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ABSTRACT Logistics service quality is crucial for companies to satisfy customers, gain an advantage
over competitors, minimize costs, make effective business processes, and maintain corporate reputation.
Companies work with 3PL service providers to ensure the quality of their logistics services. Now, companies
adopt technology adoption models closely related to 3PL service and logistics service quality. In this
context, this research aims to determine the ideal technology adoption model for ensuring logistics service
quality in companies that employ 3PL services. It also seeks to determine the criteria and their significance
levels that must be considered to attain the specified aim. A decision-making methodology, including IV-
q-ROF-ARAS, has been used to attain these goals. The research revealed that the essential criteria for the
quality of logistics services are ‘‘reliability, regularity, flexibility, and service usability,’’ ‘‘delivery time and
request,’’ and ‘‘availability of ordering information.’’ According to the study, logistics companies must be
reliable and flexible. The ‘‘technology acceptance model’’ has been identified as the ideal adoption model
for Turkish companies receiving 3PL services. The study, which focuses on logistics service quality, 3PL
service providers, and technology adoption structures, presents significant implications for the literature and
companies.

INDEX TERMS ARAS, businesses receiving 3PL service, IV-q-ROF-ARAS, IV-q-ROF-MCDA, logistics
service quality.

I. INTRODUCTION
Every company wants to improve its competitiveness and
increase its business efficiency. For this reason, companies
usually choose a flexible structure. The function of this
flexibility and competitiveness is the quality of the company’s
logistics performance. Logistics service quality is generally
accepted as a critical indicator of customer satisfaction
and business success [1]. In contemporary research on
service quality in general and logistics service quality in
particular, subjective and objective approaches are mentioned
to shape the definition and conceptualization of this subject.
According to the subjective approach, a service’s quality can
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be determined by tailoring it to the requirements established
by its suppliers [2]. On the other hand, the objective
approach found that quality is based on customer ratings and
perceptions [3].

Gajewska [2] proposed four different definitions of service
quality. The first definition of service quality refers to
the quality of the service provided. The second definition
includes the degree achieved through objectively measured
criteria. The third definition is the perceived quality of the ser-
vice and the customer’s assessment of the service provided.
Finally, expected service quality refers to the implicit or
explicit desired quality level and service quality the customer
expects. Service quality is the level the service provider
expects to achieve. According toMentzer et al. [4], the quality
of logistic services includes seven dimensions: concreteness,
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reliability, responsiveness, price, certainty, empathy, and
relevance. Moreover, Mentzer et al. [4] emphasized that
the quality of logistics services has become an essential
source of differentiation for the competitive advantage of
companies. While elements of logistics service quality can be
used to segment customers horizontally or vertically, culture
and organizational characteristics can change the relationship
between customer satisfaction and logistics service quality.

Considering all these facts, technological application
changes and development require new models, making
them essential for operational efficiency and customer
satisfaction. According to Marangunić and Granić [5], the
ongoing development of information and communication
technologies has led to several theories and models on the
acceptance and effective use of technology. These models
are generally known as technology acceptance models. Their
primary purpose is to provide a comprehensive interpretation
of technology user behaviour and to provide fundamental or
theoretical explanations of the determinants of technology
acceptance [6]. This model has five main variables: perceived
ease of use, perceived usefulness, attitude, intentions, and
actual use of the system [6].
In this context, the study contributes to the subject under

consideration. When the relevant literature was examined,
it was found that while several domestic and international
research studies have been undertaken on the model concepts
used in logistics service quality and technology adoption,
only a few academic studies have assessed these concepts.
However, it is critical for practitioners and researchers to
evaluate these concepts within the context of the research
itself, depending on perceptions of the quality of logistics
services and the companies’ target customers. On this basis,
the current study aims to fill this gap in the literature.
Furthermore, this study differs from previous studies in that
it analyzes the quality of logistics services in an integrated
manner using technological models. In terms of logistics
service quality, a third-party logistics company should be able
to serve businesses with diverse characteristics, experiences,
and technological models. The study will contribute uniquely
to the field by incorporating this perspective into a reliable
and valid framework. This study examines the factors that
affect logistics service quality, customer satisfaction, effi-
ciency, and productivity in business operations. It provides
a roadmap for improving logistics services for companies
using 3PL services. The study also investigates the quality
of logistics services provided by numerous organizations
in a specific industry, how they differ from one another,
and how much this may reflect in the quality of their
work. Therefore, the study provides a practical roadmap for
developing the quality of logistics services and technology
adoption, as well as the selection of the model used for
companies using 3PL services. In this context, the study
analyzed companies’ experiences with the quality of logistics
services and technologymodels with global applicability. The
study is expected to open a new perspective and significantly
contribute to companies and researchers in this field. The

study also makes a theoretical and practical contribution by
proposing an effective, efficient, and robust decision-making
model capable of dealing with existing uncertainties in the
sector.

This framework aims to classify the quality factors of
logistic services and select the model to introduce the ideal
technology strategy for companies receiving 3PL services
with an international corporate identity in Istanbul province.
Much multicriteria decision analysis (MCDA) methods can
be employed to solve decision problems. On the other
hand, the studied problem includes uncertainty and many
conflicting criteria. Methods based on fuzzy logic are
employed to solve such problems. Fuzzy logic aims to handle
uncertain problems with reasoning, deduction, and com-
putation with inadequate knowledge outside conventional
methods’ scope [7].

As the field of MCDA continues to evolve, embracing new
methods and expanding its extensions, it is crucial to look
at the recent advancements and trends within this domain.
Hence, the latest applications and evolving directions in
the practical implementation of MCDA can be indicated,
highlighting its ever-growing relevance in current problem-
solving scenarios [8].

The general advantages of the studies are:
• Evaluating the importance of quality practices in

logistics services using an integrated model.
• Providing a comprehensive framework for selecting the

model for deploying the ideal technology in logistics
companies with corporate identity.

• Providing concrete and significant benefits to benefi-
ciaries and companies commensurate with the practical
experience, competence, perspective, and knowledge
of experts.

• Proposing a new fuzzy decision-making model to
evaluate and rank issues related to quality factors for
logistics services.

• Examining the similarities and differences in logistics
service quality factors among companies in a particular
industry and to what extent they are reflected.

• Providing a reliable, valid, and robust decision-making
model proposal can cope with uncertainty and be used
in similar problems in different fields, logistics, and
supply chains.

