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Abstract: This study aims to effectively support decision-makers in evaluating leading e-commerce
companies in Vietnam from a sustainability perspective. In addition, this study evaluates and
analyzes criteria that affect the performance of e-commerce companies in Vietnam to find the best
practices for e-commerce implementation of managers. In this way, companies can save costs
and increase marketing and promotion efficiency, helping to reach more customers. In doing so,
an integrated framework based on MCDM is proposed for the first time in e-commerce industry
assessment. In the first stage, the fuzzy decision making trial and evaluation Laboratory method is
applied to determine the weights of 9 criteria based on collected data. This study lists prominent
quantitative evaluation criteria, taking into account the sustainability aspect. In the second phase,
ranking the top 12 e-commerce companies in Vietnam according to their performance based on these
nine criteria was done by applying the neutrosophic fuzzy axiomatic design method. According to
an analysis of the data, the external financial assistance coefficient (12.7%) is the most crucial factor
determining how competitive international e-commerce businesses are. The results of this study can
help underperforming companies make strategic decisions to improve their performance. Integrating
these two techniques provides a new method for evaluating global trading companies that have
hitherto remained unaddressed in the trading industry and, therefore, leave a gap that needs to
be investigated.

Keywords: e-commerce; sustainable evaluation; decision-making; MCDM,; fuzzy
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1. Introduction

With modern advancements and the rise of the Internet, e-commerce has emerged as a
critical component of this digital evolution, reshaping the landscape of buying and selling
goods and services [1]. According to various data in 2019, Brazil showed e-commerce
growth of 16%, Russia 18.7%, India 31.9%, China 27.3%, and South Africa 25% [2]. In 2018,
US retail e-commerce sales reached more than 519 billion USD, up 13.2% year over year and
more than 200% since 2010 [3]. Over the past decade, the e-commerce industry has seen
significant growth with a focus on convenience and accessibility, leading to an increase in
online shopping with more and more consumers choosing it. It has played a crucial role
in changing the way businesses and consumers shop [4]. E-commerce makes it possible
for both customers and businesses to buy or sell goods, and it provides a wide range of
online services as well as high-quality, accessible goods and services that not only save
time but also maximize profits for both consumers and businesses [5]. In addition, this
industry also contributes to the growth of the global economy, bringing many benefits to all
stakeholders, such as consumers, businesses, and governments [6]. E-commerce in Vietnam
is emerging as an important market in Southeast Asia [7]. The growing e-commerce scene
in Vietnam has made notable strides in recent years. This business model has contributed
significantly to economic growth in the context of the world, entering the 4.0 revolution
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with an average annual growth rate of about 18% [8]. In 2022, revenue from e-commerce
in Vietnam grew significantly, reaching approximately 16.4 billion USD, accounting for
about 7.5% of the country’s total retail sales of goods and services. E-commerce can be
considered a favorable environment for the adoption of new business models and the
long-term development of the national innovation system from a strategic perspective [9].
Although Vietnam is an effective market for e-commerce to grow, it is still in the early stages
and can encounter many different challenges and barriers for e-commerce companies. Most
companies struggle to identify the most effective marketing and engagement strategies
that align with consumer expectations and knowledge levels [10].

An organization can create a strategic action plan to achieve excellence using bench-
marking. This continuous quality improvement allows the company to evaluate strengths
and weaknesses in detail and compare the advantages of competitors. By analyzing the
development of e-commerce over the years and interacting with consumer marketing strate-
gies, this article proposes a framework to evaluate the overall performance of e-commerce
companies. In this benchmark setting, key performance indicators are identified based on
sustainable practices (technological, organizational, economic, and environmental), and
the most efficient top suppliers are identified according to identified indicators. To achieve
this goal, this study presents a multi-criteria decision-making framework based on two
MCDM methods: fuzzy decision making trial and evaluation laboratory (FDEMATEL) and
neutrosophic fuzzy axiomatic design (NFAD). Recognizing the limitations inherent in many
multi-criteria models, such as the degree of inconsistency and misjudgment of alternatives,
raises the need to explore new tools to support reasonable and reliable decision-making.
T. Saravanakumar and Tae H. Lee developed a hybrid activation-based elastic controller
for a class of Takagi-Sugeno (T-S) fuzzy systems. It withstands unknown cyber attacks,
probabilistic time delays, controller gain variations, and Two numerical examples show the
effectiveness and benefits of the constructed method [11]. In this context, the developed
fuzzy DEMATEL method demonstrates outstanding flexibility and proficiency in solving
multi-criteria models with more criteria. Compared with other methods, DEMATEL stands
out with its ability to evaluate cause-and-effect relationships between factors.

In this paper, to illustrate the proposed framework, the top 12 e-commerce companies
in Vietnam are ranked based on actual data collection. This study aims to develop a new
MCDM approach to the problem of evaluating e-commerce companies by considering
appropriate criteria. The integration of two methods, DEMATEL and NFAD, has been
proposed to evaluate and select the most suitable e-commerce companies. To determine
the evaluation criteria, a group of experts will be assembled at the first stage. The criteria
were then refined based on literature review and expert opinions from various perspectives.
The criteria weights are calculated using the DEMATEL method, then the ranking of the
e-commerce company with the best potential is performed using NFAD. The integrated
application of the DEMATEL and NFAD methods has contributed to improved theoretical
understanding and practical implementation for decision support in complex and uncertain
environments. The applied methods are used to leverage the DEMATEL-NFAD method
to build a framework for evaluating sustainable e-commerce companies with objectively
weighted assessments using quantitative data. Although there have been many other
studies that have applied the MCDM method in the e-commerce industry, there have
been no studies that have applied DEMATEL-NFAD to evaluate e-commerce companies
in Vietnam in previous studies. This is also the motivation that led the authors to present
this research. In addition, the study can provide valuable insights into the appropriate
criteria for evaluating the e-commerce industry towards sustainability. Thus, e-commerce
companies can apply them to build development strategies for their companies to retain
customers as well as reduce unnecessary costs. Regarding managerial implications, this
article provides valuable insights for practitioners, decision-makers, or policymakers to
review their latest performance in the context of lasting developments. In addition, evaluat-
ing competitors’ performance can help businesses orient and focus on enhancing strategies
as soon as possible to strengthen their competitiveness.
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The structure of this study is organized as follows. In Section 2, a review of the
literature is provided. The methods and literature are described in Section 3. The re-
sults analysis is presented in Section 4. Section 5 concludes with recommendations for
additional research.

2. Literature Review

This study presents an objective weight assessment framework for e-commerce com-
panies using a multi-criteria decision-making framework based on two methods: fuzzy
DEMATEL and NFAD. The literature review on global e-commerce company performance
evaluation and the research gap and contribution of the current study come first in the
literature connected to this topic.

