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Abstract: Stochastic modeling and data analysis, which address uncertainty and complexity in
business and industry, are important tools for optimizing decision-making processes. When it comes
to providing access to healthy food, the importance of decision-making becomes even more prominent.
In this work, the aim was to determine the criteria that healthy food businesses consider when choosing
business-to-consumer (B2C) e-marketplaces and to evaluate the performance of alternative platforms.
Nine main criteria were determined through a literature review and interviews with ten decision-
makers (DMs), as sellers. To overcome the limitations of traditional fuzzy sets in handling uncertainty
and inconsistent information, a hybrid decision-making method integrating interval-valued
neutrosophic sets (IVNSs) with the stepwise weight assessment ratio analysis (SWARA) and
evaluation based on distance from average solution (EDAS) methods was applied. Unlike existing
approaches, this methodology better addresses expert uncertainty and inconsistency by simultaneously
handling membership in truthiness, uncertainty, and falsity within an interval. Interval-valued
neutrosophic (IVN)-SWARA was used to weight the selection criteria for e-marketplace platforms,
and these weights were used to rank the platforms using IVN-EDAS. The findings show that
integration capacity, site traffic density, and cost-effectiveness are the most important criteria in e-
marketplace selection, while ease of membership and platform design usability were the least
important. Theoretically, this research fills a gap in the literature by addressing B2C e-marketplace
selection from the seller's perspective and better handles inconsistencies compared to standard fuzzy



sets using [VN fuzzy sets. In addition, the proposed approach offers special solutions for healthy food
businesses and sheds light on advanced research for other sectors and regions.
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1. Introduction

E-commerce is a digitalized version of commerce, offering new opportunities for businesses, and
is of strategic importance in today’s economy. E-commerce has been growing rapidly since the
invention of the Internet. More than five billion people now use the internet, and global retail e-
commerce sales are expected to surpass 4.3 trillion dollars by 2025 [1].

While e-commerce has been growing and is expected to revolutionize economies, e-marketplaces
play an important role in this transformation. Transactions such as information sharing, purchasing,
and selling are carried out between various sellers and buyers through these digital platforms. Online
marketplaces have represented the biggest portion of global online purchases since 2024 [1], and online
marketplaces, such as Alibaba, eBay, or JD.com, made up nearly 30% of online shopping orders
worldwide [2]. These electronic environments, which are similar to the functions of physical
marketplaces, provide higher efficiency with up-to-date information, support services, and ease of
transaction provided by the digital infrastructure [3]. Businesses, customers, and governments can be
the participants of e-marketplace transactions, and accordingly, nine e-marketplace types (i.e.,
business-to-business (B2B), business-to-consumer (B2C), business-to-government (B2G), consumer-
to-business (C2B), consumer-to-government (C2G), consumer-to-consumer (C2C), government-to-
business (G2B), government-to-consumer (G2C), government-to-government (G2G)) can be
generated (Naujoks, 2020). In this study, B2C e-marketplaces will be the focus.

Considering B2C e-marketplaces, studies in the literature mostly focus on which e-marketplaces
consumers prefer and why. However, the number of studies investigating the reasons for businesses’
preferences is quite low [4]. Especially when it comes to examining different businesses with respect
to the different product categories they offer, academic research is observed to be even rarer. Therefore,
this study focuses on the businesses offering healthy food, since selecting the right e-marketplace is
crucial for them in terms of their visibility, cost, and functionality, as well as the user experience they
offer to their consumers.

Healthy food consumption can be identified as one of the ways to achieve healthy living, eliminate
obesity, and improve people’s quality of life. Examples of products in the healthy food category
include organic fruits and vegetables, plant-based milk, gluten-free products, high-protein snacks, and
sugar-free alternatives to desserts, among others. Numerous attempts have been made to promote
healthy food consumption. One such attempt is to make them more affordable, available, and easier to
obtain, so that consumers can be more willing to buy and consume healthy food.

With so many retailers adopting e-commerce, there are also efforts to promote healthy food
consumption through e-marketplaces. Various studies examined consumer behavior and motivations
to develop an understanding of factors inclining them toward online grocery shopping, fresh food,
and/or the purchase of healthy food (e.g., [5-9]). Accumulated research has found that consumers’
shopping habits change toward the preference of e-commerce platforms, as they are more time-saving
and convenient.

This research examines the key criteria to consider when choosing B2C e-marketplaces,
considering the dynamics specific to the healthy food sector. Choosing the right e-marketplace is not
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just about listing products but also requires a detailed evaluation of a number of criteria, making it a
critical factor for the success of businesses. This focus is especially necessary since such businesses
must choose the right e-marketplace to ensure their products reach consumers safely and meet legal
requirements. The wrong choice is not only limited to sales losses; it can damage brand reputation and
negatively affect consumer trust in a sector that places great importance on health and well-being. It
can be expected that these retailers will tend to prefer e-marketplaces that stand out in terms of high-
quality customer service, positive user reviews, and reliability.

As mentioned earlier, studies examining the business side and their motivations for the selection
of e-marketplaces appear to be comparatively low. To the knowledge of the authors, there has been no
research focusing on the selection of e-marketplaces by healthy food businesses. In order to fill this
research gap, this study aims to evaluate the e-marketplaces of the sellers doing business and to
determine the criteria to be considered in the selection of these e-marketplaces for businesses selling
healthy foods. Multi-criteria decision-making (MCDM) is used because it helps when there is no single,
clear best choice for the decision-maker, meaning each alternative performs well on some criteria but
falls short on others [10]. The nine main criteria are determined for the e-marketplace selection of
businesses selling healthy foods through a literature review and interviews with ten DMs, who have
been selling in e-marketplaces for a long time. Using the criteria obtained, seven e-marketplaces
operating in Tiirkiye are evaluated. A hybrid fuzzy MCDM model is used, based on interval-valued
neutrosophic stepwise weight assessment ratio analysis (IVN-SWARA) and interval-valued
neutrosophic evaluation based on distance from average solution (IVN-EDAS) techniques. The reason
for choosing this method is that it utilizes the benefits provided by interval-valued neutrosophic sets
(IVNSs) in addressing uncertainties and inconsistencies of experts in decision-making processes [11].
On the other hand, the SWARA method is one of the most effective methods for determining the
weights of the criteria, which attracts attention due to its simplicity, ease of application, and time
saving [12,13]. EDAS technique, on the other hand, is preferred because it minimizes the effect of
biased decisions and manages conflicting criteria effectively in decision environments involving
uncertainty and imprecision [14,15].

