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Abstract: Logistics companies are increasingly focusing more on technological transformation and 
development to save costs and transition to a more flexible structure, and their business objectives are 
closely tied with this framework. Changing business processes and technological revolutions force logistics 
companies to become more adaptive and agile, demanding the creation of organizational procedures in this 
context. To do this, the technology revolution, also known as logistics 4.0, is gaining popularity in the 
logistics industry and playing an essential role in cost savings for businesses. Logistics 4.0 applications are 
one approach for implementing procedures in logistics organizations in an effective and efficient manner. 
However, logistics 4.0 applications encounter many administrative and operational barriers. In this regard, 
the study identified and weighted barriers to logistics 4.0 applications in logistics companies with corporate 
identities. The polytopic fuzzy RANCOM approach was employed for this aim. The study found that "costs 
of implementing logistics 4.0" and "necessity of implementing process-driven management approaches" 
are the most significant barriers to implementing logistics 4.0, while "existence of cyber-attack threats" is 
the least important criterion.
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1. Introduction
Changing consumer expectations and demands with the phenomenon of globalization 

have led to the proliferation of technology-based elements and thus to the differentiation and 
diversification of the activities to be carried out. So much so that the industrial revolution has 
been effective on logistics activities at every stage, and logistics processes have been affected
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differently in each industrial revolution. Especially in recent years, the development of logistics 
innovation applications capabilities and its impact on the logistics sector has intensely affected 
the logistics sector as it affects all sectors. Because Logistics 4.0 are smart applications that enable 
real-time communication between people and machines as a result of advanced internet usage 
(Korucuk, 2019).

In this context, logistics 4.0 as a concept has emerged with the integration of innovations 
brought by psychological and cyber systems into the logistics sector. The concept is generally 
related to smart products and smart services, and the technology-oriented approach used to 
define these elements is called "smart logistics." This concept will increase the flexibility levels of 
companies, thus enabling them to determine a logistics system that can integrate with the changes 
in market and customer perceptions. Thus, customer satisfaction will increase, production will 
be optimized, and it will become easier to minimize production and storage costs. In addition, 
logistics 4.0 consists of subsystems that are connected to other systems and represents a structure 
that is constantly interacting to ensure its own success (Timm & Lorig, 2015). This concept is given 
as the inclusion of smart services as well as smart products in logistics (Stock & Seliger, 2016).

In another definition, the logistics 4.0 process is defined as systems supported by 
digitalization that meet customer demands and expectations individually and every time, at a 
sustainable cost (Winkelhaus & Grosse 2020). They also stated that logistics 4.0 changes and 
transforms technologies connected to traditional logistics and provides automation and various 
enabling technologies in areas such as transportation, storage, coordination, and communication 
(Facchini et al., 2019).

At the same time, Logistics 4.0 offers various technological innovations to increase the 
efficiency of logistics operation processes. Increased human-machine interaction, automation, 
and digitalization provide benefits such as reduced costs, improved delivery times, reduced 
accident or risk rates, reduced damage, waste, or product losses (Qmen Atli et al., 2017). Also, 
logistics 4.0 relies on the cooperation of all technological foundations in order to achieve the 
change brought about by global competition and changing customer demands. Digitalization is 
therefore a process that needs to be carried out carefully. Additive manufacturing/3D printing, 
augmented reality, big data analytics, blockchain technology, cloud services, collaborative 
planning, forecasting, and replenishment, drones, electronics, data exchange, e-procurement, 
enterprise resource planning, global positioning systems and general packet radio services (GPS 
and GPRS), disruptive technologies such as pick-to-light and pick-by-voice, radio frequency, 
identification, sales and operations planning, the internet of things, transportation management 
systems, warehouse management systems, wearable technologies, and digital twin have started 
to integrate high connectivity and mobile technology capabilities (Mercimek & Gegkil, 2021).

In other words, with Logistics 4.0, the real and virtual world can be fully integrated, 
communication between systems and users can be easily achieved, overall efficiency in the 
supply chain can be increased and lead times can be shortened, costs can be reduced by designing 
products through simulation, the risk of error in all processes can be reduced, data analysis can 
be done more easily, the life of machines can be made longer and more efficient, autonomous 
decisions can be made, and flexibility can be achieved by increasing supply chain visibility 
(Oleskow-Szlapka & Stachowiak, 2019). According to Khan et al. (2022), Logistics 4.0 is still 
evolving and is a difficult concept to adopt initially. For this reason, businesses are looking for a 
decision support system to help them in the decision-making process to adopt Logistics 4.0. At 
this point, in order to implement Logistics 4.0, the support and commitment of the top 
management should be provided both financially and morally. Another factor necessary for the 
effective adoption of Logistics 4.0 is the development of a technological infrastructure. This 
infrastructure can be developed in cooperation with the public and private sectors. At this point,
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the management should be ready to invest in the development of technological infrastructure 
(Khan et al., 2022).