• Providing a different perspective on the field by
considering technology acceptance, 3PL service, and
service quality dimensions together.

A. ORGANIZATION OF THE STUDY
There are six sections in this study. Section II includes a
literature review on logistics service quality and 3PL service
providers. Section III contains the proposed methodology
and theoretical explanations. Section III, Sub-section A
explains IV-q-ROF sets, whereas Sub-section B details
the proposed IV-q-ROF MCDA methodology. Section IV
contains an application to identify the best technology
model for businesses receiving 3PL services. Section IV,
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TABLE 1. Literature review.

Sub-section A, provides comparative sensitivity analyses
of the results obtained using the proposed methodology.

TABLE 1. (Continued.) Literature review.

Section V presents a discussion of the results. Finally,
Section VI covers practical and managerial implications,
limitations, and future directions.

II. LITERATURE REVIEW
In the global logistics market, customer service has become
an essential indicator of determining competitiveness.
Numerous explanations exist for logistics customer service
quality. Over the past decade, various studies have explored
the theoretical realm of service quality within a business-to-
business (B2B) context, focusing on logistics service quality.
Since logistics can be classified as a service industry, it is
imperative to estimate service quality. However, service
quality has been a focal point of research in logistics. This
emphasis on quality, management, and business satisfaction
parallels the interest in service quality. The leading essential
indicators of logistics service quality have been highlighted in
several studies, and the researchers adopted different methods
to evaluate and ameliorate the service quality of the logistics
system [3], [9], [10], [11]. Hence, the indicators of logistics
service quality are critical for estimating and ameliorating
logistics service quality. The leading indicators have been
spotted in several articles, such as reliability, assurance,
tangibles, empathy, and responsiveness, which were defined
in detail inmany studies [3], [4], [12], [13]. La Londe and Zin-
szer [14] discussed the importance of users’ demands in the
satisfaction process. Grönroos [15] highlighted service deliv-
ery and functional characteristics as significant indicators.
Mentzer et al. [16] and Feng et al. [17] lighted on the order
accuracy, order quality, timeliness, availability, and condition
of the delivered items as important indicators to be counted
in the evaluation process. Hussein et al. [18] presented the
order release quantities, the order discrepancy, the quality of
information, and ordering procedures as the leading related
indicators of the logistics service quality. In this regard,
the most commonly highlighted indicators to improve the
logistics system quality and increase customer satisfaction
were the accuracy of the order, the quality of the order, the
condition of the order, the discrepancy of the order, the release
quantities of the order, the information quality, timeliness.
Indeed, customer satisfaction significantly benefits logistics
service quality, which was approved in several studies [19],
[20]. Vázquez et al. [21] confirmed that physical distribution
quality from suppliers had the most significant impact on
customer satisfaction.
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Several methodologies have been adopted for estimating
and ameliorating logistics service quality, as seen in Table 1.
SERVQUALwas the most employed approach for measuring
logistics service quality [20], [22], [23].

Because of the hesitation in human judgments, fuzzy logic
has been adopted, where conventional dual logic is not a
suitable tool to deal with the uncertainty and vagueness in
evaluators’ estimations [9].

Therefore, these studies’ significant contributions are
listed below:

• To provide a comprehensive framework for evaluating
the importance levels by determining the factors
affecting the quality of logistics service using an
integrated model and selecting the ideal model to adopt
the ideal technology in enterprises that receive 3PL
services with corporate identity.

• To assess the factors affecting logistics service
quality and select the best strategy, a novel fuzzy
decision-making model within the scope of IV-q-
ROFS is proposed. This model is applied to companies
with corporate identities receiving 3PL services in
Istanbul.

• To evaluate the validity and reliability of the study’s
solutions using sensitivity and comparison analyses
based on different approaches.

• To provide scientific guidance to companies on improv-
ing their current processes by dealing with a real-life
problem, including many conflicting business factors.
As a result, a scientific framework for 3PL organiza-
tions to assess their service quality requirements will
be presented.

III. METHODOLOGY
Uncertainty is prevalent in decision problems due to var-
ious unknowns and limited information on the problem’s
elements. Methods based on fuzzy logic are employed to
solve such problems. Fuzzy logic aims to handle uncer-
tain problems with reasoning, deduction, and computation
with inadequate knowledge outside conventional methods’
scope [7]. Fuzzy logic has become an essential tool for
modelling and solving problems for which conventional
methods are insufficient. For this purpose, many fuzzy
sets have been designed to help problem-solving. Because
of the fuzziness of decision-making environments and
the complexity of real-life decision problems, expressing
attribute values of alternatives by exact values, as seen in
conventional fuzzy sets, is insufficient.

In order to describe complicated fuzzy information,
Atanassov’s [37] intuitionistic fuzzy set (IFS), which is an
extension of Zadeh’s [38] fuzzy sets (FSs), is handy. It has
membership and non-membership functions that indicate the
degree of satisfaction and dissatisfaction, respectively [39].
However, due to the requirement that the sum of the degrees
of membership and non-membership be equal to or less
than 1, the range of applications for IFSs is limited. Some

information about decision evaluation cannot be conveyed
adequately in this situation.

Yager [40] proposed the Pythagorean fuzzy set (PFS)
to address these issues. Its key feature is that the square
sum of membership and non-membership degrees must
be less than or equal to 1. However, it has been noted
that PFS is also affected by the same problem. With the
continuous complication of society and the development of
theory, a new concept was presented again by Yager [41],
the q-rung ortho-pair fuzzy sets (q-ROFs), where the total
of the qth power of the membership degree and the qth
power of the of non-membership degree is restricted to 1.
As the q rung increases, the space of acceptable orthopairs
expands and more orthopairs satisfy the boundary restriction.
As a result, q-ROFs can express a more excellent range of
fuzzy information [39], [42], [43]. In other words, we can
continue to adjust the value of the q parameter to deter-
mine the information expression range. Thus, q-ROFs are
more flexible and suitable for uncertain environments [39].
In addition, interval-valued (IV) q-ROFs have been defined
as a substantial extension of fuzzy sets, allowing uncertainty
to be expressed in a broader range rather than a fuzzy
number [44].
IV-q-ROFSs generally model uncertainty using an interval

