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RESEARCH ARTICLE

Enhancing Network Performance in Mitigating the Impact of Traffic
Accidents with Full User Information

Seyyed Nader Shetab Boushehri' ©, Hossain Poorzahedy? ©, Reza Mahmoudi?®

!(Assoc. Prof.), Isfahan University of Technology, Department of Industrial and Systems Engineering, Isfahan, Iran
2(Prof.), Sharif University of Technology, Department of Civil Engineering Tehran, Iran
3(Dr.), University of Calgary, Department of Civil Engineering, Alberta, Canada

ABSTRACT

This paper presents a novel approach aimed at bolstering network resilience against traffic accidents, particularly when users
possess complete information about accident locations. Two new measures are introduced to evaluate the performance of the
network and the importance of a link within the network. In addition, an objective function is designed to quantify optimal trip
scheduling following an accident that guides investment decisions in network infrastructure. Additionally, we propose a model for
addressing the Accident Improvement Problem and put forth a heuristic algorithm to solve this model. To illustrate the feasibility
and effectiveness of the proposed methodologies, we present and analyze two illustrative examples, one at a small scale and the
other at a medium scale. The findings underscore how the occurrence of accidents can markedly alter the importance of a link
within the network during time. Unlike the prevailing trend in existing studies, which often overlook the repercussions of accidents
on traffic flow along other links, our research highlights the importance of considering the impact of newcomers on the routes of
existing travelers within the network. These findings demonstrate that such considerations can significantly influence the overall
performance of the network in the event of an accident.

Keywords: Network performance measure, Link importance, Accident improvement problem, Accident prevention.

1. Introduction

Traffic accidents leave considerable undesirable effects in terms of property losses, injuries, and deaths, as well as family
disruptions and societal economic disutility. In addition to personal costs, there are significant social damages that include those
related to Emergency medical services, hospitals and legal (Karatas and Yakici, 2021). An accident can make the performance
of the transportation network unsustainable and results in noticeable costs upon other users of the networks in the form of traffic
delays and congestion.

Traffic accidents exact a heavy toll, resulting in significant property damage, injuries, fatalities, and profound societal and
economic consequences. These consequences encompass personal hardships, including physical injuries and emotional trauma, as
well as broader societal burdens, such as increased demands on healthcare systems and legal processes. Moreover, traffic accidents
disrupt the normal functioning of transportation networks, leading to noticeable costs for other users, such as traffic delays and
related inconveniences (Ji et al., 2019; Zhang and Xiong, 2017).

The occurrence of traffic accidents not only reduces road capacity but also unpredictably extends travel times for network users,
resulting in a diminished level of service and increased traffic congestion. Traffic congestions as well affect the performance of the
network and its reliability and sustainability, significantly (Sharma and Chauhan, 2022). To circumvent the uncertainties associated
with accident-related delays and the anxiety of potentially missing scheduled arrivals, travelers are inclined to seek alternative
routes as soon as they become aware of an accident, irrespective of the severity of the delay (Qiao et al., 2014). Consequently,
users are willing to incur certain costs to avert uncertain delays, which they perceive concerning their origin-destination (O-D)
travel time. In cases where suitable alternative routes are unavailable, travelers are forced to endure prolonged delays caused
by the accident, resulting in traffic congestion and highly inefficient urban transportation network performance, a detriment to
both network managers and users (Mahmoudi et al., 2019). On the other hand, the absence of viable substitute routes not only

Corresponding Author: Reza Mahmoudi E-mail: reza.mahmoudi @ucalgary.ca
Submitted: 28.09.2023 e Revision Requested: 31.12.2023 o Last Revision Received: 15.01.2024 o Accepted: 15.01.2024 ¢ Published Online: 04.03.2024
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affects those directly impacted by the accident but also causes unwarranted delays for users on the designated alternative routes.
Depending on the duration of the accident and its residual effects on traffic flow, this may create a second wave of substitute route
seekers, and so on. In this process, a portion of the O-D trips becomes unsuitable, adding to the overall disruption (Poorzahedy and
Bushehri, 2005). Therefore, it is imperative to conduct further research to comprehensively explore and analyze the ramifications
of traffic accidents on the performance of urban transportation networks.