In another study, the challenges that businesses face in adopting Logistics 4.0 are: 
businesses are not willing to adopt new business models; they struggle to combine new 
technologies with legacy systems; they do not make new investments due to cash and capital 
requirements; they lack structured innovation processes; they are not open to external 
ecosystems; and they have difficulty managing financial risk and uncertainty (Bamberger et al., 
2017).

However, the obstacles encountered in logistics 4.0 applications in enterprises are important 
and can have negative effects on business efficiency and performance. In particular, the 
implementation cost of logistics 4.0 transformation in enterprises is high, requiring the purchase 
of various hardware and software and the application of process-oriented management methods. 
In addition, it requires the transfer and implementation of Industry 4.0 technologies and poses 
problems with the availability of data that is difficult to process. Again, logistics 4.0 and digital 
transformation have not reached sufficient awareness within the general framework of the sector, 
and there are obligations for the implementing company to transform all systems and supply 
chains.

Based on all these issues, the study aims to identify the obstacles encountered in logistics 
4.0 applications in logistics enterprises with corporate identity in Istanbul and to rank them. For 
this purpose, a multi-criteria decision analysis approach will be used. This methodology is based 
on PFSs and RANCOM. RANCOM is simple to use, repeatable, intuitive, and provides consistent 
ranking analysis, making it suitable for evaluators and specialists with little or no experience in 
multi-criteria decision analysis. PFSs can model uncertainty in decision-making problems using 
positive, negative, and neutral membership degrees. In other words, membership, opposition, 
and neutral degrees are all considered. Furthermore, PFSs are an extension of spherical fuzzy 
sets, picture fuzzy sets, and q-rung orthopair fuzzy sets. This study will provide a new RANCOM 
extension, IVIF-RANCOM, for dealing with unclear information. In this context, a PF-RANCOM 
technique will be used to effectively express uncertainty to solve the problem in this study.

In the following sections of the study, the literature review on the obstacles encountered in 
logistics 4.0 / logistics 4.0 applications is presented. In the other section, Polytopic Fuzzy Sets 
(PFSs), which constitute the method of the study, explanations about RANCOM and the 
application of the method for Istanbul province are examined. In the last part of the study, 
conclusions and information about future studies are presented.

2. Literature
Some studies in the national and international literature on logistics 4.0 and the obstacles 

encountered in logistics 4.0 applications are given below.
Timm and Lorig, (2015) aim to discuss two integrative approaches to simulate decision 

makers and logistics processes in the context of Logistics 4.0.
Domingo Galindo (2016) assessed the challenges of logistics 4.0 for supply chain management 

and information technology.
Strandhagen, et al. (2017) addressed the challenges in logistics 4.0 implementation, showing 

current trends and providing a model to relate it to different elements of business operations.
Ozdemir and Ozgüner (2018) examined the Industry 4.0 revolution in detail and revealed the 

innovations that this revolution will bring to the logistics sector.
Cimini et al. (2019) a case study analysis is used to present a Logistics 4.0 implementation in 

a real industrial context and its implications for human work are discussed.
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Bag, et al. (2020) investigated the impact of technological capabilities, organizational 
capabilities and environmental capabilities on logistics 4.0 capabilities and examined the impact 
of logistics 4.0 capabilities on firm performance.

Karagoz and Bumin Doyduk (2020) studied the perspectives and implementation levels of 
logistics 4.0 of enterprises providing logistics services in Turkey.

Gonger Demiral (2021) started from the historical development of Industry 4.0 in the 
conceptual framework and examined its effects on Logistics 4.0.

Tag and Bagaran Algoz (2021) made a literature review by examining the industrial 
revolutions in order and mentioning the components of logistics 4.0.

Dixit and Verma (2022), identified, assessed and contributed to the measurement of new risks 
for logistics 4.0

Ceran et al. (2022) defined logistics costs in international strategic marketing decisions and 
logistics 4.0 applications and analytically measured the impact of logistics costs on the 
profitability of businesses.