The findings of this research reveal that the most remarkable criteria in the selection process are
the integration capability of the site, site traffic density, and affordability of site costs. On the other
hand, the least significant criteria are the usability of platform design, the ease of membership
conditions, and the ability of sellers and consumers to interact with the site. Considering the preferred
alternatives of B2C e-marketplaces, Trendyol, Hepsiburada, and Amazon are the most preferred,
whereas Aliexpress, N11, and Shopier are the least preferred e-marketplaces of healthy food businesses.

2. Literature review

B2C e-marketplaces are platforms that help businesses sell their products, receive sales,
conversion, and traffic data in real-time, and enable consumers to explore millions of products, access
detailed feature descriptions and customer reviews, and engage in promotions, negotiations, ordering,
and payment processes between sellers and buyers [16]. Various studies on e-marketplaces have been
carried out using different methods to evaluate these platforms.

While previous research mostly focused on e-marketplace selection criteria from the customers’
point of view, studies investigating the sellers’ point of view are comparatively rare. Being one of the
earliest in this research domain, Stockdale and Standing [17] content analyzed over 100 practitioner
articles and identified three critical decision-related issues relating to the selection of an electronic
marketplace: internal company factors, business drivers, and facilitators that contribute to the probable
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success of an e-marketplace. Using the hesitant fuzzy linguistic analytic hierarchy process (AHP)
method to determine the importance levels of the criteria that businesses use when choosing among
B2C marketplaces, Kahraman et al. [3] identified 7 main criteria, namely cost, support, store interface
capabilities, reporting/analytics, payment systems, ease of use, and site traffic, and 21 sub-criteria. [ 18]
addressed the sellers’ alternatives in three e-marketplaces by combining VIKOR with the SMARTER
method for MCDM, taking into account the number of products sold, product price, number of five-
star reviews, seller rating, and location distance as selection criteria. With an aim to develop and
validate a scale to measure sellers’ experience with e-commerce platforms, Kumar, Sikdar, and
Saha [19] identified six major dimensions: product listing, registration, ease of pick-up and delivery,
pricing autonomy, credit of receivables, assistance, and vendor. Akman, Boyaci, and Kurnaz [20]
determined 2 main and 8 sub-criteria that are significant in choosing the right e-marketplace and
evaluated 8 alternative marketplaces (i.e., Trendyol, Bol, Flipkart, Allegro, Alibaba, Rakuten, Amazon,
and Etsy) using neutrosophic fuzzy AHP and EDAS methods. The top three criteria for selecting an e-
marketplace were identified as monthly fees charged by the platform, commission rates, and supported
channel features. Among the eight evaluated e-marketplaces, Amazon ranked highest in preference.
On the other hand, Caglar [21] surveyed 392 sellers having stores in e-marketplaces and found out that
the awareness level of the e-marketplace, commission rate, customer services, advertising activities,
payment terms, operational costs, and analytical data are the most important factors while selecting an
e-marketplace. Putri and Setiono [23] compared two B2C marketplaces with respect to price, product,
place, promotion, people, physical facilities, and process from the sellers’ point of view. A recent study
undertaken by Bing06l and Karaarslan [4] examined the factors that are important in businesses' e-
marketplace selection and the degree of importance of these factors. Four main factors (financial,
strategic, organizational, and technological factors) and 15 sub-criteria were identified as a result of
the evaluations made among the three most visited e-marketplaces using the AHP method. They
emphasized that financial factors (especially commission rates) are the most critical factors for e-
marketplace selection.

Table 1 shows the summary of academic research with respect to authors, method of analysis,
research focus, publication year, and the number of criteria examined. Accordingly, while research has
covered this topic mostly within the last three years, the majority of the research about e-marketplace
selection has been published with a focus on consumers. On the other hand, studies investigating sellers’
points of view while selecting e-marketplaces are fewer and were mostly examined with fewer criteria
than the research focusing on consumers.
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Table 1. Overview of academic studies on e-marketplaces.

Reference Method of analysis Focus #Criteria

[17] Content analysis Sellers 4 main, 18 sub
[24] Fuzzy Delphi Sellers 3 main, 9 sub
[25] AHP, ANP Consumers 4 main, 22 sub
[26] SWARA, WASPAS Consumers 11 main

[3] Hesitant fuzzy linguistic AHP Sellers/experts 7 main, 21 sub
[27] PCA Consumers 3 main, 27 sub
[28] AHP, TOPSIS Consumers 7 main

[29] WASPAS, SWARA Consumers 8 main

[20] NF AHP, EDAS Sellers 2 main, 8§ sub
[21] Descriptive statistics Sellers 7 main

[30] AHP, MAIRCA Consumers 5 main,23 sub
[31] DANP, TOPSIS Consumers 4 main,12 sub
[32] MCDM, DEMATEL, EDAS Consumers 10 main

[33] Fuzzy TOPSIS Consumers 6 main

[34] PCA Consumers 7 main

[4] AHP Sellers 4 main, 15 sub

AHP: Analytic hierarchy process; ANP: Analytic network process; DANP: DEMATEL-based analytic network process;
DEMATEL: Decision-making trial and evaluation laboratory; EDAS: Evaluation based on distance from average
solution; MAIRCA: Multi-attributive ideal-real comparative analysis; MCDM: Multi-criteria decision-making; NF
AHP: Neutrosophic fuzzy analytic hierarchy process; PCA: Principal component analysis; SWARA: Stepwise weight
assessment ratio analysis; TOPSIS: Technique for order preference by similarity to ideal solution; WASPAS: Weighted

aggregated sum product assessment.