with a specific upper and lower limit rather than a specific
fuzzy number. One of the critical advantages of interval-
valued fuzzy sets is that they produce more reliable results
with less particular information [7]. Representing the fuzzi-
ness with a range rather than a precise value can provide
a more accurate representation of the uncertainty [42],
[44], [45]. Obtaining more reliable results by modelling the
uncertainty in an interval-valued form is one of the main
reasons for using the IV-q-ROF-MCDA methodology in this
study. Furthermore, there is a problem with not satisfying
the condition that the total of the first and second powers of
membership and non-membership degrees is equal to or less
than one, as can be seen in IV-IFSs and IV-PFSs. The IV-
IFS and IV-PFS can only be solved if the stated condition
is met. This issue will be solved by IV-q-ROFS [44],
[46]. The IV-q-ROFS is a powerful tool for dealing with
uncertain or imprecise information in accurate life decision-
making procedures [47]. Due to its easy-to-follow procedures
that result in reasonable, acceptable, and generally accurate
rankings of alternatives based on how well they perform
against chosen weighted evaluation criteria, the additive ratio
assessment (ARAS) method is widely used and expanding
quickly. ARAS utilizes the concept of optimality degree to
achieve an order of priority. The main advantages of ARAS
include a proportional and direct relationship with criterion
weights, the ability to handle complex decision problems,
and the use of several direct and simple steps to evaluate
many alternatives based on their performance in comparison
to the criteria [43], [48], [49], [50]. In this context, the
ideal technology in companies receiving 3PL services will
be determined using the IV-q-ROF-MCDA methodology,
including IV-q-ROF-ARAS.
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A. INTERVAL-VALUED Q-RUNG ORTHOPAIR FUZZY SETS
Yager [41] proposed q-ROFSs with configurable preference
space and information allocation related to uncertainty. In q-
ROFSs, a regulating factor (q) broadens the preference space
by considering the degree of membership (ς) and non-
membership (υ). A q-ROFS F on the universal set X is
defined in (1), where ≥ 1, aF (x) ∈ [0, 1], bF (x) ∈ [0, 1],
0 ≤ (aF (x)q + bF (x)q) ≤ 1, aF (x) is the membership
degree, and bF (x) depicts the non-membership degree of
x∈X [41].

F = {⟨x, (ςF (x), vF (x))⟩ | x ∈ X} (1)

On the other hand, representing the fuzziness with a range
rather than a precise value can provide a more accurate
representation of the uncertainty. The information obtained
from the experts could be more transparent and precise.
In such cases, decision-makers are advised to express their
opinions using a subset of the closed interval [1, 0] [42],
[44], [51]. In this study, IV-q-ROFS, an extension of q-
ROFS, is preferred to express the uncertainties in the problem
efficiently. An IV-q-ROFSH onX is defined in Eq. (2), where
q ≥ 1,

[
aLH (x) , aUH (x)

]
∈ [0, 1],

[
bLH (x) , bUH (x)

]
∈ [0, 1],

0 ≤

((
aUH (x)

)q
+
(
bUH (x)

)q)
≤ 1 [25], [69].

H =

{〈
x,
[
aLH (x), a

U
H (x)

]
,
[
bLH (x), b

U
H (x)

]〉
| x ∈ X

}
(2)

In Eq. (2), aLH (x) denotes the lower bound of the membership
degree, while aUH (x) is the upper bound of it. bLH (x)
and bUH (x) are the lower and upper bounds of the non-
membership degree, respectively. Also, the indeterminacy
membership degree is defined as πH =

[
πL
H (x) , πU

H (x)
]

=[
q
√
1 −

(
aUH (x)

)q
+
(
bUH (x)

)q
, q
√
1 −

(
aLH (x)

)q
+
(
bLH (x)

)q].
For simplicity, the IV-q-ROF number (IV-q-ROFN) can
be written as ϕ =

([
aL , aU

]
,
[
bL , bU

])
. Also, the

conditions,
[
aL , aU

]
∈ [0, 1],

[
bL , bU

]
∈ [0, 1], 0 ≤(aU )q +

(bU )q≤ 1, are satisfied. Let ϕ1 =
([
aL1 , aU1

]
,
[
bL1 , bU1

])
and ϕ2 =

([
aL2 , aU2

]
,
[
bL2 , bU2

])
be two IV-q-ROFNs. Then,

some operations, score function, and accuracy function on
IV-q-ROFSs are defined below, where > 0, and q≥ 1 [42],
[44], [52], [53]. Eqs. (3)–(9), as shown at the bottom of the
next page.

The IV-q-ROF Weighted Arithmetic Average (IV-q-
ROFWAA) operator is defined below, where ϕj =

ϕ1, ϕ1, . . . ,ϕn, 0 ≤ j≤ 1,
∑n

j=1 j = 1. The IV-q-ROF
Weighted Geometric Average (IV-q-ROFWGA) operator is
defined below, where ϕi = ϕ1, ϕ1, . . . ,ϕm, 0 ≤ j≤ 1,∑n

j=1 j = 1 [52], [54]:

IV − q− ROFWAA (ϕ1, ϕ1, . . . , ϕn)

=


[
q

√
1−

∏n
j=1

(
1−

(
aLj
)q) j

,
q

√
1−

∏n
j=1

(
1−

(
aUj
)q) j

]
,[∏n

j=1

(
bLj
)

j
,
∏n

j=1

(
bUj
)

j
]

.

(10)

IV − q− ROFWGA (ϕ1, ϕ1, . . . , ϕn)

=



[∏n
j=1

(
aLj
)

j
,
∏n

j=1

(
aUj
)

j
]

,
q

√
1 −

∏n
j=1

(
1 −

(
bLj
)q) j

,

q

√
1 −

∏n
j=1

(
1 −

(
bUj
)q) j



 . (11)

Eq. (12) gives the Minkowski distance between ϕ1 and ϕ1,
where

[
πL
1 , πU

1

]
and

[
πL
2 , πU

2

]
are indeterminacy member-

ship degrees of ϕ1 and ϕ1, respectively [52].