Turgut and Gursoy (2023) analyzed a total of 127 studies on Logistics 4.0 in the Web of Science 
database between 2015 and 2022.

Ferraro et al., (2023) made the best technology selection for internal material handling within 
the framework of sustainable logistics 4.0.

Erdal (2024) examined the use of smart technologies in logistics and supply chain 
management.

Qmen Atli et al. (2024) revealed the perception of Logistics 4.0 among logistics companies in 
Turkey, the stage it is at, the level of awareness on the subject, important issues and success 
factors.

Nila and Roy (2024) identified the critical success factors in logistics 4.0 applications with 
multi-criteria decision analysis methods.

In the detailed literature review given above, few studies on the obstacles encountered in 
logistics 4.0 implementation have been identified. At this point, it is thought that the study will 
contribute to the literature.

3. Methodology
Multi-criteria decision analysis methods are frequently employed in the formulation and 

resolution of problems with conflicting criteria. In this context, many methods have been 
developed for different purposes, including weighting, selection, ranking, and classification. 
Furthermore, the presence of uncertainty in decision-making problems has resulted in the 
development of fuzzy sets-based extensions of multi-criteria decision analysis methods. The 
purpose of this study is to determine the importance of the barriers to logistics 4.0 applications. 
The Polytopic Fuzzy RANCOM technique will be used to achieve the stated aim. The next 
subsections will provide explanatory information on Polytopic Fuzzy Sets and the Polytopic 
Fuzzy RANCOM method.

3.1. Polytopic Fuzzy RANCOM

The polytopic fuzzy set (PTFS) was proposed by Bet et al. (2022). PTFS is a generalization of 
spherical fuzzy sets (SFSs), picture fuzzy sets (PFSs), and q-rung orthopair fuzzy sets (q-ROFSs) 
to solve decision-making problems including uncertainty and imprecision (Beg et al., 2022; 
Korucuk & Aytekin, 2024). In this study, we proposed the PTF-RANCOM to determine criteria 
weight coefficients.

Let A be a universe of discourse. A PTFS Z of X can be written as Z =  
{(x ,az (x),pz (x),Çz (x) ):xeX}. In this context, a z : X ^ [ 0,1] depicts the positive membership
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degree, yz :X ^  [0,1] denotes the neutral membership degree, and £Z:X ^  [0,1] is the negative 
membership degree of xeX to PTFS Z, where 0 <  a z (x)q+ y z (x)q+^z (x)q <  1 (Bet et al., 2022; 
Aytekin and Korucuk, 2024). To provide simplicity in this study, ( a ,y , 0  is called PTF number 
(PTFN). Assume that z =  (a, y, £}, zx =  (a1, y1, <!), z2 =  (a2,y2, <'2) are three PTFNs, then the basic 
operators, score function (S(z)), and accuracy function (,A (z )), and are stated in Eq.s (1)-(7).

Z1®Z2 =  ( ( a l  +  a2 — a \ a * )r/q ,r)1r}2,id2) (1)

Z 1 0 Z 2 =  (f t  +  f t  — f t f t ) 1/q) (2)

z x =  ( a x, yx, (l  — (1 — Çq) x)1/q) (3)

zX =  ((l — (1 — a q)x) 1/q ,y x, f t ) (4)

z c =  (( ,y ,a ) (5)

S (z) =
1 +  a q +  yq — Çq 

3 (6)

<A(z) =
1 +  ma x (a q,y q) — Çq 

2
(7)

PTF weighted aggregation (PTFWA) operator is given in Eq. (8), where Zi is PTFN for i =  
1 , .. . ,m.  In Eq. (8), k  denotes the weight vector, where k =  1 , ...,r.

PTFWA(z1 z j  =  <
m  \ 1/ q '\

i —n ( i —a' n  r n - c n o
1= 1 1=1 1= 1

(8)

PTF-RANCOM implementation steps are given below (Wi^ckowski et al., 2023).
Step 1. Criteria and experts (or decision-makers) are determined. C1, . , C n denotes criteria, 

while E1,...,Er shows experts.
Step 2. Experts evaluate the importance level of criteria. For this purpose, the linguistic terms 

listed in Table 1 are employed (Korucuk & Aytekin, 2024; Aytekin & Korucuk, 2024).

Table 1. Linguistic terms for evaluation of criteria.