Academic studies concerning authors, methodologies, research focuses, and criteria are
summarized in Table 1. Two significant gaps emerge from the studies in this table.

Looking at existing studies, many authors have focused on the consumer perspective. There are
very few studies that look at the seller perspective. However, the AHP technique, one of the traditional
successful methods, is the dominant methodology. Many publications have been made on methods
developed with fuzzy sets using this technique. However, these traditional approaches generally lack
the ability to fully model uncertainty and hesitation in complex decision-making processes. This
necessitates advanced decision sets, such as the IVN approach proposed in this study, to fill this
methodological gap.

3. Methodology

The decision-making process involves many uncertainties due to insufficient and incomplete
information, abstract concepts, and linguistic expressions of decisions. Fuzzy sets have been proposed
to efficiently tackle such uncertainty [23]. Fuzzy sets were later developed as interval-valued fuzzy
sets to assign more values to the degree of membership [35]. It was developed by Atanassov [36] to
include both membership and non-membership information. However, these sets did not give the
desired results in representing uncertainty [37].

Neutrosophic sets, which are an improved version of intuitionistic fuzzy sets (IFSs), are
represented by the degree of membership, each of which is defined over the interval (0, 1), with the
total of the lower bounds of all parameters not exceeding three. These parameters are the degree of
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membership, the inconsistency, and the degree of non-membership. As can be understood from these
parameters, neutrosophic clusters contain uncertain and inconsistent information. Fuzzy sets contain
incomplete and imprecise information. However, if the information obtained is both inconsistent and
contradictory, both fuzzy sets and neutrosophic sets are insufficient to evaluate the information. For
this reason, a hybrid version of both sets has been developed [38].

This research employs IVNSs to support decision-making processes in inconsistent and uncertain
environments. In addition, the IVN-SWARA method is used to determine the importance of the criteria,
and the IVN-EDAS method is utilized to rank the alternatives. In the rest of this section, the
preliminaries of [VNSs will be explained. Then, the IVN-SWARA and EDAS methodology will be
explained.

3.1. Fundamentals of IVNSs

Definition 1. Eq (1) demotes N(x), which stands for an IVN number (IVNN) denoted by three
parameters. These are the membership Ty (x), indeterminacy Iy (x), and non-membership Fy (x), such

that they take wvalue in the interval [0, 1], where Ty = [T fo),TNE]x) c [o, 1]],IN(x) =

[IN(X),I u c[o1]] andFN(x)—[F FU [01]]

N(x) — N(x)’" Nx) —
L U L U
NG = {(x [TN(x)'TN(x)]' IN(x)'IN(x)]' [FN(x) N(x)]”x e x} (M

. L mUl [;L ;U L U L mUl [;L ;U L pU
Definition 2. Let a = [T}, T | [I;, 1] [F.,F land b=[T ., T ].[1;.1,].[F;.F}] be two
IVNNSs. Using these numbers, mathematical calculations are made below [39]:

_ ([Ti,TZ],[l—Ii,l—IZ],[FE,FZ]), )

a b’

— L L LpL u U UmpmU L U UpU
a®b=(T.+ T, —T.T, , TO+T —T.T |11, 1VI[FLF, ,FUF})), 3)
LLu U UU
A

ab'abab)

[TLTL TUT ] [I L —1
b’ b
L L L L U U Uu U
[F + F —F F ]
a b b’
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JF +F —-F F
+b a b

Definition 3. The n-dimensional IVNN weighted averaging (IVNNWA) operator, denoted by Y =
(Y1, -» Yir -» Yn), as the weight vector in Eq (5), is employed to sum n IVNNs, where O/, y; = 1)
[40]:

IVNNWAQR,, oy Xy e Xn) = Ty, = (1 =TT (1= T4 1 = T, (1 - 5)
T I (1) T, (1)) [T (P ) T (F ) ]

Definition 4. The deneutrosophication of an IVNN can be done through Eq (6) [12]:
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(T5+TZ)+<1_(1g+1;{)>(1U)_((F5+FZ)><1_FU) | (6)

2 2 A 2 A

3.2. SWARA technique

The SWARA technique is a reliable subjective approach to assessing the significance of
criteria [41]. This method is easier to understand and apply than other important determination
techniques. This method produces a compromise solution by using individual decisions made directly
by DMs [12, 42]. The application of this method consists of several steps. First, it ranks the criteria in
descending order of importance. Subsequently, the relative importance value and the comparative
importance value are calculated. Then, comparative coefficients are computed. Finally, revised criteria
weights are found.

In the following, the execution steps of the classical SWARA technique are described:

Step 1. Depending on the objective of the problem, a set of criteria is created.

Step 2. Criteria in the given set are from highest to lowest priority.