Over the past decade, many studies have been successful in applying the MCDM
method in the e-commerce industry. Table 1 provides an overview of MCDM methods used
in previous studies related to the development of the e-commerce industry. Many authors
have used MCDM and related techniques to address e-commerce challenges, using methods
such as the best holistically adaptable attribute ranking technique (BHARAT) [12-14]; com-
bined compromise solution (COCOSO) [14]; Vise Kriterijjumska Optimizacija Kompromisno
Resenje (VIKOR) [15,16]; weighted aggregated sum product assessment (WASPAS) [17,18];
evaluation based on distance from average solution (EDAS) [14,19]; analytic hierarchy
process (AHP) [20,21]; technique for order preference by similarity to an ideal solution
(FTOPSIS) [18,20-24]; and other MCDM [13,14,18,21,23,24]. Researchers have developed
and applied a combination of different MCDM methods. In the study by Daekook Kang
et al., the authors applied the fuzzy hierarchical TOPSIS method based on E-SERVQUAL
(E-S-QUAL) to measure e-service quality in the e-commerce environment [25]. Aleksan-
dra Baczkiewicz [14,15] used four MCDM methods: TOPSIS, VIKOR, PROMETHEE II
(preference ranking organization method for enrichment of evaluations), and COMET
(characteristic objects method) to determine the headset option that best fits the established
criteria. The results show that MCDM has great potential in the field of online commerce
and services. To support consumer decisions to choose the most suitable products from
various options, Baczkiewicz et al. [14] combined 5 MCDM methods (TOPSIS-COMET,
COCOSO, EDAS, MAIRCA, and MABAC). The study demonstrated that the proposed
method has a high potential for websites and e-commerce sites, allowing users to compare
products. By integrating the DEMATEL and EDAS methods, Yi-Hsiang Lu et al. [19] discov-
ered important factors that influence consumers’ intention to use cross-border e-commerce
platforms. The ranking results of the study can determine the best preference among the
alternatives for cross-border e-commerce platforms. This body of research highlights the
diverse and adaptable nature of MCDM approaches, demonstrating their applicability
in addressing various challenges in the e-commerce sector. This study contributes to the
continued development of these methods by presenting an innovative decision framework.
Specifically, it proposes an integrated approach that combines the strengths of the two meth-
ods, FDEMATEL and NFAD. This integrated framework is designed to comprehensively
evaluate 12 e-commerce companies in the specific context of Vietnam. In doing so, it endeav-
ors to push the boundaries of current methods and enhance the accuracy and applicability
of company assessment methods in Vietnam’s dynamic e-commerce landscape.
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Table 1. MCDM methods used in previous studies.
Methods
= @] < & > o]
No. Source Year E 8 g § § § % ;’:3':‘
= @) = » -
> @ = 2] > 2
= o « @ 0
g
<
1 [26] 2017 X
2 [27] 2019 X X
3 [24] 2019 X X
4 [21] 2020 X X X
5 [15] 2021 X X X
6 [14] 2021 X X X
7 [14] 2021 X X
8 [28] 2022 X
9 [19] 2022 X X
10 [16] 2022 X
11 [29] 2023 X
12 [30] 2023 X
13 [18] 2023 X X
14 [12] 2024 X
15 [13] 2024 X X

To survive and compete globally, leading e-commerce companies are under significant
pressure to increase productivity and profits, so many e-commerce managers are looking
to technology to maintain and improve their competitive advantage. One of the best
measures is to use effective analytics to identify their strengths and weaknesses and improve
their performance. Rahayu, R. et al. [31] researched factors affecting small and medium
enterprises in developing countries in adopting e-commerce. The findings indicate that
the key determinants impacting organizations are perceived benefits, owner inventiveness,
owner IT competencies, and owner IT experience. Research by Ramanathan, R [32] pointed
out that e-commerce websites must also perform well on various performance criteria to
win and retain customers. The study results show that customer satisfaction with claims is
considered the most important criterion based on the above discussion and careful review
of previous studies. In this study, the decisive criteria for analyzing the performance
of e-commerce companies are synthesized, including economics, organizational factors,
technology, and environmental aspects, as shown in Table 2.

Table 2. Summary of criteria for evaluating effectiveness in e-commerce.

Main Criteria Sub-Criteria Source Symbol
Technology readiness [24,31] CR-01
Technology factors Experience in information technology [31,33,34] CR-02
Investment costs for technology [34] CR-03
Customer satisfaction [32,35] CR-04
Organizational factors Employee knowledge [36] CR-05
Perception of business managers [31,37-39] CR-06
External financial support [31] CR-07

Economic factors

Company operating expenses [35] CR-08

Environmental factors

Efficient sustainable energy use [40,41] CR-09
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3. Methodology
3.1. Research Framework

MCDM is considered a complex tool for balancing the goals, risks, and limitations of a
problem. This article proposes a research framework for the sustainability assessment of
large e-commerce companies by considering nine criteria and 12 alternatives. This research
framework is shown in Figure 1. In the first stage, the weight coefficient for each criterion
is calculated using the fuzzy DEMATEL method. Then, the NFAD method is applied to
rank the alternatives.

Group of decision-marker selection

¥

E C 5 i [ Criteria Selection
(ECs) selection | T eview
| Determine research methods ‘
|
gl
¥ 13
‘ ‘Weighting the Criteria by FDEMATEL | | EC Ranking by NFAD ‘
I !
| Rate the experts | | Use SVTN to represent the data |
SR B A; ate opinions of decision makers b
| of the f I | ggregate op o 7 |
| Computmg thi Teft (1K) and right (7kE) | | Caleulate the LIC]" , LICI" ,LICE*for each FR |
values , crisp values
| Computing the total nomolized crisp values tkf | —>| Calculate the value of ScF for LIC of AT;. |
Obtaining the direct relattion matrix, Establishing | Determine the ACF value for the LIC of AT: |
an identity matrix i
| ‘Weighting the Criteria |— | Rank alternatives |

Figure 1. Research framework for decision-making methods used to evaluate ECs.

3.2. Fuzzy DEMATEL Weighting Method

In order to examine the DEMATEL defuzzification literature, Fontela and Gabus
developed the DEMATEL approach in 1974; many defuzzification methods have been used
to analyze factor correlations. The defuzzification of fuzzy numbers is very important for
DEMATEL methods combined with fuzzy logic. The CFCS method is the most commonly
accepted defuzzification algorithm in fuzzy logic and DEMATEL modeling [42]. Evaluation

of the fuzzy influence ke = (ke, ke, ke) is given by ij ij1 ij2 ij3 expert Ge. The fuzzy
DEMATEL technique [43] is summed up in the subsequent steps:
Step 1: Identify criteria and decision-makers

First, issues related to the e-commerce industry are analyzed by a group of decision-
makers (e = 1...E). Then, based on references and opinions of decision-makers, the criteria
(j=1...]) are determined.

Step 2: Rate the experts

Rank the importance of decision makers based on experience and expertise. The
weighting coefficient of the eth decision maker (oe) is defined as Equation (1). Fuzzy
~e

Kj = (kjjy, Kjjp, k§3) represents the expertise of the kth decision-maker [44].

1— \/((1— £ + K5 +k53)/3
Ee(1— /(1= K1) + ki +k5s)/3)

Oe =

)

where Y'Y | e =1and 0 < ki + ki + Kz < 1.

The kth decision maker conducts linguistic assessments of the potential impact of
criterion j on criterion 1, where j,1=1...], e = 1.. .E. Table 3 shows fuzzy values converted
from linguistic evaluation of alternatives between criteria from experts.
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Table 3. Impact terms and fuzzy numbers relationship in fuzzy DEMETAL.

Degree of Influence Impact Term Corresponding TFNs
Negligible impact NIM (0.0,0.1,0.3)
Low impact LIM (0.1, 0.3,0.5)
Impact M (0.3,0.5,0.7)
Quite high impact QHIM (0.5,0.7,0.9)
Extremely high impact EHIM (0.7,09,1.0)

Step 3: Nomolize the fuzzy numbers

e ki — minkjy 2
i maxkjjz — minkj;
e ksz — minl(iej1 -
iz = maxkj; — minkj;
e kij3 — minkjj
ki = e —% 4)
maxkj;3 — minkj;,
Step 4: Compute the left (lk'f]-) and right (rk%) nomolized values
K,
kS = —— 5
U1+ kG — K ®
7€
ks
rkf = —— (6)
14K - K
Step 5: Compute crisp values
e e e e
E 1 — 1k + rkj;
Step 6: Compute the total nomolized crisp values tkie]-
tkfj = minkj; + zj;(maxkj; — minkj; ) (8)

Step 7: Obtain the direct relation matrix though aggregating the normalized crisp value
from experts

11
Step 8: Gather the nomalized direct matriz C
C= M ; 4,j=12,...,n (10)

n
max <j<n) ;i ki

Step 9: Establish an identity matrix (L).