Mp(ϕ1, ϕ2)

=

(
1
4

∣∣∣(aL1)q −

(
aL2
)q∣∣∣p +

∣∣∣(aU1 )q −

(
aU2
)q∣∣∣p

+

∣∣∣(bL1)q −

(
bL2
)q∣∣∣p +

∣∣∣(bU1 )q −

(
bU2
)q∣∣∣p

+

∣∣∣(πL
1

)q
−

(
πL
2

)q∣∣∣p +

∣∣∣(πU
1

)q
−

(
πU
2

)q∣∣∣p)1/p (12)

When p = 1, Eq. (12) is used to compute Hamming
distance; when p = 2, it is used to calculate Euclidean
distance.

B. THE PROPOSED IV-Q-ROF MCDA METHODOLOGY
During the solution process of the studied problem, the
criteria will be weighted, and the alternatives will be ranked.
In this context, alternatives will be ranked using the IV-q-
ROF-ARAS method, and criteria will be weighted via the
IV-q-ROF-subjective weighting approach (Fig. 1).

The implementation steps of the proposed IV-q-ROF
MCDA methodology, including the IV-q-ROF-subjective
weighting approach and IV-q-ROF-ARAS, can be presented
as follows:

Step 1. The decision problem is defined. In this context,
{A1,A2, . . . ,Am} as a set of alternatives, {C1,C2, . . . ,Cn} as
a set of criteria, and {E1,E2, . . . ,Er } as a group of experts are
determined.

Step 2. The weight value is assigned to the expert
evaluations. Linguistic terms listed in Table 2 are used in this
regard [55]. As a result, ιk depicts the IV-q-ROF importance
value of the k-th expert.

Eq. (13) is used to compute the weight value of each expert,
where k = 1, . . . , r , and ιk =

([
aLk , a

U
k

]
,
[
bLk , b

U
k

])
.

k =

1
4

[(
1 +

(
aLk
)q

−
(
bLk
)q)

+

(
1 +

(
aUk
)q

−
(
bUk
)q)]

r∑
k=1

1
4

[(
1 +

(
aLk
)q

−
(
bLk
)q)

+

(
1 +

(
aUk
)q

−
(
bUk
)q)]
(13)

Step 3. Each expert assesses the importance levels of
criteria based on the linguistic terms listed in Table 2. As a
result, ιjk =

([
aL(k)j , aU (k)

j

]
,
[
bL(k)j , bU (k)

j

])
depicts the

importance assessment of criterion j by expert k .
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FIGURE 1. The procedure of the proposed methodology.

Step 4. Each criterion’s Integrated IV-q-ROF importance
value is computed using Eq. (14).

ιj =




q

√
1 −

∏r
k=1

(
1 −

(
aL(k)j

)q) k
,

q

√
1 −

∏r
k=1

(
1 −

(
aU (k)
j

)q) k

 ,

[∏r
k=1

(
bL(k)j

)λk
,
∏r

k=1

(
bU (k)
j

)
k
]

 (14)

TABLE 2. Linguistic terms for evaluating the experts, criteria, and
alternatives.

Step 5. The weight coefficient of each criterion is calcu-
lated by applying Eq. (15), where ιj =

([
aLj , a

U
j

]
,
[
bLj , b

U
j

])
.

wj =

1
4

[(
1+

(
aLj
)q

−

(
bLj
)q)

+

(
1+

(
aUj
)q

−

(
bUj
)q)]

n∑
j=1

1
4

[(
1+

(
aLj
)q

−

(
bLj
)q)

+

(
1+

(
aUj
)q

−

(
bUj
)q)]
(15)

Step 6. Each expert evaluates each Ai alternative about the
Cj criterion via IV-q-ROF linguistic terms listed in Table 2.

ϕ1 ⊕ ϕ2 =


[

q
√(

aL1
)q

+
(
aL2
)q

−
(
aL1
)q (

aL2
)q

, q
√(

aU1
)q

+
(
aU2
)q

−
(
aU1
)q (

aU2
)q]

,[
bL1b

L
2 , bU1 b

U
2

]
 (3)

ϕ1 ⊗ ϕ2 =


[
aL1a

L
2 , aU1 a

U
2

]
,[

q
√(

bL1
)q

+
(
bL2
)q

−
(
bL1
)q (

bL2
)q

, q
√(

bU1
)q

+
(
bU2
)q

−
(
bU1
)q (

bU2
)q]

 (4)

ϕ1 =

([
q

√
1 −

(
1 −

(
aL1
)q)

,
q

√
1 −

(
1 −

(
aU1
)q) ]

,

[(
bL1
)

,
(
bU1
) ])

(5)

ϕ1 =

([(
aL1
)

,
(
aU1
) ]

,

[
q

√
1 −

(
1 −

(
bL1
)q)

,
q

√
1 −

(
1 −

(
bU1
)q) ])

(6)

(ϕ1)
c
=

([
bL1 , bU1

]
,
[
aL1 , aU1

])
(7)

S (ϕ1) =
1
4

[(
1 +

(
aL1
)q

−

(
bL1
)q)

+

(
1 +

(
aU1
)q

−

(
bU1
)q)]

, S (ϕ1) ∈ [0, 1] (8)

A (ϕ1) =

(
aL1
)q

+
(
aU1
)q

+
(
bL1
)q

+
(
bU1
)q

2
, A (ϕ1) ∈ [0, 2] (9)
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Hence, the individual IV-q-ROF decision matrix X (k) includ-
ing the elements x(k)ij =

([
aL(k)ij , aU (k)

ij

]
,
[
bL(k)ij , bU (k)

ij

])
is

formed, where i = 1, . . . ,m; j = 1, . . . , n. Therefore, x(k)ij
refers to the IV-q-ROFN assigned to the i-th alternative with
regard to the j-th criterion by the k-th expert.
Step 7. The integrated IV-q-ROF-decision matrix X is

formed using Eq. (16):

xij =

([
aLij , a

U
ij

]
,
[
bLij , b

U
ij

])

=




q

√
1 −

∏r
k=1

(
1 −

(
aL(k)ij

)q)λk
,

q

√
1 −

∏r
k=1

(
1 −

(
aU (k)
ij

)q)λk

 ,

[∏r
k=1

(
bL(k)ij

)λk
,
∏r

k=1

(
bU (k)
ij

)λk
]

 . (16)

Step 8. The ideal/optimal alternative is determined via Eq.
(17), where Jb shows benefit criteria, and J c denotes cost
criteria [48], [52], [56].

x0j =




(
max
i

aLij , max
i

aUij

)
(
min
i

bLij , min
i

bUij

)
 , j ∈ Jb


(
min
i

aLij , min
i

aUij

)
(
max
i

bLij , max
i

bUij

)
 , j ∈ J c

(17)

Step 9. The normalization of X is executed by applying Eq.
(18), where i = 0, .1, . . . ,m. Thus, the normalized IV-q-ROF
decision matrix R is obtained.

rij =




[
aLij , a

U
ij

]
,[

bLij , b
U
ij

]
 , j ∈ Jb


[
bLij , b

U
ij

]
,[

aLij , a
U
ij

]
 , j ∈ J c

(18)

Step 10. The weighted normalized IV-q-ROF decision
matrix is constructed using Eq. (19).

vij = wjrij (19)

Step 11. The score values S
(
vij
)
are computed via Eq. (8).