Step 3. A relative value x, between [0, 1] is allocated to each criterion (0 = 1, ...,m).
Step 4. The criteria's relative importance is calculated using Eq (7):

_ O; 0= 1,
So = {xo—l —X o0>1 7

Step 5. The comparison coefficient of each criterion is determined using Eq (8):

(1 0=1,
ko = {SO +1, o>1. ®)

Step 6. Now, the revised weights are obtained through Eq (9):

1, o=1,
9o = {% o> 1. )

Step 7. The final criteria weights of the criteria are obtained and normalized using Eq (10):

90
D01 do (10)

Wy =

3.3. Fuzzy EDAS technique

The EDAS model was first proposed by Ghorabaee et al. [43] and later extended by Wang et
al. [44] to trapezoidal fuzzy numbers (FNs) and adapted to fuzzy decision-making environments. This
method evaluates the suitability of decision alternatives using two distance measures: average positive
distance (PDA) and average negative distance (NDA). Alternatives with a high PDA value and a low
NDA value are considered to be the most suitable. The EDAS model provides more consistent results
by taking into account the elements of uncertainty and the intangible dimensions in the DMs’
judgments, compared to the common MCDM models such as ELimination and Choice Expressing
Reality (ELECTRE), VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR), Technique
for Order Preference by Similarity to Ideal Solution (TOPSIS), Grey Relational Analysis (GRA),
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Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE), Interactive
Multi-Criteria Decision-Making (TODIM), and Multi-Objective Optimization by Ratio Analysis plus
the Full Multiplicative Form (MULTIMOORA) [14]. Moreover, this method has attracted wide
attention due to its ability to produce effective results when dealing with conflicting criteria. By
computing the average value for each criterion, the final ranking is established, thus reducing the
uncertainty in the evaluations and minimizing the effect of bias [14].

In the following, the execution steps of fuzzy EDAS will be explained. Let us assume that we
have H DMs; D = {D,,D,,...,Dy, ..., Dy}, m decision criteria C = {Cy,C5, ..., C,, ...,C,,}, and n
alternatives X = {X;, X5, ..., X, ..., X, }. Let all DMs have the same weight.

Step 1. Linguistic assessments are obtained from the DMs about the significance of the criteria and
the performance of the alternatives based on the specified criteria. These linguistic assessments are
subsequently represented using the equivalent FNs.

Step 2. The aggregated decision matrix is computed using Eqgs. (11) and (12):

X9 = [Xiolmxns (11)
1 H
Xio =77 @ Xiok- (12)
KHh -1

Here, X;, is the FN corresponding to the linguistic evaluation of alternative i according to criterion o
by DM h.

Step 3. The criteria weight matrix is determined using Eqs. (13) and (14):

W = [Wo]1xn, (13)
1 H
W, =ﬁ D Won. (14)
h=1

where W, refers to the corresponding FN of the linguistic evaluation provided by DM h, taking into
account the contribution of criterion o to the decision-making problem’s objective.

Step 4. Taking into account the DMs with equal weight, the performances of each alternative according
to various criteria are calculated by taking their fuzzy averages. As a result of this step, the average
solution (AV) matrix is formed based on Eqgs. (15) and (16):

AV = [@V]1xn, (15)

1 n
aTJOZ; D . (16)

Step 5. Egs. (17)—~(20) are employed to compute the positive distance to the AV (PDA) and the negative
distance to the AV (NDA) for each alternative, taking into account the criterion type:

PDA = [pday,] (17)

NDA = [ndag,] . (18)
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pda;; = $(av,) 19
Y (p(flTJo efio) ifoeC ( )
@, ' '
(p(aﬁo? J?io) ifoe B,
nda;; = { 5(av) 20
TG Om) (20)
$(av,) '

The function ¢(.) yields a fuzzy zero 0, when the fuzzified input value is at most zero; otherwise,
it returns the input value as is. The function $ performs the blurring of this input.

Step 6. Egs. (21) and (22) compute the weighted sum of the PDA and NDA per alternative,
respectively:

m —_—
@ (Wo ® pdaio): (21)

o=1

5D;
m —_—~
snp= @D (W, ®nday,). (22)

o=1

Step 7. Egs. (23) and (24) normalize the weighted sum of the PDA and NDA obtained in the previous
step, respectively:

nsp; = —Spi~ ) (23)
max($(70)

=1 M

nsn; = max ® (ﬁli)). (24)

Step 8. The evaluation score for each alternative is obtained by calculating the fuzzy mean of 7115p; and
nsn,;, as follows:

1
as; = E(n’?pi @ nsn;). (25)

Step 9. The alternatives are prioritized from high to low on the basis of their evaluation scores.
3.4. IVN-SWARA and IVN-EDAS

Here, two main stages are provided to describe the IVN-SWARA and IVN-EDAS. Data are
collected from DMs in the first stage, and then the weights of the criteria are identified by the SWARA
technique. The IVN-EDAS model is utilized to assess the alternatives in the second stage. The
execution steps of this hybrid methodology are described in detail below [45]:

Phase 1: IVN-SWARA
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Step 1. The sets of criteria and alternatives are specified. The DMs’ weights are determined for A;, =
A1) s Ay e Ag), h =1,...,H.

Step 2. For each criterion and each alternative, DMs make a linguistic evaluation.

Step 3. With the help of the linguistic scales outlined in Table 2, the linguistic evaluations assigned to
each criterion and alternative are converted into IVNNs. The IVN criterion weights matrix and decision
matrices are generated as follows:

W = [wonlixn (h=1,..,H), (26)

X= [xioh]mxn (h = 11 ,H) (27)

Table 2. Linguistic scale used to evaluate criteria and alternatives [28].