10 ..0
01 0 0

L=1. . . . (11)
00 1

After that, employ identity matrix (L) minus the nomalized direct matrix (C).
Multiplying the (L-C)~! matrix and (C) matrix obtains the total relation matrix (t).

Step 10. Calculating the sum of rows (ro;) and columns (co,) of the total-influence matrix
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ro; = [y 1 tilnx1 = [tilnx1 (12)
coj = [Zjn:l tijlnx1 = [tjnx1 (13)

Then computing (ro; + co;) and (ro; — co;) for mapping the cause and affect diagram.
The word “Prominence” refers to the degree of importance assigned to the criterion
by the “ro; + co;” calculus. The “Relation” formula, which separated these criteria into two
groups as illustrated, is used to calculate “ro; — co;”. It is crucial to define values within the
cause and effect group in order to rank the criteria and evaluate the severity of the impacts.

roj + co; > 0 : itbelongstothegroup “cause”.

roj — coj < 0: itbelongstothegroup “effect”.

The weight («;) of the jth criteria is shown in Equation (14):

ro; + Coj

P (roj + coj)

3.3. NEFAD Ranking Method
Fuzzy Set Theory

Linguistic variables are considered more effective than numbers for resolving ambi-
guities in human judgment. Fuzzy theories have been introduced, developed and widely
used in the field of decision making to quantify linguistic terms. Decision makers can not
only express their freedom but can also make more prioritized decisions. In this study,
the Neutrosophic set was capable of handling uncertain, indeterminate, and inconsistent
information. Centralized methods are suitable for modeling inconsistent, uncertain, and
indeterminate problems, where human knowledge and human judgment are needed. Neu-
trosophic set (NS) [45]. Let & be the universe, and NS is D in & presented by a Tr function
Trp, I function Inp and a Fa function Fap where Trp, Inp and Fap are the true standard
factors of [0,1]. It is represented as follows:

D = {<x, (Trp(x), I,p(x), Fap (x)) >: x € E, Trp, Inp, Fap €]0~, 17[}.
There is no cap on the amount of Trp (x), Inp (x), and Fap (x). So,
< TTD (X) + ITlD (JC) + FQD (x) > 1+. (15)

Score functlon (ScF) and accuracy function (AcF) are suitable functions for comparing

SVN. Assume D1 = (Try, Inq, Fa;) be a SVN, then, the ScF(Dl) AcF(Dl) of a SVNN are
represented as follows:

ScF(Dy) = (2 + Trl — Inl — Fal)/3 (16)

AcF(Dy) = Trl — Fal. (17)

(SVTrN-number) (IN) =< (uy,v1,w); Trp, Inp, Fap >) is a particular NS on the real number
set R, whose Tr, In, Fa memberships are described in Figure 2, and shown as follows:

(x —u)Trp/(v1 — w), (w1 < x < vq)
Trp, (x = v1)

(w1 — x)Trp/(c1 — v1), (01
0, otherwise

Trp(x) = (18)

IN
R

< w)
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(01 — x—Inp/(x — u1))/(v1 — u1), (m < x < vq)
_ Trp, (x = v1)
Inp(x) = (x —v1 + Inp(wy — x))/(wy — v1), (v1 < x < wy) 19)
1, otherwise
(vi — x + Fap/(x — u1))/(v1 — u1), (13 < x < vq)
B Fap, (x = v1)
Fan(x) =4« — w; + Fap(wy — x))/(w1 — v1),(v1 < x < wy) 20
1, otherwise

In-membership

1

Truth

Indetermine Fa-membership

False
Tr-membership

0

ul vl wil

Figure 2. A triangular neutrophil count with standard single value.

Operations of SVIrN-number: If DNl < (aj,ay,a3); Try,Iny, Fa;> and [;2 < (by, by, b3);
Try, Iny, Fap> is two SVTIrN-number, then:

131 @ 52 =< (a1 + by, ay + by, az + bs); min(Try, Trp), max(Iny, Iny), max(Fay, Fap) > (21)

DNl ® DNZ =< (mb, axby, asbs); min(Try, Trp), max(Inq, Iny), max(Fay, Fap) > (22)

)\51 =< (Aay, Aay, Aaz);min(Try, Trp), max(Iny, Iny), max(Fay, Fay) > (23)

SC and AcF of SVTrN-number. The ScF s(]Sl) and AcF a([;l) can be defined as follows:

~ 1
ScFs(Dy) = (E)[(al +2ap +asz|x[2+ Trl — Inl — Fal] (24)
AcF s(Dy) = (11—2)[(111 +2ay + as)x[2 + Trl — Inl + Fal] (25)

Ranking of SVIrN-number:
If ScF(Dy) < ScF(D), then Dy < Dy (26)

IfScE(D;) = ScF(D,), and if. 27)
ACF(DN1) < ACF(ISZ), then 151< 52
ACF(ﬁl) > ACF(ISz), then 51> 52

AcF(DNl) = ACF(DNZ), then DNl: 152

The information axiom is determined by the lowest information content (LIC), which
is related to the ability to maintain planned objectives. The LIC; is given by:

1

probability; ) (28)

LIC; = log,(
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The probability of completion is determined by DR and SR. The intersection region of
DR and SR is the general region where a satisfactory solution exists, as shown in Figure 3.
Probability;, which represents the uniform probability distribution function, can be stated

as follows:
Probability; = (Common range/System range) (29)

LIC; = Log,(Common range/System range) (30)

Design range

System range

Probability density

Common Area

>
Figure 3. The common area of SR and DR.

The (LICT), (LIC™™), and (LICF?) symbols, can be shown as follows:

Truth — membership system desgin

Tr _
LICT = log, Truth — membership Common area (31)
Lichn — log, I ndeterml‘nacy — membershl‘p system desgin (32)
Indeterminacy — membership Common area
LICF® = log Falsity — membership system desgin (33)

2 Falsity — membership Common area

3.4. Neutrosophic Fuzzy Axiomatic Design (NFAD)
The following procedures are used in this study’s NAD approach for ranking the
alternatives:

Step 1: Use SVTrN, which has the form of <Low value (L), Mean value (M), Upper value
(U)), and confirmation degree (CD)>, to represent the data. The data representation method
is shown in Table 4.

Step 2: Aggregate opinions of decision makers by averaging using Equation (21).