Step 12. Overall assessment index values for each alterna-
tive and the ideal alternative are calculated using Eq. (20).

ϱi =

∑n

j=1
S
(
vij
)

∀i. (20)

Step 13. The utility index value of each alternative is
computed using Eq. (21), where ϱ0 shows the overall
assessment value of the ideal alternative.

ζi =
ϱi

ϱ0
∀i. (21)

Finally, alternatives are ranked in descending order of their
ζi values.

IV. RESULTS
It is generally accepted that the quality of logistics service
is one of the most critical factors determining customer
satisfaction and the position of logistics companies in
the competitive market. In the face of changing condi-
tions and growing customer demands, logistics companies
are forced to react quickly and develop new innovative
solutions [57].

In this case, the quality of the logistic service is essential
to ensure customer satisfaction. In this context, the following
table gives a detailed overview of the literature, quality
criteria for logistics services, models for using technologies,
and their explanations.

Considering Table 3, general conclusions have been
reached, such as drawing attention to the issues in the relevant
applications, developing business processes, effective tech-
nology management, and providing a perspective on ensuring
and managing customer satisfaction and making it sustain-
able. Based on this, we collected preliminary information
on the main aspects, parameters, needs, and characteristics
of the quality of logistics services and technology models
in companies receiving 3PL logistics services. Furthermore,
in examining the general structure of the current problem,
we have attempted to determine the criteria and factors used
in previous literature studies by conducting a detailed and
comprehensive literature review.

Then, considering the dynamics of the sector and the
decision-making problem, we established a high-expert
committee consisting of two highly experienced experts with
extensive knowledge of the problems with technological
models in businesses that use third-party logistics services
and the quality of logistics services. We have set several
requirements for joining the panel of experts, including
graduates in related subjects and at least ten years of
experience in the industry. Therefore, this study identified
13 candidate experts who used the 3PL logistics service
or owned companies receiving 3PL services. At the end of
the first elimination process, were 11 experts left. Then,
we continued to eliminate them with a rigorous assessment
until only ten experts were left. At the end of the preparation
phase, we formed an expert group of 10 highly qualified
experts. The list of experts and their information are presented
in Table 4.

Table 5 shows the experts’ linguistic assessments of the
importance levels of the criteria.

Appendix A includes the IV-q-ROFNs corresponding to
linguistic assessments of the criteria. Table 6 shows the
criteria’s integrated IV-q-ROF importance values and weight
coefficients.

When the weighting results were analyzed, the most
critical factor was determined as the ‘‘C2.1. reliability,
regularity, behaviour, and ease of service use.’’ According
to Duan et al. [76], service quality elements such as cost,
time, frequency, visibility and security should be examined,
and those unsuitable for marketing purposes based on only a
single feature should be highlighted. As a result, maintaining

55732 VOLUME 12, 2024



S. Korucuk et al.: Novel Interval-Valued-q-Rung Orthopair Fuzzy-ARAS Model

TABLE 3. Criteria and alternatives related to logistics service quality.

a reasonable and safe level of service is critical. At the same
time, the service obtained must be immediately delivered to
and used by the customer.

TABLE 3. (Continued.) Criteria and alternatives related to logistics service
quality.

There are two criteria in the second rank order of
importance: ‘‘C1.2. Delivery Time and Request’’ and ‘‘C3.5.
Availability of order information.’’ It would be appropriate
to simultaneously evaluate the ‘‘Delivery Time and Request’’
with the delivery time. Eren and Gür [77] define timeliness
as the organization’s response time to requests, the flow of
information, and the speed with which post-delivery support
is provided. Timeliness is a crucial factor in supply chains.
For customers, the responsiveness of suppliers to business
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TABLE 4. Details about experts.

needs is an important criterion. The return speed is also a
factor since business plans are modelled based on demand
performance. The timeliness of the fulfilment of the order
according to the returns sent should not affect the planning
either. A smooth supply chainmust be ensured byminimizing
deviations from the specified delivery times for contractors
and, thus, for customers. ‘‘Availability of Order Information’’
means complete and accurate preservation and storage of
orders and information received.

After applying Eq. (17), the integrated IV-q-ROF decision
matrix was constructed, as seen in Table 8.

The weighted normalized IV-q-ROF decision matrix
was obtained by conducting normalization and weighting
procedures, as seen in Appendix B. On the other hand, the
score matrix is given in Table 9.
As seen in Table 9, the best option is A1. Also, the

ranking order of the alternatives is A1≻, A2 ≻, A3≻, and
A4. Using the factors influencing the quality of logistics
services, it was found that the most crucial alternative
when choosing the best technology adoption model is
the ‘‘technology acceptance model.’’ This model shows
that perceived compatibility benefits both attitudes toward
technology use and perceived usefulness. It is assumed that
a system with high compatibility effectively facilitates user
transaction processes and improves efficiency [78].

A. COMPARATIVE SENSITIVITY ANALYSIS
Sensitivity analysis is the process of resolving a decision
problem by changing the model or parameter inputs. The
decision maker may identify which parameter, data, and
component are critical or essential to the solution using
sensitivity analysis [79]. Furthermore, it is feasible to
conduct significant tests, including validity and reliability
assessments of the employed methodology, thanks to the
input modifications included under the sensitivity analysis
umbrella. Among these tests, changing the weight coeffi-
cients of the criteria, adding new alternatives to the model,
eliminating existing alternatives, changing the values of
particular coefficients, and comparing the results obtained
via different methods are frequently used. In this subsection,

TABLE 5. Linguistic assessments of criteria by experts.

four separate tests will be performed to assess the validity
and reliability of the results acquired using the proposed
methodology. In this context, the results of criterion weight
modifications will be examined first. To investigate the
consequences of changes in criterion weights, an approach
in which each criterion takes the weight values of other
criteria was adopted [51]. As a result, S1-S29 scenarios were
produced. In addition, the criteria weight values produced
using the equal weights, CRITIC [43], and RANCOM [80]
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TABLE 5. (Continued.) Linguistic assessments of criteria by experts.