Corresponding PTFNs

Linguistic Terms Codes a n c

Very Very High Importance VVH 0.95 0.05 0.05

Very High Importance VHI 0.85 0.15 0.15

High Importance HIG 0.7 0.3 0.3

Slightly More Importance SMI 0.55 0.45 0.45

Moderate Importance MOI 0.5 0.5 0.5

Slightly Low Importance SLI 0.45 0.55 0.55

Low Importance LOI 0.3 0.3 0.7

Very Low Importance VLI 0.15 0.15 0.85

Very Very Low Importance VVL 0.05 0.05 0.95
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The importance of each criterion is shown by ijk =  (ajk, pjk, (jk).
Step 3. The weight coefficients of experts (Ak) are determined, where Yfk=1^k =  1, and 0 <

4 < 1 -
Step 4. The integrated PTF importance values of criteria are obtained via PTFWA operator. 

Eq. (9) is used for this purpose, where k =  and j  =  1 ,...,n.

1/q \

1  =  <\ i - n ( i - “j ) ' * )
&k\ 

j k  ' (9)
k = 1 k = 1 k = 1

r r r

Step 5. The crisp value of ij is obtained by applying Eq. (6).
Step 6. The ranking order of criteria (^f) is obtained based on S(ij) values. The criterion with 

the highest score places first in the ranking. At the same time, the criteria are sorted from largest 
to smallest based on their S(ij) values.

Step 7. The ranking comparison matrix B =  is formed using Eq. (11), where g , j  =
1, ...,n.

n , i f  hg < h j
bg j = \ o .5  , i f  hg =  hj (10)

{ 0  , i f  hg > h j

As seen in Eq. (10), if the ranking order of criterion g  equals the ranking order of criterion j, 
then bgj =  0.5

Step 8. The horizontal vector of the summed criteria weights (hj) is obtained via Eq. (11).
n

h  ^  tyg (11)
g=i

Step 9. The weight coefficients of criteria are obtained via Eq. (12).

where 0 <Wj < 1  and 'Zj=1 wj =  1.

W j =
SCj (13)

4. Results
This study investigated the barriers that businesses encounter when implementing Logistics 

4.0. For this purpose, the PTF-RANCOM method is employed. A list of the barriers is given in 
Table 2.

Table 2. The list of criteria
Codes Criteria Source(s)

C1 Costs of implementing logistics 4.0
Oleskow-Szlapka and 
Agnieszka Stachowiak, (2019).

C2
Necessity of implementing process-driven 
management approaches

Korucuk et al.,(2023).

C3
Problems with data usability that are challenging 
to handle

Erdogdu (2021).

C4
Insufficient awareness of digital transformation 
within the sector
Challenge of establishing a network of IT service

Szymanska, et al., (2017).

C5 providers and the necessity of continuous 
communication

Erdogdu (2021).
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C6 Existence of cyber-attack threats Gorçün et al., (2024)
C7 Employees' resistance to transformation Aytekin et al., (2024).

C8 Difficulty in changlng and transfoilnin§ Aytekin et al., (2023).
_________ organizational structures__________________________ ______________________________

Three experts with experience in this area were interviewed in order to find a solution to the 
studied problem. The experts hold positions as logistics operations managers and 
warehouse managers. Table 3 presents the linguistic assessments of the experts with respect to 
the criteria.

_________ Table 3. The linguistic evaluations of criteria_________
C1 C2 C3 C4 C5 C6 C7 C8

Expert 1 VVH VVH HIG HIG VHI SMI VHI HIG

Expert 2 VHI HIG HIG HIG HIG SMI HIG HIG

Expert 3 HIG VHI HIG VHI HIG HIG HIG VHI

The integrated PTF importance values of criteria are given in Table 4. Besides, S(ij) and Sj 
values are presented in Table 4.