Step 3: Calculate the LIC™, LIC™, LIC for each FR; base on the Formulas (34), (35) and
(36), respectively:

0 if D:: > G-~ OF D;: > 5.
1 1
LICZ'? = i Truth—membership system desgin f ;zl] < gA]3 EZJS < g] (34)
08> Truth—membership Common area If Pijt = &j3 0T Pij3 = 81
0 if D:: > Gn 0 Pin > &
LIC{;1 = ] Indeterminacy—membership system desgin f El”l < %]3 le]3 < gA]l (35)
08> Indeterminacy—membership Common area lf Pijt = &j3 0T Pijz = &j1

Falsity—membership system desgin Sl A Al A
08> Falsity—membership Common area lf Pij1 < 83 O Pij3 = &

L Icf}a - {l 0 if Pijp > 83 or Pijz > §it (36)

where Pijt and pjj3 are the L and U values of AT; by C; and where 81 and gz are L and U
values of FR;.
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Table 4. Language variables and SVTrN standards.
Linguistic Terms L,M, U Confirmation Level (T, I, F)
Extremely low (EL) <(0,0,1)> Extremely not sure (ENoS) <(0, 1, 1)>
Very low (VL) <(0,1,2)> Not sure (NoS) <(0.2, 0.8, 0.8)>
Fairly Low (FL) <1,2,3)> Fairly sure (FS) <(0.3,0.7, 0.7)>
Low (L) <(2,3,4)> Quite sure (QS) <(0.5, 0.5, 0.5)>
Quite high (QH) <(3,4,5)> Sure(S) <(0.7, 0.4, 0.4)>
High (H) <(4,5, 6)> Very sure (VS) <(0.8, 0.2, 0.2)>
Very high (VH) <(5,6,7)> Strongly sure (SS) <(0.9, 0.1, 0.1)>
Extremely high (EH) <(7,8,9)> Extremely sure (ES) <(1, 0, 0)>

Step 4: Calculate the value of ScF for LIC of AT;

After calculating the LIC?, LIC%“, and LIC§a we obtain the form of SVN. Thus, ScF is
calculated according to Equation (37).

SCFZ‘ = Z;lzl SCPI']' . W] = 27:1 [2 + Trij - Inij - Fai]} /3. W] (37)

Step 5: Determine the AcF value for the LIC of AT;

After computing the LICiTjr, LIC%“, and LIC};a, we obtain the form of SVN. Therefore,
AcF is determined using Equation (38).

AcF; = 27:1 AcFjj. W; = 27:1 [Trj; — Fai]-] Wi (38)

Step 6: Rank alternatives.

Select the best alternative based on the ranking of the SVTrN using Equations (39)
and (40). Then rank them based on AT; if ScF; of the alternatives are equal. This section is
shown as follows:

If ScF; < AcF;, then AT; < AT; (i.e.AT; is worse than AT;) (39)

If ScF; = ScFjand if, (40)
If AcF; < AcFj, then AT; < AT (i.e.AT; is worse than AT} )
If AcF; > AcFj, then AT; > AT;j (i.e.AT; is better than AT})
If AcF; = AcFj, then AT; = AT; (i.e.AT; is equal to ATj)

4. Discussion
4.1. A Case Study

To evaluate the performance of leading e-commerce companies in Vietnam based
on specific influential and conflicting criteria, this study aims to provide a fuzzy MCDM
framework as well as collect expert assessments. In this study, a group of 10 experts
who have worked in the e-commerce industry with more than ten years of experience
were consulted, and they evaluated the impact of the criteria in assessing 12 e-commerce
companies bringing high efficiency to the e-commerce field. More specifically, Figure 4 is a
cause-and-effect diagram to show the direct and indirect relationships between criteria and
sub-criteria in this paper. Twelve leading e-commerce companies in Vietnam are used to
test the effectiveness of the proposed model, which are the Gioi Di Dong (EC-01), LAMECO
(EC-02), TIKI (EC-03), Shopee Vietnam (EC-04), VNPAY (EC-05), Lazada (EC-06), Sendo
(EC-07), VCCORP (EC-08), VNP Group (EC-09), FPT (EC-10), UPBASE (EC-11), and META
ECOM (EC-12).
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CRITERIA FOR SELECTING E-COMMERCE COMPANIES IN VIETNAM

Environmental factorsq Technology factors .
. \ Technology readiness .
Efficient sustainable @ * ! o . *
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Figure 4. Criteria for selecting e-commerce companies in Vietnam.

4.2. Calculation of Criteria Weights with FDEMATEL

Initially, ten experts were formed to study the impact of evaluation criteria on the per-
formance of 12 e-commerce companies. At this stage, meaningful weights are determined
using the FDEMATEL weighting method. As a result, the weights of all nine criteria for
each aspect, including economic, business organization, technology, and environmental
aspects, are shown in Table 5. The importance of the nine criteria is shown in Figure 5. As
can be seen, external financial support (CR-07), perception of business managers (CR-06),
and company operating expenses (CR-08) have the greatest impact on the e-commerce
industry at 12.7%, 12.0%, and 11.9%, respectively. These figures show that business orga-
nization and economic factors are of great importance in evaluating the performance of

e-commerce companies.

Table 5. Weighting results of all criteria.

Criteria 104 co; Prominence Relation Weight
CR-01 4.70 4.76 9.45 —0.06 0.09
CR-02 6.27 5.09 11.36 1.18 0.11
CR-03 5.05 5.32 10.37 —0.27 0.10
CR-04 5.40 5.94 11.34 —0.54 0.11
CR-05 427 5.78 10.04 —1.51 0.10
CR-06 6.82 5.24 12.06 1.57 0.12
CR-07 6.67 6.06 12.73 0.61 0.13
CR-08 5.62 6.36 11.97 —0.74 0.12
CR-09 5.42 5.65 11.07 -0.23 0.11

The importance of the criteria
14.0%

12.0%

10.0%
8.0%
6.0%
4.0%
2.0%
0.0%

CR-01 CR-02 CR-03 CR-04 CR-05 CR-06 CR-07 CR-08 CR-09

Criteria

The importance level

Figure 5. The importance of the criteria.
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4.3. Ranking Alternatives with NFAD

After calculating the weights of those decision-makers, summarize the opinions of
decision-makers, as in Table 6. This section synthesizes the average method according to

Formula (21).

Table 6. The aggregated direct influence matrix.