FIGURE 2. The effects of criterion weight change.

methods were included in the analysis as distinct scenarios.
Thus, sensitivity analysis was conducted using 32 distinct
criterion weighting scenarios. Figure 2 shows the obtained
results.

TABLE 6. Weight coefficients of criteria.

As seen in Figure 1, criterion weight changes did not
change the ranking orders of the alternatives. In this context,
the solutions obtained for the studied problem are stable.
The effects of different q-parameter values on the solutions
will be investigated. It is assumed that the decision-maker
can select a different q value in q-ROFS based on their
preferences. At this point, it was stated that an optimistic
outlook is indicated by a q number between 2 and 5, but
a pessimistic outlook is indicated by a value greater than
5. Also, the q-ROFWAA operator gives more consistent
results than the q-ROFWGA operator when q values are
increased [39]. In addition, q values between 1 and 10 are
ideal for practical applications because they cover 99% of the
unit squares [81]. Examining the q-parameter changes in the
solutions is essential within the context of this knowledge.
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TABLE 7. Linguistic assessments of alternatives by experts.

Figure 3 depicts changes in criterion weighting coefficients
and utility index values in this context.

TABLE 7. (Continued.) Linguistic assessments of alternatives by experts.

Figure 3 shows that as the q parameter value increases, the
weight coefficients of the criteria converge to each other, with
a value of 0.3333. However, it was found that the rank order
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TABLE 7. (Continued.) Linguistic assessments of alternatives by experts.

change occurred for q = 67 for the first time when the utility
index values of the alternatives were examined. In modelling
uncertainty, q = 1 is used for intuitive fuzzy sets, and q =

2 is employed for Pythagorean fuzzy sets [82]. The value

TABLE 8. The integrated IV-Q-ROF decision matrix.

of the q parameter can be objectively determined to reflect
decision-makers preferences or judgments about the problem
effectively. A decision can be reached by assessing the
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TABLE 8. (Continued.) The integrated IV-Q-ROF decision matrix.

data’s processability and implications for the solution while
accounting for various q values. In general, it is assumed that
q ≥ 3 is adequate to eliminate the different issues observed
with q = 1 and q = 2 [42], [44], [51]. According to this
framework, the solutions for the studied problem are reliable
and valid. Figure 3 shows that the proposed methodology
gives consistent results for the studied problem.

The existence of the rank reversal problem will be
examined in the second stage, and a comparison of the
findings obtained by the proposed methodology and similar
methodologies will be carried out in the third stage.
To determine whether the rank reversal problem exists in this
context, the results of removing existing alternatives from the
problemwill be examined first. The results in this scenario are
shown in Table 10.

The findings in Table 10 show that the proposed method-
ology does not lead to a rank reversal problem. In this
context, the results of the proposed methodology were
reliable and valid. Second, the results of the proposed

TABLE 9. The score matrix and IV-Q-ROF-ARAS results.

TABLE 10. Testing rank reversal problems.

TABLE 11. Comparison of results obtained via different methods.

methodology will be compared with those of two previously
published methods, IV-q-ROF-TOPSIS [52] and IV-q-ROF-
CODAS [83]. Table 11 shows the findings obtained via these
methods.
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FIGURE 3. The effects of q-parameter value change.

Table 11’s results show that the A1 alternative was at
the top of the three rankings. The ranking orders generated
by IV-q-ROF-ARAS and IV-q-ROF-TOPSIS were identical.
In this context, it is clear that the results of the proposed
methodology are reliable and valid.

V. DISCUSSION
Providing logistics services, one of the key factors affecting
how customers perceive the quality of a product, is a
crucial component of marketing when considering logistics
as a service sector. This situation reveals the importance of
considering logistics and marketing together. The logistics
and marketing departments must work together to ensure that
logistics excellence gives companies a competitive advan-
tage [62]. Meeting customers’ expectations and receiving

positive feedback about the service they receive can be con-
sidered indicators of logistics service quality. Thus, logistics
service quality is increasingly important for customers and
companies [65].

In this context, the study’s results should be reviewed and
discussed. The comparison of the findings with the literature
reveals the similarities and differences of this study. Table 6
lists the main final weights of the criteria affecting the quality
of logistics service for the beneficiary companies of the 3PL
service.

‘‘Reliability, regularity, flexibility, and service usabil-
ity’’ was identified as the most crucial criterion. The
result obtained supports the research of Beniusiene and
Petukiene [84], Wang [85], Korucuk [1], Huma et al. [33],
and Michalski and Montes-Botella [34]. The logistics service
quality, which includes all stages of the supply chain,
contributes to gaining a competitive advantage and improving
customer satisfaction by increasing the effectiveness of
marketing measures. Therefore, the service obtained through
implementing these processes must be reliable, smooth, and
usable. At the same time, it is essential to keep up with
the changing market conditions and to offer a service at the
highest level flexibly.

The importance level of the ‘‘Delivery time and request’’
and ‘‘availability of ordering information’’ criteria was
ranked second. The result for the factor ‘‘delivery time and
demand’’ is consistent with the research of Cui et al. [86],
Jiang et al. [87], and Bahamdain et al. [88]. 3PL companies
that provide services must respond to delivery times and
demand, respond to their customers’ requests and needs,
and solve problems. It is essential to run the process at the
most desirable level, especially regarding order fulfilment
speed, order confirmation cycle, and error handling rates
associated with the delivery and requested times. Delivery
times and demand are the critical frameworks for customer
value creation.

The result for the ‘‘availability of ordering information’’
factor is consistent with research by Thai et al. [3] and
Vu et al. [89]. The order cycle, one of the fundamental
elements of the logistic system, has a decisive impact on the
efficiency and costs of the entire process. It is known that
every wrong operation in order to obtain information affects
the whole process. This can result in the loss of a dissatisfied
customer. Proper and secure storage of order information,
especially when using technology and software, is essential
to the process and beyond. It also contributes to the efficiency
and effectiveness of order management and feedback.