Research on the evaluation of street network performance under uncertain future conditions can be broadly categorized into two
main groups (Chen et al., 2011; Lam, 1999). These groups address distinct aspects of network performance and disruptions. The
first group of studies focuses on recurrent congestion, which arises from random fluctuations in demand and supply (capacity)
within the network. In particular, the fluctuations in supply may, in part, result from user behavior. In recurrent congestion
scenarios, users typically experience less time pressure because they have the opportunity to employ preventive strategies, such
as selecting alternative routes or adjusting their departure times to mitigate anticipated delays (Huang et al., 2018). Conversely,
the second group of studies aims to assess network performance in the presence of non-recurrent congestions. Non-recurrent
congestions manifest as disruptions caused by events with both long-term and short-term effects. Long-term effects can stem from
events like earthquakes, floods, or network maintenance operations, while short-term effects often result from incidents such as
traffic accidents (Yu et al., 2016). In scenarios characterized by non-recurrent congestion, travelers face greater time constraints
and a higher degree of uncertainty, as these disruptions are typically unexpected. Unlike recurrent congestion, where travelers
have the opportunity to plan ahead, non-recurrent congestion events necessitate real-time decision-making and adaptation to the
immediate circumstances.

The modeling of non-recurrent congestion in transportation networks initially emerged as an endeavor to quantify the adverse
consequences stemming from capacity reductions on specific network links (Chen et al., 2002; Dhahir and Hassan, 2019). Within
the realm of urban transportation networks, various types of network disruption problems, each targeting different objectives
or outcomes, have been explored (Adelé et al., 2019). Some studies aim to pinpoint the links most in need of improvement or
protection as a resource-allocation measure (Murray-Tuite and Mahmassani, 2004; Poorzahedy and Bushehri, 2005; Sohn, 2006).
While significant work has been undertaken to evaluate and enhance network performance in non-recurrent congestion scenarios
characterized by long-term effects, the literature is relatively sparse when it comes to non-recurrent congestion with short-term
impacts, such as traffic accidents. There is a dearth of research addressing both the analysis of network performance and the
development of measures to improve it in such situations. Sans6 and Soumis (1991) introduced a method for assessing network
performance under uncertain conditions, presenting a 3T model specifically designed to analyze traffic accidents in transportation
networks. This model encompasses three distinct phases: before the accident, immediately after the accident, and after users
have received information about the accident occurrence. Poorzahedy and Bushehri (2003) formulated two problems related to
accident management in urban street networks, namely Accident Prevention (AP) and Accident Mitigation (MP). AP focuses
on enhancing critical links to maximize a network performance metric, while MP seeks to optimize network connectedness by
maximizing a different performance measure. Both of these problems are grounded in the concept of link importance. Huang et
al. (2018) conducted an analysis of the impact of non-recurrent congestion on drivers’ speed choices and aggressive behaviors
using a substantial dataset of taxi floating car data.