Linguistic terms for ~ Code Linguistic term for Code (T,I,F)

evaluating evaluating criteria

alternatives

Certainly low CL  Certainly low importance VLI ([0.05,0.21,[0.6,0.7],[0.75,0.9])

Very low VL  Very low importance LI ([0.15,0.31,[0.5,0.6],[0.65,0.8])

Low L Low importance SLI ([0.25,0.4],[0.4,0.5],[0.55,0.7])

Below average BA  Below average MI ([0.35,0.5],[0.3,0.4],[0.45,0.6])
importance

Average A Average importance SHI ([0.40,0.6],[0.1,0.2],[0.40,0.6])

Above average AA  Above average HI ([0.45,0.6],[0.3,0.4],[0.35,0.5])
importance

High H High importance VHI ([0.55,0.71,[0.4,0.5],[0.25,0.4])

Very high VH  Very high importance AHI ([0.65,0.81,[0.5,0.6],[0.15,0.3])

Certainly high CH  Certainly high CHI ([0.75,0.91,[0.6,0.71,[0.05,0.2])
importance

Step 4. Employing the INNWA operator specified in Eq (5), the IVN matrix in Eq (26) is aggregated,
resulting in the IVN criteria importance matrix shown by Eq (28):

Wagg = [Wo]lxn' (28)

Step 5. The deneutrosophication function in Eq (6) is used to determine the criteria weights. The
resulting score value is denoted as c,.
Step 6. The obtained score values ¢, are sorted in descending order for relative comparison.
Step 7. Eq (29) computes the comparative weight of each criterion (s,):

{O, o=1,

S.
Co—1 — Co» o> 1.

j (29)

Step 8. Using the values obtained in the previous step, the comparison coefficients k, of the criteria
are calculated by Eq (30):

_ 1; 0 = 1,
k= {so +1,  o>1 (30)

Step 9. The weights g, of each criterion are revised using Eq (31):

1, o=1,
Go = {qk_ 0> 1. (31)
o
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Step 10. The weights of each criterion are revised using Eq (31). After normalizing the revised weights
with Eq (32), the final criterion values needed for the next stage are determined:

W = 4o 5
°T e G2
Phase 2: IVN-EDAS

Step 11. The decision matrices are normalized depending on the type of criterion [33]. The IVN matrix
of the DM is organized by Eq (33):

L Uyr L Uy[.L U,
<[Tio'Tio]' [Iio'lio]'[Fio'Fio]>' if 0 €B,
X' = [Xionlmxn = I U L U L U (33)
q., .}P.J.LPﬂ,Tlx if o €C.
io” iol'l io" io io” io
Step 12. Eq (5) aggregates the IVN decision matrices in order to construct the matrix Xjg,, represented

by Eq (34):
Xbgg = [Xi0] (34)
Step 13. Using Eq (35), the AV for each criterion is obtained [33]:

AV = [V, = (|1~ T (1= T "1 T (1T i‘f,)%] |y G f!,)%] :
|1, £ Ttz 27}

Step 14. The PDA and NDA of each alternative to the AV are computed through Egs (36) and (37),
respectively [33]:

(35)

max| 0,( D xl-,o -D(4V,)

PDA = [PDAjo]mxn = { < ( CD((AV)O) )>}’ (36)
max| 0,{ D(AV,)—D xi)o

NDA = [NDAjolmxn Z{ ( ( D(AV,) ( ))>} (37)

Step 15. The sum of positive distance of each alternative (SP;) and the sum of negative distance of
each alternative (SN;) are obtained with the help of Eqs (38) and (39), respectively:

m
SPi = Z WOPDAiO' (38)
o=1
m
SN; = Z w,NDA;,. (39)
o=1

Step 16. The sum of positive distances and the sum of negative distances are normalized using Eqgs.
(40) and (41), respectively:
SP,

NSP; = W, (40)
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NSN; =1—

SN,
max(SN;)'
L

(41)

Step 17. The appraisal score (4S) of each alternative is obtained by Eq (42), taking into account the
normalized sum of the positive distances (NSP;) and negative distances (NSN;). The values obtained
are prioritized in descending order. A high score indicates that the alternative will be preferred.

1
AS; =5 (NSP; + NSN,).

4. Real-world case

4.1. Problem statement

(42)

The problem addresses the criteria that healthy food companies should pay attention to when
selling their products online and the evaluation of potential e-commerce platforms.

Table 3. DMs and their weights.

Code Position Products Weights
DM 1 Founder of the brand Spices, herbal teas, herbal oils, and dried fruits 0.1
without irradiation, additives, or preservatives.
DM 2 Food engineer/founder Additive-free, natural, and sustainable pasta, sauces, 0.1
of the brand spices, vegetable mixes, allergy-free products,
supplementary foods, and snacks.
DM 3  Founder of the brand 100% peanut and hazelnut butter without additives, 0.1
preservatives, and refined sugar.
DM 4 Sales and digital Natural herbal teas in high-quality, microplastic-free 0.1
marketing specialist muslin cloths.
DM 5 Digital marketing Sports foods and supplements, such as protein 0.1
specialist powders and vitamins.
DM 6 Marketing Manager Gluten-free products, protein bars, and healthy 0.1
snacks.
DM 7 E-commerce Manager  Gluten-free, plant-based, vegan, organic, healthy 0.1
snacks and foods, including raw cacao, almond flour,
100% peanut butter, and oatmeal.
DM 8 Founder of the Healthy legumes, raw buckwheat, chia seeds, etc. 0.1
brand/sales engineer
DM 9 Marketing specialist Whole grain bread, healthy crispy bread, and crispy 0.1
sandwiches.
DM 10 Founder of the brand Healthy lavash from natural flours such as wheat 0.1

flour, bran flour, and oat flour.

In this work, potential DMs were carefully evaluated on the basis of their titles within the
company and their sectoral experience. The resulting group of 10 experts consists of professionals
well-versed in e-commerce, including a brand founder, food engineer, sales and digital marketing
specialist, marketing manager, E-commerce manager, sales engineer, and marketing specialist.
Although our experts have different titles and roles, they share similar knowledge and experience in
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areas such as selecting B2C e-marketplaces for healthy food businesses. Therefore, to avoid any
subjective hierarchical bias and to reflect the collective trend of the sector as objectively as possible,
all DMs have been assigned equal weight (0.1), as presented in Table 3.