Company CR-01 CR-02 CR-03
EC-01 <(34,4.4,54),(03,0.7,0.7)> <(3.5,4.5,5.5),(0.3,0.7,0.7)> <(4,5,6),(0.3,0.7,0.7)>
EC-02 <(3.7,4.7,5.7), (0.5, 0.5, 0.5)> <(4.3,5.3,6.3),(0.3,0.7,0.7)> <(4.2,5.2,6.2),(05,05,0.5)>
EC-03 <(21,3.1,4.1),(0.3,0.7,0.7)> <(3.8,4.8,5.8),(0.3,0.7,0.7)> <(3.5,4.5,5.5),(0.3,0.7,0.7)>
EC-04 <(27,3.7,4.7),(0.3,0.7,0.7)> <(3.7,4.7,5.7),(0.3,0.7,0.7)> <(3.8,4.8,5.8),(0.5,0.5,0.5)>
EC-05 <(4.8,5.8,6.8),(0.3,0.7,0.7)> <(44,54,64),(03,07,0.7)> <(3,4,5),(0.5,0.5,0.5)>
EC-06 <(2.2,3.2,4.2),(0.5,0.5,0.5)> <(4.5,5.5,6.5),(0.3,0.7,0.7)> <(4.5,5.5,6.5),(0.3,0.7,0.7)>
EC-07 <(3.5,4.5,5.5),(0.3,0.7,0.7)> <(3.1,4.1,5.1),(0.3,0.7,0.7)> <(24,3.4,44),(03,07,0.7)>
EC-08 <(4.6,5.6,6.6),(0.3,0.7,0.7)> <(4.2,52,6.2),(0.3,0.7,0.7)> <(3.1,4.1,5.1),(0.5,0.5,0.5)>
EC-09 <(4.6,5.6,6.6),(0.3,0.7,0.7)> <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(4.6,5.6,6.6),(0.3,0.7,0.7)>
EC-10 <(5.5,6.5,7.5),(0.3,0.7,0.7)> <(4.3,5.3,6.3),(0.3,0.7,0.7)> <(3.9,4.9,5.9),(0.3,0.7,0.7)>
EC-11 <(3.9,4.9,5.9),(05,0.5,0.5)> <(3.1,4.1,5.1),(0.7,0.4, 0.4)> <(3,4,5),(0.5,0.5,0.5)>
EC-12 <(5,6,7),(0.3,0.7,0.7)> <(3.1,4.1,5.1),(0.3,0.7,0.7)> <(4.1,51,6.1),(0.3,0.7,0.7)>
FR <(3.5,4.5,5.5),(0.3,0.7,0.7)> <(3,4,5),(03,0.7,0.7)> <(4.9,5.9,6.9),(0.3,0.7,0.7)>
Company CR-04 CR-05 CR-06
EC-01 <(4,5,6),(0.5,0.5,0.5)> <(4,5,6),(0.3,0.7,0.7)> <(3.6,4.6,5.6),(0.3,0.7,0.7)>
EC-02 <(29,3.9,4.9),(0.3,0.7,0.7)> <(4,5,6),(0.7,0.4, 0.4)> <(3.7,4.7,5.7), (0.5, 0.5, 0.5)>
EC-03 <(2.8,3.8,4.8),(0.3,0.7,0.7)> <(3.8,4.8,5.8),(0.5,0.5,0.5)> <(24,3.4,44),(0.3,0.7,0.7)>
EC-04 <(4.1,5.1,6.1),(0.3,0.7,0.7)> <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(3.5,4.5,5.5),(0.3,0.7,0.7)>
EC-05 <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(3.6,4.6,5.6),(0.3,0.7,0.7)> <(4.6,5.6,6.6),(0.3,0.7,0.7)>
EC-06 <(3.1,4.1,5.1),(0.3,0.7,0.7)> <(2.9,3.9,4.9),(0.3,0.7,0.7)> <(2.9,3.9,4.9),(0.3,0.7,0.7)>
EC-07 <(4,5,6),(0.3,0.7,0.7)> <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(2.6,3.6,4.6),(0.5,0.5,0.5)>
EC-08 <(4.2,52,6.2),(0.3,0.7,0.7)> <(4.6,5.6,6.6),(0.3,0.7,0.7)> <(3.6,4.6,5.6),(0.3,0.7,0.7)>
EC-09 <(34,4.4,54),(03,0.7,0.7)> <(3.7,4.7,5.7),(0.3,0.7,0.7)> <(3.3,4.3,5.3),(0.3,0.7,0.7)>
EC-10 <(4.3,5.3,6.3),(0.5,0.5,0.5)> <(4.2,52,6.2),(0.3,0.7,0.7)> <(29,3.9,4.9),(0.3,0.7,0.7)>
EC-11 <(4.3,5.3,6.3),(0.3,0.7,0.7)> <(4.6,5.6,6.6),(0.3,0.7,0.7)> <(3.7,4.7,5.7),(0.3,0.7,0.7)>
EC-12 <(4.2,52,6.2),(0.3,0.7,0.7)> <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(3.7,4.7,5.7),(0.3,0.7,0.7)>
FR <(4.4,54,64),(03,07,0.7)> <(4,5,6),(0.3,0.7,0.7)> <(3.9,4.9,5.9),(0.3,0.7,0.7)>
Company CR-07 CR-08 CR-09
EC-01 <(3.5,4.5,5.5),(0.5,0.5,0.5)> <(4.5,5.5,6.5),(0.3,0.7,0.7)> <(3.1,4.1,5.1),(0.3,0.7,0.7)>
EC-02 <(2.8,3.8,4.8),(0.3,0.7,0.7)> <(2.6,3.6,4.6),(0.7,0.4,0.4)> <(4.3,5.3,6.3),(0.3,0.7,0.7)>
EC-03 <(3.5,4.5,5.5),(0.3,0.7,0.7)> <(4.2,52,6.2),(0.3,0.7,0.7)> <(4.5,5.5,6.5),(0.3,0.7,0.7)>
EC-04 <(3,4,5),(03,0.7,0.7)> <(4.1,5.1,6.1),(0.3,0.7,0.7)> <(3.1,4.1,5.1),(0.3,0.7,0.7)>
EC-05 <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(3.3,4.3,5.3),(0.3,0.7,0.7)> <(3.7,4.7,5.7),(0.3,0.7,0.7)>
EC-06 <(3.8,4.8,5.8),(0.3,0.7,0.7)> <(2.8,3.8,4.8),(0.3,0.7,0.7)> <(3.8,4.8,5.8),(0.3,0.7,0.7)>
EC-07 <(3.2,4.2,5.2),(0.3,0.7,0.7)> <(2.8,3.8,4.8),(0.3,0.7,0.7)> <(3.1,4.1,5.1),(0.3,0.7,0.7)>
EC-08 <(3.9,4.9,5.9),(0.3,0.7,0.7)> <(3.3,4.3,5.3),(0.3,0.7,0.7)> <(4,5,6),(03,0.7,0.7)>
EC-09 <(4.1,5.1,6.1),(0.3,0.7,0.7)> <(3.8,4.8,5.8),(0.3,0.7,0.7)> <(4.1,5.1,6.1),(0.3,0.7,0.7)>
EC-10 <(34,4.4,54),(05,05,0.5)> <(3.7,4.7,5.7),(0.3,0.7,0.7)> <(3.6,4.6,5.6),(0.3,0.7,0.7)>
EC-11 <(3.8,4.8,5.8),(0.3,0.7,0.7)> <(3.5,4.5,5.5),(0.3,0.7,0.7)> <(5.2,6.2,7.2),(0.3,0.7,0.7)>
EC-12 <(3,4,5),(0.3,0.7,0.7)> <(4.5,5.5,6.5),(0.5,0.5,0.5)> <(4.2,52,6.2),(0.5,05,0.5)>
FR <(3.9,4.9,5.9),(0.3,0.7,0.7)> <(3.7,4.7,5.7),(0.3,0.7,0.7)> <(3.5,4.5,5.5),(0.3,0.7,0.7)>

Table 7 shows the results of truth membership, indeterminacy membership, and false
membership for each function requirement. Compute the LICTY, LICI", and LICF? according
to the Formulas (34), (35), and (36), respectively.

The results of computing the ScF value are shown in Table 8. ScF is calculated using

Equation (37).
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Table 7. The results of the LICT, LICI", and LICFa,

LICT CR-01 CR-02 CR-03 CR-04 CR-05 CR-06 CR-07 CR-08 CR-09

EC-01 0.15 0.83 1.72 1.06 0.00 0.47 1.06 1.47 0.64
EC-02 0.72 3.03 1.66 4.00 0.00 0.72 2.30 3.04 1.47
EC-03 3.47 1.47 3.47 4.64 0.72 4.00 0.64 0.83 2.00
EC-04 1.47 1.24 2.72 0.47 1.47 0.64 1.72 0.64 0.64
EC-05 3.03 3.47 9.06 2.64 0.64 1.24 1.24 0.64 0.30
EC-06 3.44 4.00 0.64 3.03 2.30 2.00 0.15 1.72 0.47
EC-07 0.00 0.15 0.00 0.64 1.47 3.44 1.24 1.72 0.64
EC-08 2.30 2.64 7.06 0.30 1.03 0.47 0.00 0.64 0.83
EC-09 2.30 0.30 0.47 2.00 0.47 1.03 0.30 0.15 1.03
EC-10 0.00 3.03 2.00 0.56 0.30 2.00 1.25 0.00 0.15
EC-11 1.06 0.88 9.06 0.15 1.03 0.30 0.15 0.30 5.47
EC-12 4.00 0.15 1.47 0.30 1.47 0.30 1.72 1.89 1.66