Employing the weights associated with the factors used in
the quality of logistics services at the level of the companies
receiving the 3PL service, the models used to adopt the
perfect technology were selected. The ‘‘A1. technology
acceptance model’’ was the most ideal choice. The result
agrees with the studies by Lu et al. [90], Muk and Chung [91],
Purwanto et al. [92], and Aydın and Taşdelen [93]. It was
stated that this model affects attitudes towards phenomena
that shape perceived ease of use and intention. Besides, it was
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claimed that this model directly impacts the perceived ease of
use.

On the other hand, it was also concluded that behavioural
intention affects actual behaviour [94]. In other words,
various studies have been conducted with the subjective
goal of understanding the business adoption of information
technology. However, the limitation of the research results to
the problems of a specific company prevented the conclusion
of general validity. The adaptability of this model to the
acceptance behaviour of all technologies has closed the gap in
the literature as a universal model. One of the most important
reasons for the widespread use of the technology acceptance
model is that it is simple and easy to understand [95].

VI. CONCLUSION
In a marketing environment where the demands and needs of
customers are changing every day, the efficiency of quality
practices for logistics services and the integration of tech-
nologies have become significant challenges for companies.
One way that businesses can maintain their existence and
increase customer satisfaction through sustainable strategies
is through the efficacy and efficiency of logistics service
quality procedures. In this context, the study is based on
selecting the model that will be used to implement the ideal
technology by determining the weight of the factors affecting
the quality of logistics services in companies receiving 3PL
services in Istanbul. An extensive literature review found very
few studies on the factors affecting logistics service quality in
companies receiving 3PL services and the selection ofmodels
used to adopt the ideal technology.

This study provides an outlook on future research and
offers the opportunity to compare it with other studies. Due
to the MCDA methods used in the study, the study stands out
from other studies and is intended to fill a gap in the literature
about the industry and the subject. On the other hand, the
study helps to evaluate the quality practices for logistics
services, which play a quantitative and guiding role in
companies receiving 3PL services, enabling the company to
effectively raise the quality control requirements of logistics
services to a high level.

On the other hand, the study also contains various
ambiguities and contradictions between policymakers and
practitioners. Therefore, this situation allows us to assess the
practical prospects for logistics service quality in the compa-
nies benefiting from 3PL services. At this point, the findings
guide avoiding potential problems when implementing logis-
tics service quality and selecting a technological model.

However, due to the improvement in the quality of
logistics services, the intensity of economic activity is
increasing. Adopting the technology model is essential
to avoid deterioration in transaction quality and loss of
customers. Therefore, companies must continually monitor
and measure how customers rate the quality of their logistics
services. It guarantees the maintenance and improvement of
its market position regarding the quality of logistics services
and the compatibility of technology models. In this context,

companies need to understand customers’ requirements
proactively, provide satisfactory answers to customers’ needs,
gain their trust by satisfying customers the first time, and
continually improve their systems to retain customers. The
issues addressed depend on efficiency in terms of the quality
of logistics services and the integration of technological
models.

This study provides specific findings to reveal the determi-
nants of logistics service quality in companies. It contains a
variety of theoretical contributions to the relevant literature.
In addition, since the quality of logistics services is assessed
based on customer perception, this will guide professionals
working in this area to improve the quality of logistics
services and ensure efficiency when choosing a technology
model. Customer satisfaction is the key to the company’s
survival in the market. Messenger attaches importance to
the quality of logistics services. In this way, long-term
business relationships can be built, and customer loyalty
can be ensured. For this reason, where competition is
rapidly intensifying, it is essential to understand companies’
assessments of the quality of logistics services, select a
technological model, and allocate the resources necessary to
fulfil customers’ orders and solutions.

In this study, we first tried to list the factors that can
influence the quality of logistics services and then determine
to what extent they influence the choice of technology
model. First, the results of the field research carried out
by the research objective were evaluated. Conclusions are
then drawn regarding the contribution of this research to
the relevant literature and practitioners. Finally, the study’s
limitations are noted, and suggestions for future academic
research are provided.

A. PRACTICAL AND MANAGERIAL IMPLICATIONS
This study evaluated the connections and influences of factors
affecting logistics service quality in businesses receiving
3PL services. In addition, the best technology adoption
model was investigated. In the field of quality improvement
of logistics services, it is part of research on technology
acceptance patterns in companies receiving 3PL services and
ways to achieve critical components in their usage at the
desired level. This study, which takes logistics service quality
practices as a starting point for companies receiving 3PL
services and is based on theories about technology acceptance
patterns, provides awealth of information for business leaders
and stakeholders. The methods of integrating the logistics
service quality resources between supply and demand and the
adoption models of the technologies explore the mechanism
of action and allow an evaluation of complete transparency.
In other words, it contributes to the relevant literature system
and enriches the theory of evaluating the logistics service
quality of the received 3PL service.

As another contribution to the study, it provides an oppor-
tunity to evaluate the factors affecting the logistics service
quality. It also leads to a basic model for selecting the optimal
alternative for a given decision problem. In other words,
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it provides a reasonable and healthy outcome environment,
considering similar and different aspects of the decision
problem. The study not only focuses on an isolated and
unique relationship in the quality of logistics services but
also considers the entire logistics service system from a
broad perspective and allows optimization of the logistics
service system. Decision-makers and stakeholders can use
the proposed model based on customer satisfaction. It also
allows companies to plan a new road route that activates
the supply chain. Thus, it makes a positive contribution to
relevant decision problems by presenting a set of new or more
appropriate criteria. At the same time, another contribution
of the study is the motivation of the authors to conduct future
research on this topic in various areas and industries.

B. LIMITATIONS AND FUTURE RESEARCH
This study, like many others, has limitations. The first is
a lack of available data to compare. At the same time, the
restricted number of panellists and the use of the structured
form approach as a data collection tool are limitations.
Other constraints include time, control, and a limited budget.
Another constraint is the region and sector in which the study
is carried out.

Another limitation of the study is the attention paid to
selecting themodel to usewhen adopting the ideal technology
for logistics service quality factors and the need for adequate
research on other service quality studies and practices at the
logistics service level. In other words, if the study in question
is subjective in certain respects, that is a fact and another
reason for the qualification.