To compile the set of criteria, relevant criteria were initially identified through an extensive review
of the literature. Afterward, the set of criteria was finalized through a screening process carried out by
the company’s managers and staff. This screening involved excluding criteria that were redundant or
contradictory. Table 4 presents the descriptions and types of the selected criteria. Following the
identification of the relevant criteria, seven potential e-marketplaces were chosen by consulting the
DMs—Trendyol, Hepsiburada, Aliexpress, Amazon, N11, Shopier, and Ciceksepeti—which are
labeled as Alt. 1-7. Four of these alternative e-marketplaces are national, and 3 are international.

Table 4. Criteria and their types.

Criterion Definition Type
Cri. 1: Site traffic density Number of visitors, number of visits, time spent on  Benefit
the site

Cri. 2: Ability of sellersand ~ Commenting on products, favorites, site reputation, Benefit
consumers to interact with the product comparison, giving titles to sellers

site

Cri. 3: Integration capability of Product, order, accounting, API integration Benefit
the site

Cri. 4: Infrastructure strength ~ Security (such as SSL, 3D Secure), site opening Benefit
of the site speed, ability to receive detailed sales reports, and

payment infrastructure
Cri. 5: Ease of membership Membership options for buyers: elite member, VIP  Benefit

conditions of the site member, sales contract terms, and ease of contract
termination

Cri. 6: Financial structure and ~ Site’s annual turnover is high, the site works with a Benefit

facilities variety of banks, it offers discounts and coupons to

sellers, it is open to international sales, and site
offers a variety of payment options.
Cri. 7: Shipping and delivery  Low shipping fee paid by the seller, the variety of  Benefit

capability of the site shipping companies the site works with, and the

correct and timely delivery.
Cri. 8: Usability of platform  Site design is easy to use and understandable Benefit
design
Cri. 9: Affordability of site Low sales commission rates, monthly fees paid to ~ Benefit
costs the site for making sales, and customs tax rates

The selection of these seven platforms (Trendyol, Hepsiburada, Aliexpress, Amazon, N11, Shopier,
and Cigeksepeti) is based on their market share dominance, high website traffic volumes, and the fact
that they are the platforms preferred by most sellers and buyers. Platforms such as Trendyol,
Hepsiburada, N11, and Amazon were selected due to their high market shares, while Cigeksepeti is the
leading platform in the edibles and gourmet products segment. Shopier was selected as a new platform
due to its ease of access. Finally, Aliexpress was included to represent a global cross-border platform.
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4.2. Numerical application

The decision-making methodology described in the previous section will be used for the selection
of an internet vendor platform for healthy food producers. The seven alternative internet e-marketplace
platforms were selected. DMs select the e-marketplace platform suitable for healthy food sales
according to nine criteria.

Stage 1: Preparation procedure and SWARA

Steps 1 and 2. Decision criteria and alternatives were denoted, and the weights of the DMs were set
equal. Employing the linguistic scales outlined in Table 2, the linguistic evaluation assigned to each
criterion and alternative by the DMs is shown in Table 5.

Table 5. Linguistic evaluations of the DMs regarding the criteria.

Criterion DM1 DM2 DM3 DM4 DMS5 DM6 DM7 DM8 DM9 DMIO

Cri. 1 AA VH VH CH H VH VH VH CH VH
Cri. 2 H VH AA CH H AA VH CH VH VH
Cri. 3 CH H H CH VH VH VH VH VH CH
Cri. 4 AA VH H CH H VH VH AA H AA
Cri. 5 A H A VH A A H AA VH A

Cri. 6 A AA H VH H H H AA VH H

Cri. 7 VH H H CH H H H VH VH VH
Cri. 8 CH CH AA CH AA A H VH AA AA
Cri. 9 AA VH H CH AA VH VH VH CH VH

Steps 3-5. Using the linguistic scales in Table 2, DMs’ judgments were converted into [VN numbers.
DM opinions on criterion importance are merged with the INNWA operator defined in Eq (5) to
build up a single IVN matrix. Table 6 presents the deneutrosophicated score values (c, ) calculated
for each criterion with this matrix.

Table 6. Criteria’s aggregated IVN matrix.

Criterion (T,1,F) D(4)
Cri. 1 <[0.649,0.8061,[0.482,0.583],[0.138,0.300]> 0.847
Cri. 2 <[0.576,0.7391,[0.000,0.000],[0.000,0.000]> 0.658
Cri. 3 <[0.667,0.8241,[0.505,0.606],[0.119,0.281]> 0.871
Cri. 4 <[0.582,0.7411,[0.409,0.5111,[0.202,0.366]> 0.757
Cri. 5 <[0.496,0.6711,[0.203,0.321],[0.295,0.473]> 0.618
Cri. 6 <[0.542,0.698],[0.344,0.4531,[0.253,0.411]> 0.697
Cri. 7 <[0.616,0.7711,[0.455,0.556],[0.174,0.333]> 0.800
Cri. 8 <[0.538,0.7131,[0.000,0.0001,[0.000,0.000]> 0.625
Cri. 9 <[0.633,0.792],[0.458,0.560],[0.150,0.315]> 0.828

Steps 6—10. Criteria weights are ranked from high to low. Score values, revised weights, comparative
coefficient, comparative significance values, and final criteria weights acquired from intermediate
calculations are outlined in Table 7.
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Table 7. Findings of the SWARA technique with the final weights of the criteria.

Criterion  Score values Comparative Comparative  Revised weights Final criteria
(c,) significance values (s,) coefficient (k,) (q,) weights (w,)

Cri. 3 0.871 0.019 1.019 0.958 0.125

Cri. 1 0.847 0.000 1.000 1.000 0.122

Cri. 9 0.828 0.007 1.007 0.78 0.120

Cri. 7 0.800 0.039 1.039 0.811 0.117

Cri. 4 0.757 0.028 1.028 0.932 0.112

Cri. 6 0.697 0.060 1.006 0.843 0.106

Cri. 2 0.658 0.024 1.024 0.976 0.102

Cri. 5 0.618 0.043 1.043 0.894 0.098

Cri. 8 0.625 0.032 1.032 0.786 0.098

The three most important criteria are Cri. 3 (integration capability of the site), Cri. 1 (site traffic
density), and Cri. 9 (affordability of site costs). Cri. 3 tops the list with a weight of 0.125 and
emphasizes that the integration capability of a site plays a critical role in e-marketplace selection. Cri.
1 ranks second with a weight of 0.122 and shows how important the traffic density of an e-marketplace
is in terms of its potential to attract customers. Cri. 9 ranked third with a weight of 0.120, which shows
that cost management is a determining factor in decision-making processes.