LICI" CR-01 CR-02 CR-03 CR-04 CR-05 CR-06 CR-07 CR-08 CR-09

EC-01 0.15 0.83 1.72 0.42 0.00 0.47 0.42 1.47 0.64
EC-02 0.08 3.03 1.02 4.00 0.00 0.08 2.30 1.96 1.47
EC-03 3.47 1.47 347 4.64 0.08 4.00 0.64 0.83 2.00
EC-04 1.47 1.24 2.08 0.47 1.47 0.64 1.72 0.64 0.64
EC-05 3.03 3.47 8.42 2.64 0.64 1.24 1.24 0.64 0.30
EC-06 2.81 4.00 0.64 3.03 2.30 2.00 0.15 1.72 0.47
EC-07 0.00 0.15 0.00 0.64 1.47 2.81 1.24 1.72 0.64
EC-08 2.30 2.64 6.42 0.30 1.03 0.47 0.00 0.64 0.83
EC-09 2.30 0.30 0.47 2.00 0.47 1.03 0.30 0.15 1.03
EC-10 0.00 3.03 2.00 —0.07 0.30 2.00 0.61 0.00 0.15
EC-11 0.42 —0.20 8.42 0.15 1.03 0.30 0.15 0.30 5.47
EC-12 4.00 0.15 1.47 0.30 1.47 0.30 1.72 1.25 1.02

LICF2 CR-01 CR-02 CR-03 CR-04 CR-05 CR-06 CR-07 CR-08 CR-09

EC-01 0.15 0.83 1.72 0.42 0.00 0.47 0.42 1.47 0.64
EC-02 0.08 3.03 1.02 4.00 0.00 0.08 2.30 1.96 1.47
EC-03 3.47 1.47 347 4.64 0.08 4.00 0.64 0.83 2.00
EC-04 1.47 1.24 2.08 0.47 1.47 0.64 1.72 0.64 0.64
EC-05 3.03 3.47 8.42 2.64 0.64 1.24 1.24 0.64 0.30
EC-06 2.81 4.00 0.64 3.03 2.30 2.00 0.15 1.72 0.47
EC-07 0.00 0.15 0.00 0.64 1.47 2.81 1.24 1.72 0.64
EC-08 2.30 2.64 6.42 0.30 1.03 0.47 0.00 0.64 0.83
EC-09 2.30 0.30 0.47 2.00 0.47 1.03 0.30 0.15 1.03
EC-10 0.00 3.03 2.00 —0.07 0.30 2.00 0.61 0.00 0.15
EC-11 0.42 —0.20 8.42 0.15 1.03 0.30 0.15 0.30 5.47
EC-12 4.00 0.15 1.47 0.30 1.47 0.30 1.72 1.25 1.02

Table 8. The value of ScF.

ScF CR-01 CR-02 CR-03 CR-04 CR-05 CR-06 CR-07 CR-08 CR-09

EC-01 0.05 0.04 0.01 0.07 0.06 0.06 0.09 0.02 0.04
EC-02 0.07 —0.04 0.05 —0.07 0.06 0.09 —0.01 0.04 0.02
EC-03 —0.04 0.02 —0.05 —-0.09 0.08 -0.07 0.05 0.04 0.00
EC-04 0.01 0.03 0.02 0.05 0.02 0.05 0.01 0.05 0.04
EC-05 —-0.03 —0.05 —0.18 —0.02 0.04 0.03 0.03 0.05 0.06
EC-06 0.00 -0.07 0.04 —-0.03 —0.01 0.00 0.07 0.01 0.05
EC-07 0.06 0.06 0.06 0.04 0.02 —0.01 0.03 0.01 0.04
EC-08 —0.01 —0.02 —-0.12 0.06 0.03 0.06 0.08 0.05 0.04
EC-09 —-0.01 0.06 0.05 0.00 0.05 0.04 0.07 0.07 0.03
EC-10 0.06 —0.04 0.00 0.09 0.05 0.00 0.08 0.07 0.06
EC-11 0.06 0.11 —0.18 0.06 0.03 0.06 0.07 0.06 —-0.12
EC-12  —0.06 0.06 0.02 0.06 0.02 0.06 0.01 0.05 0.05
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Then calculate the AcF value for LIC of each alternative using Equation (38). Finally,
the final ranking of the positions is calculated according to Formulas (39) and (40). The best
alternative is selected according to ScF;. If the ScF; c of the alternatives is equal, rank them
according to each alternative. From NFAD's final rankings in Figure 6, the Gioi Di Dong (EC-
01) is determined to be the company with the most effective operations in the e-commerce
industry in Vietnam, with a score of 0.44. For many years, the Gioi Di Dong has been
different in customer experience and in implementing business strategies compared to other
competitors. In addition, the Gioi Di Dong also puts customers’ interests first, grasping
customer psychology for better management [46]. FPT (EC-10) is an e-commerce company
with the second most promising score of 0.38. Just like the Gioi Di Dong, FPT operates and
builds a service style with customers as the top priority. The company’s marketing and
management strategies are also unified among branches, bringing sustainable development
for the company and increased competitiveness [47]. The organization considered to have
the next potential e-commerce activity based on criteria and expert assessments is VNP
Group (EC-09) with a score of 0.35.

Overall NFAD results
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Figure 6. Overall NFAD results.

4.4. Managerial Implications

Managers of e-commerce businesses are facing more and more pressure to prove
their worth and boost the efficiency and competitiveness of their companies. Survival
is determined by the quality of their goods and services. Its quality and strategic excel-
lence help businesses gain customer loyalty and competitive advantage. An appropriate
methodological framework and a comprehensive set of quality assessment criteria based
on technological, organizational, economic, and environmental factors will provide man-
agers with the necessary guidance to develop an assessment system. These evaluation
systems could provide electronics companies with the feedback they need to become more
competitive. In addition, evaluating, ranking, and classifying suppliers for e-commerce
businesses is based on real data. The insights will help practitioners develop new strategies
for appropriate investments in supplier relationships.

5. Conclusions

E-commerce is one of the fields that makes an important contribution to Vietnam’s
sustainable economic development. Over the past years, this industry has grown strongly
and is a pioneer in the digital economy, creating motivation for economic development
and leading digital transformation in businesses. The main goal of this research is to
explore the potential of sustainable e-commerce as well as evaluate the performance of
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Vietnamese businesses in the field of e-commerce by using FDEMATEL in combination
with NFAD. According to expert opinion and literature review, we have initially identified
the necessary factors to evaluate EC in the Vietnamese context. We have carefully and
extensively evaluated to identify nine criteria to evaluate the twelve companies most
effectively in terms of economics, organizational factors, technology, and environmental
aspects in the decision-making process. The results show that “external financial support”,
“perception of business managers”, and “company operating expenses”, are the three most
important criteria in evaluating the performance of leading e-commerce companies in
Vietnam. The three top-performing companies have been identified in line with the strong
growth of the e-commerce industry. Although there have been a number of studies that
have implemented MCDM methods for the general e-commerce field, there have been no
studies that have applied the two methods fuzzy decision making trial and evaluation
laboratory and neutrosophic fuzzy axiomatic design to evaluate the performance of e-
commerce companies in Vietnam. Therefore, introducing a newly proposed decision-
making framework based on NFAD is very important and serves as a valuable reference
for evaluating companies’ performance in the future. Moreover, this research can promote
the sustainable development of Vietnam’s e-commerce industry. Although the research has
many important contributions in many aspects to the e-commerce industry in general and
e-commerce companies in Vietnam in particular, this research still has certain limitations.
First, the initial assessment of the industry and the criteria is mainly based on the opinions
of experts. In addition, many other researchers have used various mathematical methods
to evaluate the e-commerce industry in general. Furthermore, this research was evaluated
on a scale in Vietnam, so it is proposed to expand the scope of research on the e-commerce
industry to a global scale to have a more objective view and develop a set of evaluation
criteria broader. In future studies, companies in the e-commerce industry can apply
this decision-making framework to increase operational efficiency as well as increase
competitiveness in the market.