The study has important implications for the future.
Entrepreneurs and those interested in the topic can evaluate
the adoption of technology models in logistics service quality
and transfer the discussed issues to a scientific framework.
Furthermore, future studies will examine relevant research
results to allow comparisons between different decision-
making environments. Future studies can evaluate the current
situation using various analyses and statistical methods.
In addition, the research methodology and methods can be
applied to diverse and complex decision-making problems in
other industries.

APPENDIX A
THE CORRESPONDING IV-Q-ROFNS FOR THE LINGUISTIC
ASSESSMENTS OF CRITERIA BY EXPERTS
The table is presented in a separate file titled Appendix A.

APPENDIX B
THE CORRESPONDING IV-Q-ROFNS OF THE LINGUISTIC
TERMS RELATED TO ALTERNATIVES
The table is presented in a separate file titled Appendix B.
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[84] I. Beniušienė and E. Petukienė, ‘‘The indicators of service quality
measurement of logistics services,’’ Socialiniai Tyrimai, vol. 2, no. 27,
pp. 62–70, 2012.

[85] L. Wang, ‘‘Research on the impact of e-commerce to logistics economy:
An empirical analysis based on Zhengzhou airport logistics,’’ Int. J. Secur.
Appl., vol. 9, no. 10, pp. 275–286, Oct. 2015.

[86] R. Cui, M. Li, and Q. Li, ‘‘Value of high-quality logistics: Evidence from
a clash between SF express and Alibaba,’’ Manage. Sci., vol. 66, no. 9,
pp. 3879–3902, Sep. 2020, doi: 10.1287/mnsc.2019.3411.

[87] Y. Jiang, P. Lai, C.-H. Chang, K. F. Yuen, S. Li, and X. Wang, ‘‘Sustainable
management for fresh food e-commerce logistics services,’’ Sustainability,
vol. 13, no. 6, p. 3456, Mar. 2021.

[88] A. Bahamdain, Z. H. Alharbi, M. M. Alhammad, and T. Alqurashi,
‘‘Analysis of logistics service quality and customer satisfaction during
COVID-19 pandemic in Saudi Arabia,’’ Int. J. Adv. Comput. Sci. Appl.,
vol. 13, no. 1, pp. 174–180, 2022.

[89] T. Phuong Vu, D. B. Grant, and D. A. Menachof, ‘‘Exploring logistics
service quality in Hai Phong, Vietnam,’’ Asian J. Shipping Logistics,
vol. 36, no. 2, pp. 54–64, Jun. 2020.

[90] J. Lu, C. Yu, C. Liu, and J. E. Yao, ‘‘Technology acceptance model for
wireless Internet,’’ Internet Res., vol. 13, no. 3, pp. 206–222, Aug. 2003.

[91] A. Muk and C. Chung, ‘‘Applying the technology acceptance model in a
two-country study of SMS advertising,’’ J. Bus. Res., vol. 68, no. 1, pp. 1–6,
Jan. 2015.

[92] P. Sugeng, H. Sri, and C. P. Gancar, ‘‘Narrative online advertising as
external variable in the development of the technology acceptance model
of go-pay for millennials,’’ J. Accounting Strategic Finance, vol. 3, no. 1,
pp. 118–135, Jun. 2020.

[93] B. Taşdelen and C. Aydin, ‘‘Genç tüketicilerin sosyal medya reklamlarına
Yönelik satın alma davranışlarının teknoloji kabul modeli ile incelenmesi:
Gümüşhane Üniversitesi Örneği,’’ Gaziantep Univ. J. Social Sci., vol. 20,
no. 4, pp. 1741–1756, Oct. 2021.

[94] S. Guritno and H. Siringoringo, ‘‘Perceived usefulness, ease of use, and
attitude towards online shopping usefulness towards online airlines ticket
purchase,’’ Proc. Social Behav. Sci., vol. 81, pp. 212–216, Jun. 2013.

[95] H. E. Çelik, V. Yılmaz, and M. V. Pazarlıoğlu, ‘‘Teknoloji kabul modeli
ve bir uygulama,’’ Finans Politik ve Ekonomik Yorumlar Dergisi, vol. 47,
no. 540, pp. 41–50, 2010.

SELÇUK KORUCUK received the B.S. degree
in business administration from Inonu University,
the M.S. degree in business administration from
Gumushane University, and the Ph.D. degree
in business administration from Ataturk Univer-
sity. He is currently an Associate Professor of
operations management with Giresun University,
Turkey. He teaches courses in operations manage-
ment and operations research. He has published
more than 50 journals in the related operations

management and sustainability fields. His research interests include process
management, logistics, fuzzy logic, and decision-making.

AHMET AYTEKİN received the M.S. and Ph.D.
degrees in quantitative methods from Anadolu
University, Eskişehir, Turkey. He is currently
an Associate Professor with the Department of
Business and Administration, Artvin Çoruh Uni-
versity, Hopa, Artvin, Turkey. His research inter-
ests include decision analysis, MCDA/MCDM,
fuzzy MCDA/MCDM, data analysis, sustain-
ability, environmental sustainability, performance
analysis, applied multivariate statistics, supply

chain management, logistics, and structural equation modeling.

SARBAST MOSLEM received the Ph.D. degree
in transportation engineering from Budapest Uni-
versity of Technology and Economics, in 2020.
He is currently a Postdoctoral Research Fellow
with the School of Architecture Planning and
Environmental Policy, University College Dublin.
He has been involved in several research projects
on national and international levels. He worked on
several EU projects. He is a Coordinator and a
Principal Investigator of the VOTE-TRA Project,

funded by the Science Foundation Ireland. He is the author or coauthor of
several conference papers and journal articles. His research interests include
transport engineering and planning, logistics, supply chain management,
soft computing, decision policy, fuzzy set theory, sustainability, and citizen
science.

VOLUME 12, 2024 55743

http://dx.doi.org/10.1080/00207543.2019.1677961
http://dx.doi.org/10.1287/mnsc.35.8.982
http://dx.doi.org/10.1504/ijleg.2018.090504
http://dx.doi.org/10.3141/2546-02
http://dx.doi.org/10.5267/j.dsl.2020.11.007
http://dx.doi.org/10.1002/int.22313
http://dx.doi.org/10.1007/s10668-021-01876-1
http://dx.doi.org/10.1287/mnsc.2019.3411