The three least important criteria are Cri. 8 (usability of platform design), Cri. 5 (ease of
membership conditions of the site), and Cri. 2 (ability of seller and consumer to interact with the site).
Cri. 8, with a weight of 0.098, shows that the user-friendliness of the platform design is considered
less prioritized than the other criteria. Similarly, Cri. 5, with a weight of 0.098, shows that the simplicity
of membership conditions has a lower influence on the decision-making process. Cri 2, with a weight
0f 0.102, indicates that the interaction between the seller and the consumer is less prioritized compared
to other criteria.

Stage 2: IVN-EDAS

Steps 11-13. The IVN decision matrices are first normalized according to Eq (6) and then combined
to produce the aggregated decision matrix. Next, the AV is calculated using Eq (35) and detailed in
Table 8.

Table 8. AV and the corresponding deneutrosophicated value.

Criterion (T,1, F) D(4)
Cri. 1 <[0.564,0.7341,[0.361,0.472],[0.204,0.385]> 0.743
Cri. 2 <[0.531,0.702],[0.352,0.464],[0.240,0.420]> 0.700
Cri. 3 <[0.543,0.7141,[0.335,0.450],[0.229,0.410]> 0.713
Cri. 4 <[0.556,0.726],[0.302,0.4211,[0.222,0.400]> 0.723
Cri. 5 <[0.558,0.725],[0.352,0.463],[0.218,0.393]> 0.730
Cri. 6 <[0.548,0.7141,[0.324,0.4371,[0.231,0.405]> 0.713
Cri. 7 <[0.505,0.6701,[0.317,0.429],[0.279,0.449]> 0.656
Cri. 8 <[0.519,0.6931,[0.326,0.4401,[0.248,0.433]> 0.684
Cri. 9 <[0.467,0.644],[0.230,0.345],[0.310,0.496]> 0.598

Step 14. The PDA and NDA of each alternative to the AV are obtained.
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Steps 15 and 16. The weighted sum of positive distances (SP;), the weighted sum of negative distances
(SN;), the normalized positive distance (NSP;), and the normalized negative distance (NSN;) values
are calculated in these steps and presented in Table 9.

Table 9. SP;, SN;, NSP;, and NSN; of the alternatives.

Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Alt. 7
SP 0.255 0.113 0.000 0.074 0.001 0.000 0.008
NP 0.000 0.000 0.094 0.029 0.145 0.296 0.058
Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Alt. 7
NSP 1.000 0.443 0.001 0.289 0.004 0.000 0.030
NSN 1.000 1.000 0.682 0.900 0.509 0.000 0.804

Step 17. The AS values of each alternative are displayed in Table 10.

Table 10. AS values computed for the alternatives.

Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Alt. 7
AS 1.000 0.721 0.342 0.595 0.256 0.000 0417
Rank 1 2 5 3 6 7 4

The alternatives are arranged in the following order: Alt. 1 > Alt. 2 > Alt. 4 > Alt.7 > Alt. 3 >
Alt.5 > Alt. 6. According to the suggested hybrid model, Alt. 1 (Trendyol) must be regarded as the
best alternative, followed by Alt. 2 (Hepsiburada) and Alt. 4 (Amazon) as the second and third best
alternatives.

5. Sensitivity assessment

In this section, a sensitivity analysis is performed in order to evaluate the effect of changing the criteria
weights on the results. In this context, the weight of one criterion was raised by 100% each time, and
the weights of the other criteria were decreased at equal rates so that the total weight was 100%. The
analysis covers the cases of increasing the criteria weights by 100%, 200% and 300%. Therefore, two
cases are defined below:

I.  100% and 200% increase: In the first two scenarios, it was observed that the evaluation
scores of the alternatives became closer to each other. However, this change did not affect the
rankings. This shows that the model is generally robust to weight fluctuations.

II.  300% increase: In the third scenario, a difference was detected. Only in the case of a 300%
increase in the weight of Criterion 1, the rankings of the alternatives ranked 4th and 5th were
switched. However, as can be seen from this situation, there were no major changes in the
ranking.

Figure 1 visually presents the effect of a 100% increase in the weight of each criterion on the
evaluation scores of the alternatives. The graph shows that the scores between the alternatives are
narrowed, but the ranking remains unchanged. Table 11 details the change of ranking for Criterion 1
for a 300% increase.
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Figure 1. AS of alternatives against a 100% increase in each criterion weight.

Table 11. Comparison of the initial solution with a 300% increase scenario for the weight
of Criterion 1 and evaluation scores.