Funding: This research received no external funding.

Data Availability Statement: Data sharing is not applicable to this article as no new data were created
or analyzed in this study.

Acknowledgments: The author appreciates the support from the Ho Chi Minh City University of
Technology and Education, Vietnam.

Conflicts of Interest: The author declares no conflicts of interest.

References

1.

10.

Bouwman, H.; Van den Hooff, B.; van de Wijngaert, L.; Van Dijk, ].A.G.M. Information and Communication Technology in Organi-
zations: Adoption, Implementation, Use and Effects; SAGE Publications Ltd.: London, UK; Thousand Oaks, CA, USA; New Delhi,
India, 2005; pp. 93-114.

Haji, K. E-commerce development in rural and remote areas of BRICS countries. J. Integr. Agric. 2021, 20, 979-997. [CrossRef]
Tokar, T.; Jensen, R.; Williams, B.D. A guide to the seen costs and unseen benefits of e-commerce. Bus. Horizons 2021, 64, 323-332.
[CrossRef]

Zhang, X.; Zhou, G.; Cao, J.; Wu, A. Evolving strategies of e-commerce and express delivery enterprises with public supervision.
Res. Transp. Econ. 2020, 80, 100810. [CrossRef]

Hoffman, D.L.; Novak, T.P. A new marketing paradigm for electronic commerce. Inf. Soc. 1997, 13, 43-54.

Gupta, S.; Kushwaha, P.; Badhera, U.; Chatterjee, P.; Gonzalez, E.D.S. Identification of benefits, challenges, and pathways in
E-commerce industries: An integrated two-phase decision-making model. Sustain. Oper. Comput. 2023, 4, 200-218. [CrossRef]
Le Tan, T,; Hieu, P.T,; Van, N.T.T,; Linh, D.T.; Hung, N.N.P,; Duyen, D.T.M. Research on Factors Affecting Customers’ Shopping
Behavior on E-Commerce Exchanges during the COVID-19 Pandemic. Int. ]. Bus. Manag. Econ. Res. 2021, 2, 251-269. [CrossRef]
Minh, N.T.; Ha, N.T.T.; Duong, N.D. Developing E-Commerce in Vietnam. J. Posit. Sch. Psychol. 2022, 6, 5839-5848.

Van, L.T.H.; Guzikova, L.; Nguyen, A.T. Evaluation of E-commerce Impact on Sustainable Economic Growth: The Case of
Vietnam. Int. Sci. Conf. Innov. Digit. Econ. 2021, 1619, 101-111.

Thuy, D.N.H.T. Empirical Research on the Influence Factors of E-commerce Adoption Among E-commerce Companies in Vietnam.
Glob. Changes Sustain. Dev. Asian Emerg. Mark. Econ. 2021, 1, 315-334.


https://doi.org/10.1016/s2095-3119(20)63451-7
https://doi.org/10.1016/j.bushor.2021.01.002
https://doi.org/10.1016/j.retrec.2019.100810
https://doi.org/10.1016/j.susoc.2023.08.005
https://doi.org/10.47747/ijbme.v2i4.440

Mathematics 2024, 12, 1681 16 of 17

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Saravanakumar, T.; Lee, T.H. Hybrid-driven-based resilient control for networked T-S fuzzy systems with time-delay and
cyber-attacks. Int. J. Robust Nonlinear Control 2023, 33, 7869-7891. [CrossRef]

Mohamed, M. BHARAT Decision Making Model: Harness an Innovative MCDM Methodology for Recommending Beneficial
E-Commerce Website. Multicriteria Algorithms Appl. 2024, 2, 53-64. [CrossRef]

Shao, Q.; Liou, ].J.H.; Weng, S.; Jiang, H.; Shao, T.; Lin, Z. Developing a comprehensive service quality model for online to offline
e-commerce platforms using a hybrid model. Electron. Commer. Res. 2024, 1-30. [CrossRef]

Baczkiewicz, A.; Kizielewicz, B.; Shekhovtsov, A.; Watrébski, J.; Satabun, W. Methodical Aspects of MCDM Based E-Commerce
Recommender System. . Theor. Appl. Electron. Commer. Res. 2021, 16, 2192-2229. [CrossRef]

Baczkiewicz, A. MCDM based e-commerce consumer decision support tool. Procedia Comput. Sci. 2021, 192, 4991-5002. [CrossRef]
Pratap, S.; Jauhar, S.K.; Daultani, Y.; Paul, S.K. Benchmarking sustainable E-commerce enterprises based on evolving customer
expectations amidst COVID-19 pandemic. Bus. Strat. Environ. 2022, 32, 736-752. [CrossRef] [PubMed]

Wang, C.-N.; Nguyen, N.-A.; Dang, T.-T.; Hsu, H.-P. Evaluating Sustainable Last-Mile Delivery (LMD) in B2C E-Commerce Using
Two-Stage Fuzzy MCDM Approach: A Case Study from Vietnam. IEEE Access 2021, 9, 146050-146067. [CrossRef]

Paji¢, V.; Kilibarda, M.; Andreji¢, M. A Novel Hybrid Approach for Evaluation of Resilient 4PL Provider for E-Commerce.
Mathematics 2023, 11, 511. [CrossRef]

Lu, Y.-H,; Yeh, C.-C,; Liau, T.-W. Exploring the key factors affecting the usage intention for cross-border e-commerce platforms
based on DEMATEL and EDAS method. Electron. Commer. Res. 2022, 23, 2517-2539. [CrossRef]

Alharbi, S.; Naderpour, M. E-Commerce Development Risk Evaluation Using MCDM Techniques. In Proceedings of the Decision
Support Systems VI-Addressing Sustainability and Societal Challenges: 2nd International Conference, Plymouth, UK, 23-25 May
2026; Volume 250, pp. 88-99. [CrossRef]

Li, R; Sun, T. Assessing Factors for Designing a Successful B2C E-Commerce Website Using Fuzzy AHP and TOPSIS-Grey
Methodology. Symmetry 2020, 12, 363. [CrossRef]

Yu, X.; Guo, S.; Guo, J.; Huang, X. Rank B2C e-commerce websites in e-alliance based on AHP and fuzzy TOPSIS. Expert Syst.
Appl. 2011, 38, 3550-3557. [CrossRef]

Anand, O.; Srivastava, P.R. A comparative gender based evaluation of e-commerce website: A hybrid MCDM approach. In
Proceedings of the 2015 Eighth International Conference on Contemporary Computing (IC3), Noida, India, 20-22 August 2015;
pp. 279-284.