Table 4. The integrated PTF importance values
C1 C2 C3 C4

a H c a n c a n c a n c

li
0.874 0.131 0.131 0.874 0.131 0.131 0.700 0.300 0.300 0.766 0.238 0.238

7 0 0 7 0 0 0 0 0 2 1 1

s ( h)
0.556

4
0.556

4
0.447

7
0.483

3

S 1 1 7 3
C5 C6 C7 C8

a H C a n c a n c a n c

h
0.766 0.238 0.238 0.612 0.393 0.393 0.766 0.238 0.238 0.766 0.238 0.238

2 1 1 7 1 1 2 1 1 2 1 1

S(tj)
0.483

3
0.410

0
0.483

3
0.483

3

S 3 8 3 3

Table 5. The weighting results of PTF-RANCOM 

Ranking Comparison Matrix
C1 C2 C3 C4 C5 C6 C7 C8 hj Wj Ranking

C1 0.5000 0.5000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 7.0000 0.2188 1
C2 0.5000 0.5000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 7.0000 0.2188 1
C3 0.0000 0.0000 0.5000 0.0000 0.0000 1.0000 0.0000 0.0000 1.5000 0.0469 7
C4 0.0000 0.0000 1.0000 0.5000 0.5000 1.0000 0.5000 0.5000 4.0000 0.1250 3
C5 0.0000 0.0000 1.0000 0.5000 0.5000 1.0000 0.5000 0.5000 4.0000 0.1250 3
C6 0.0000 0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000 0.5000 0.0156 8
C7 0.0000 0.0000 1.0000 0.5000 0.5000 1.0000 0.5000 0.5000 4.0000 0.1250 3
C8 0.0000 0.0000 1.0000 0.5000 0.5000 1.0000 0.5000 0.5000 4.0000 0.1250 3
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According to findings given in Table 5, the most important criteria are C1 (costs of implementing 
logistics 4.0) and C2 (necessity of implementing process-driven management approaches). On the 
other hand, the importance ranking order of the criteria is C1~ C2> C4~ C5~ C7~ C8> C3> C6.

5. Conclusions
One of the ways to ensure customer satisfaction in today's businesses and to get ahead of 

competitors is through the effective use of technology, i.e. logistics 4.0 applications. Especially 
logistics 4.0 applications provide added value to businesses and increase productivity. However, 
logistics 4.0 applications in enterprises cannot be realized at the desired level and face various 
obstacles and difficulties. This situation causes loss of efficiency and performance especially in 
logistics enterprises and negatively affects business processes. Therefore, the relevant issue is one 
of the sensitive issues that logistics business managers should focus on and pushes them to think 
in this perspective.

In this framework, the study investigated the obstacles encountered in logistics 4.0 
applications in logistics enterprises with corporate identity in Istanbul. According to the results 
of the study, the most important factors regarding the obstacles encountered in logistics 4.0 
implementations are "Costs of implementing logistics 4.0", "Necessity of implementing process- 
driven management approaches", "Insufficient awareness of digital transformation within the 
sector", Challenge of establishing a network of IT service providers and the necessity of 
continuous", 'Employees' resistance to transformation" and "Difficulty in changing and 
transforming organizational structures". The obstacles encountered in logistics 4.0 applications 
with the least importance level are "Existence of cyber-attack threats" and "Problems with data 
usability that are challenging to handle", respectively.

The results obtained within the scope of the study bring the cost phenomenon, effective 
process approach and digital transformation awareness to the forefront. Because the 
phenomenon of competition, which is a consequence of globalization in enterprises, has made 
the management and perception level of costs and processes difficult and made service and 
management systems complex in geographical locations. In order to manage these complex 
processes, businesses in particular must make extensive use of information, communication and 
the internet, which are the key components of logistics 4.0. In this way, in addition to increasing 
productivity, logistics 4.0 will provide competitiveness in all units of enterprises from production 
to logistics, from finance to human resources.

In addition, the success of logistics 4.0 can actually be possible by ensuring the security of 
business data and protecting it against attacks. Therefore, it can be considered as another issue 
that businesses should make more effort to provide a secure technological infrastructure 
applicable to the success of logistics 4.0.

Also, it is foreseen that logistics 4.0 applications will help the integration of the supply chain, 
efficient use of information communication infrastructure, real-time collaboration, supply chain 
quality management and logistics processes integration. In this context, smart logistics processes 
and activities can be created with augmented reality, big data, simulation, smart objects, 3D 
printing, cloud computing, vertical and horizontal system integration and autonomous robots, 
which are the instruments on which the logistics 4.0 concept is based, so it will be possible to 
make the smart value chain structure applicable at the distribution and production stage.

The results of the study reveal the problems related to logistics 4.0 in logistics enterprises and 
offer various ideas and strategies to business managers within the framework of technological 
transformation. At this point, the results of the study can be considered as a road map in 
eliminating the above-mentioned risks and problems, as well as a guide in filling an important
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gap. Moreover, the study can be evaluated with other multi-criteria decision analysis approaches 
or other parametric or non-parametric methods in the future.
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