Rank Alternative  Initial score %300 increase score  Ranking change
1 Alt.1 1.000 1.000 No change

2 Alt.2 0.721 0.721 No change

3 Alt.4 0.595 0.603 No change

4 Alt.7 0.417 0.365 Qs

5 Alt.3 0.342 0.370 1 (+1)

6 Alt.5 0.256 0.249 No change

7 Alt.6 0.000 0.000 No change

6. Discussion and conclusion

This study analyzed the criteria taken into consideration by healthy food businesses in Tiirkiye
when choosing B2C e-marketplaces and evaluated alternative platforms in terms of their performance.
This is one of the few academic studies examining B2C e-marketplace selection from the perspective
of sellers and is unique in the sense that it emphasizes the specific dynamics of healthy food businesses
and the effects of these dynamics on e-marketplace selection. Findings reveal that Cri. 3 (integration
capability of the site), Cri. 1 (site traffic density), and Cri. 9 (affordability of site costs) are the top
three criteria when healthy food sellers select e-marketplaces. On the other hand, Cri. 2 (ability of
seller and consumer to interact with the site), Cri. 5 (ease of membership conditions of the site), and
Cri. 8 (usability of platform design) appears to be the least important criteria for the selection of e-
marketplaces. These findings partly match those of [3,4,20,21], who found that financial factors
(commission rates, monthly payments, etc.) are among the most important selection criteria. However,
considering the unique needs and priorities of healthy food sellers, the integration capability of the site
and site traffic density take precedence over financial concerns. First, this can be attributed to the fact
that healthy food products usually have a certain expiration date, and fast delivery and accurate
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inventory tracking are very important for such products. Therefore, e-marketplaces with high
integration capacity in terms of their ability to work with accounting, inventory, and order management
systems would increase operational efficiency and minimize errors, and thus, better respond to such
needs.

Second, although healthy food producers generally target a niche consumer group, they may wish
to facilitate access to healthy foods for low-income consumers by choosing the right e-marketplace
and thus contribute to development goals. E-marketplaces with high traffic density would increase the
visibility of these products and enable them to reach a wider customer base. With the increasing
awareness of healthy living, it would be easier for consumers to discover these products, therefore
making it more logical to prefer e-marketplaces with high traffic density. These results would lead to
a managerial implication that e-marketplaces should focus on developing their integration capabilities
and implementing marketing strategies that will generate higher site traffic in order to be selected by
healthy food businesses. Increased integration capabilities can be achieved by providing real-time data
synchronization for a better-integrated structure, which can be implemented via cloud-based solutions
and/or artificial intelligence (Al)-supported analysis tools. Additionally, technical support services,
guides explaining integration processes, and online and on-site training programs can be provided so
that healthy food businesses can use the technology of e-marketplaces effectively. As for the
improvement of site traffic, e-marketplaces may create a strong presence on social media platforms,
run advertising campaigns aimed at the target audience, offer personalized recommendations and
discount campaigns by analyzing user habits, and last but not least, encourage site visits by offering
special point systems, membership advantages, and discounts to consumers.

Moreover, it was revealed that Trendyol, Hepsiburada, and Amazon are the most preferred e-
marketplaces by healthy food businesses, whereas Aliexpress, N11, and Shopier are the least preferred.
As a managerial implication, it can be suggested that, to maintain their preferences, Trendyol,
Hepsiburada, and Amazon can make continuous improvements and investments in their technological
infrastructure. While global e-marketplaces like Amazon can streamline customs and international
sales processes to give local healthy food businesses access to a wider market, local e-marketplaces
like Trendyol and Hepsiburada can develop programs that offer more export opportunities for such
businesses. On the other hand, the least preferred e-marketplaces can facilitate the operational
processes of healthy food businesses by increasing their integration capacity, for instance, through
Application Programming Interface (API) support. Moreover, these e-marketplaces may increase
traffic density by collaborating with healthy lifestyle brands and influencers. They can also become
attractive to healthy food businesses by offering cost advantages since the affordability of site costs is
another important selection criterion, followed by integration capability and traffic density of the site.

This work provides applicable information not only for e-marketplace managers but also for
owners and managers of healthy food businesses. The findings indicate that, unlike previous studies,
businesses should look beyond low commission rates (cost factors) when selecting a sales channel and
prioritize the platform's technological compatibility. As “integration capability” emerged as the most
important criterion, healthy food businesses are advised to invest in ERP or inventory management
systems that can seamlessly synchronize with major marketplaces such as Trendyol and Amazon. The
study also offers significant contributions to the literature in terms of theoretical implications within
the context of B2C e-marketplaces and healthy food businesses. Most of the existing literature has
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concentrated on the B2C e-marketplace selection process from a consumer point of view. However,
this study applied the sellers’ point of view by considering the unique needs of healthy food businesses
and revealed the importance of factors such as integration capacity, site traffic density, and cost-
effectiveness for such businesses. These findings fill the knowledge gap in understanding B2C e-
marketplace selection processes from a business perspective and suggest that businesses of different
product categories may have different selection criteria for e-marketplaces. Additionally, this research
used IVN-SWARA and IVN-EDAS methods to evaluate decision-making processes based on
uncertainty and conflicting information. This methodological approach offers an innovative alternative
to traditional methods in literature (e.g., AHP, TOPSIS), encouraging a greater focus on uncertainty
management.

Although this research presented a robust decision-making process, there are some limitations
that should be considered. First, the sample size in this research was determined to be ten experts. This
sample size is sufficient for MCDM methodologies (such as SWARA and EDAS); however, reaching
more experts in this field could produce more generalized results. Second, this study focused on
healthy food companies. However, the criteria and their importance may vary for a different food
sector. Finally, the study uses IVN sets to address uncertainty. While IVN is a good option for
modeling uncertainty, it requires complex computational steps. Future studies could compare these
results with other extensions of fuzzy sets, such as the spherical or Pythagorean fuzzy sets, or use
different MCDM models (e.g., WASPAS, VIKOR) to further validate the findings. As well as
managerial and theoretical contributions, the analysis focused only on healthy food businesses in
Tiirkiye. Even though these results provide important insights into emerging markets, they cannot be
generalized to other sectors or geographic regions. The evaluation of B2C e-marketplace alternatives
was limited to seven platforms, and the results could have been more comprehensive if a wider range
of e-marketplaces had been examined. On the other hand, these limitations provide an opportunity for
future studies. It is suggested that further research should examine the criteria of e-marketplace
selection of businesses in sectors other than healthy food. It would also be useful to develop studies
focusing on both business and consumer-oriented selection criteria by conducting a comparative
analysis.
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