Sohaib, O.; Naderpour, M.; Hussain, W.; Martinez, L. Cloud computing model selection for e-commerce enterprises using a new
2-tuple fuzzy linguistic decision-making method. Comput. Ind. Eng. 2019, 132, 47-58. [CrossRef]

Kang, D.; Jang, W.; Park, Y. Evaluation of e-commerce websites using fuzzy hierarchical TOPSIS based on E-S-QUAL. Appl. Soft
Comput. 2016, 42, 53—65. [CrossRef]

Sohaib, O.; Naderpour, M. Decision making on adoption of cloud computing in e-commerce using fuzzy TOPSIS. In Proceedings
of the 2017 IEEE International Conference on Fuzzy Systems (FUZZ-IEEE), Naples, Italy, 9-12 July 2017; pp. 1-6.
Nuengphasuk, M.; Samanchuen, T. Selection of Logistics Service Provider for e-Commerce Using AHP and TOPSIS: A Case Study
of SMEs in Thailand. In Proceedings of the 2019 4th Technology Innovation Management and Engineering Science International
Conference (TIMES-iCON), Bangkok, Thailand, 11-13 December 2019; pp. 1-5.

Torre, N.M.M.; Salomon, V.A.P;; Loche, E.; Gazale, S.A.; Palermo, V.M. Warehouse Location for Product Distribution by E-
Commerce in Brazil: Comparing Symmetrical MCDM Applications. Symmetry 2022, 14, 1987. [CrossRef]

Alwan, S.Y,; Hu, Y.; Al Asbahi, A.A.M.H.; Al Harazi, YK.; Al Harazi, A.K. Sustainable and resilient e-commerce under COVID-19
pandemic: A hybrid grey decision-making approach. Environ. Sci. Pollut. Res. 2023, 30, 47328-47348. [CrossRef] [PubMed]
Pinar, A. An integrated sentiment analysis and g-rung orthopair fuzzy MCDM model for supplier selection in E-commerce: A
comprehensive approach. Electron. Commer. Res. 2023, 1-32. [CrossRef]

Rahayu, R.; Day, J. Determinant Factors of E-commerce Adoption by SMEs in Developing Country: Evidence from Indonesia.
Procedia Soc. Behav. Sci. 2015, 195, 142-150. [CrossRef]

Ramanathan, R. A mathematical programming model for estimating the importance levels of performance criteria and an
application in e-commerce. Expert Syst. Appl. 2012, 39, 2067-2072. [CrossRef]

Ghobakhloo, M.; Tang, S.H. The role of owner/manager in adoption of electronic commerce in small businesses. J. Small Bus.
Enterp. Dev. 2013, 20, 754-787. [CrossRef]

Mohtaramzadeh, M.; Ramayah, T.; Jun-Hwa, C. B2B E-Commerce Adoption in Iranian Manufacturing Companies: Analyzing the
Moderating Role of Organizational Culture. Int. |. Human—Computer Interact. 2017, 34, 621-639. [CrossRef]

Lu, J. A Model for Evaluating E-Commerce Based on Cost/Benefit and Customer Satisfaction. Inf. Syst. Front. 2003, 5, 265-277.
[CrossRef]

Chiu, C.-Y,; Chen, S.; Chen, C.-L. An integrated perspective of TOE framework and innovation diffusion in broadband mobile
applications adoption by enterprises. Int. |. Manag. Econ. Soc. Sci. (IIMESS) 2017, 6, 14-39.

Al-Bakri, A.A.; Katsioloudes, M.I. The factors affecting e-commerce adoption by Jordanian SMEs. Manag. Res. Rev. 2015,
38,726-749. [CrossRef]

Pitchipoo, P.; Venkumar, P.; Rajakarunakaran, S.; Ragavan, R. Decision model for supplier evaluation and selection in process
industry: A hybrid dea approach. Int. J. Ind. Eng. 2019, 25, 186-199.


https://doi.org/10.1002/rnc.6801
https://doi.org/10.61356/j.mawa.2024.26761
https://doi.org/10.1007/s10660-023-09773-7
https://doi.org/10.3390/jtaer16060122
https://doi.org/10.1016/j.procs.2021.09.277
https://doi.org/10.1002/bse.3172
https://www.ncbi.nlm.nih.gov/pubmed/35942338
https://doi.org/10.1109/access.2021.3121607
https://doi.org/10.3390/math11030511
https://doi.org/10.1007/s10660-022-09548-6
https://doi.org/10.1007/978-3-319-32877-5_7
https://doi.org/10.3390/sym12030363
https://doi.org/10.1016/j.eswa.2010.08.143
https://doi.org/10.1016/j.cie.2019.04.020
https://doi.org/10.1016/j.asoc.2016.01.017
https://doi.org/10.3390/sym14101987
https://doi.org/10.1007/s11356-023-25456-0
https://www.ncbi.nlm.nih.gov/pubmed/36738419
https://doi.org/10.1007/s10660-023-09768-4
https://doi.org/10.1016/j.sbspro.2015.06.423
https://doi.org/10.1016/j.eswa.2011.08.011
https://doi.org/10.1108/jsbed-12-2011-0037
https://doi.org/10.1080/10447318.2017.1385212
https://doi.org/10.1023/a:1025645210350
https://doi.org/10.1108/mrr-12-2013-0291

Mathematics 2024, 12, 1681 17 of 17

39.

40.

41.

42.

43.

44.

45.
46.

47.

Abed, S.S. Social commerce adoption using TOE framework: An empirical investigation of Saudi Arabian SMEs. Int. J. Inf. Manag.
2020, 53, 102118. [CrossRef]

Mangiaracina, R.; Marchet, G.; Perotti, S.; Tumino, A. A review of the environmental implications of B2C e-commerce: A logistics
perspective. Int. J. Phys. Distrib. Logist. Manag. 2015, 45, 565-591. [CrossRef]

Choi, Y.; Gao, D. The Role of Intermediation in the Governance of Sustainable Chinese Web Marketing. Sustainability 2014,
6,4102-4118. [CrossRef]

Opricovic, S.; Tzeng, G.-H. Defuzzification within a multicriteria decision model. Int. J. Uncertain. Fuzziness Knowl. Based Syst.
2003, 11, 635-652. [CrossRef]

Si, S.-L.; You, X.-Y.; Liu, H.-C.; Zhang, P. DEMATEL Technique: A Systematic Review of the State-of-the-Art Literature on
Methodologies and Applications. Math. Probl. Eng. 2018, 2018, 3696457. [CrossRef]

Liu, F; Aiwu, G.; Lukovac, V.; Vukic, M. A multicriteria model for the selection of the transport service provider: A single valued
neutrosophic DEMATEL multicriteria model. Decis. Mak. Appl. Manag. Eng. 2018, 1, 121-130. [CrossRef]

Florentin, S.; Pramanik, S. New Trends in Neutrosophic Theory and Applications; Pons Editions: Brussels, Belgium, 2016; Volume 1.
Le Vo, V.D; Le, T.T,; Thanh, N.C.; Ngan, N.P.Q. Business Research—External Auditors on Thegioididong.com (A company
operated under Mobile World Investment Joint Stock Corporation). Int. |. Manag. Technol. Res. Stud. 2023, 2, 1.

Tien, N.H.; Anh, D.B.H.; Ngoc, N.M. The process of CRM system development at FPT Shop in Vietnam. Int. . Multidiscip. Res.
Growth Eval. 2021, 2, 464-470.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ijinfomgt.2020.102118
https://doi.org/10.1108/ijpdlm-06-2014-0133
https://doi.org/10.3390/su6074102
https://doi.org/10.1142/s0218488503002387
https://doi.org/10.1155/2018/3696457
https://doi.org/10.31181/dmame1802128l

	Introduction 
	Literature Review 
	Methodology 
	Research Framework 
	Fuzzy DEMATEL Weighting Method 
	NFAD Ranking Method 
	Neutrosophic Fuzzy Axiomatic Design (NFAD) 

	Discussion 
	A Case Study 
	Calculation of Criteria Weights with FDEMATEL 
	Ranking Alternatives with NFAD 
	Managerial Implications 

	Conclusions 
	References