A widely adopted approach in the literature for enhancing the resilience of transportation networks against the impacts of
accidents involves the identification of critical nodes or links within the network and allocating resources to them strategically.
In this regard, Zhou and Wang (2017) integrated a ranking method with an innovative mesoscopic model aimed at assessing the
performance of urban transportation networks and identifying critical links within these networks, considering the vulnerability
and potential of each link. The proposed model was based on the cell transmission model and was applied to real-scale networks,
demonstrating its practicality and effectiveness in improving urban transportation systems. Drawing on graph theory, transportation
network design, and urban planning principles, Psaltoglou and Calle (2018) proposed a methodology for identifying critical points
in urban transportation networks, with the goal of optimizing the allocation of city resources. They defined the criticality of a
node as the connectivity and activity density of that node over time. To evaluate the connectivity of a node, they took into account
various factors, including vehicle capacity, distance, and frequency. For assessing activity density, they relied on indicators such
as population density, land use, and urban form. Ghavami (2019) developed a multi-criteria integrated model for identifying
the most crucial between cities roads within the network to inform decision-making in disaster scenarios. The proposed method
was an integrated Geographic Information System (GIS) and Multi-Criteria Decision Making (MCDM) approach to sort data,
identify evaluation criteria and rank links using the Analytic Hierarchy Process (AHP) technique. Vodék et al. (2019) introduced a
deterministic algorithm designed to identify the most critical links within the network. The proposed algorithm was centered on the
search for the shortest cycles and introduced a measure based on standard deviation to assess the vulnerability of a link. The main
advantage of their algorithm was being rapider than algorithms that necessitate a comprehensive scan of the entire network, such as
the brute-force algorithm. Tian et al. (2019) developed an approach to identify key links within urban transportation networks. Their
method primarily relied on the temporal-spatial distribution of traffic congestion and encompassed three key phases: identifying
congestion states, computing the time distribution of congestion states, and determining critical links within the network. They
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utilized time-interval coverage as a metric to classify a link as either critical or non-critical. Lin and Lin (2022) focused on the
evaluating the vulnerability of transportation systems and proposed a novel framework to identify the most vulnerable components
in transportation networks. They developed a nonlinear programming considering equilibrium constraints and users’ route choices.
They also suggested a short-term planning and a long-term planning vulnerability measure to identify vulnerable components.
Vodik et al. (2022) investigated the problem of identifying combinations of road links that can cause severe network disruption
when blocked simultaneously. To this end, they used three modified metaheuristic algorithms, including Simulated Annealing,
Guided Local Search, and Variable Neighborhood Search, and compared their performance. Applying these algorithms to four
real world networks, they showed that Simulated Annealing outperformed other algorithms. Iliopoulou and Makridis (2023)
a multi-objective optimization was introduced for identifying critical disruption scenarios in public transport networks. They
employed a transit assignment model to gauge passenger reactions to these disruptions. The method generates combinations of
transit network link failures that maximize unsatisfied demand and additional travel time, encompassing passengers with no viable
travel alternatives and those whose optimal paths are changed. Their results indicated that optimization-based attacks can reveal
scenarios with significant passenger disconnections and elevated detour costs, outperforming single-objective and centrality-based
approaches in identifying critical disruptions.

In this paper, we introduce a novel method aimed at enhancing the performance of urban networks during instances of non-
recurrent congestion, with a particular emphasis on traffic accidents. Our approach centers on the identification of crucial network
links, and subsequently, the optimization of these links using the limited available resources to achieve the maximum improvement
in the performance of the network. In comparison to existing research, this study offers several notable contributions:

¢ In contrast to most existing studies, which often assume that the alteration of travelers’ routes due to accidents on their
intended paths has a negligible effect upon the level of service offered to other travelers, so that they keep on using their usual
paths and that their trips remain suitable (Ghavami, 2019; Poorzahedy and Bushehri, 2003, 2005), this paper takes a more
realistic approach. We acknowledge that in the real world, the redirection of travelers can have significant repercussions on
network performance and user experiences. As such, we address this assumption to better align our model with real-world
scenarios.

e some prior research has focused on evaluating trip suitability based on the moment when the network state changes due to
an accident (i.e., transitioning to state). These studies have utilized the metric of "remaining time-hour" to gauge network
performance after the accident (Ghavami, 2019; Poorzahedy and Bushehri, 2005). In this study, we introduce an improved
measure, the mean total “suitable trip-hour” in the network after accident occurrence, to more accurately assess network
performance, considering the suitability of trips over time.

e Previous approaches solely measure link importance by considering the presence or absence of that link (Ghavami, 2019;
Poorzahedy and Bushehri, 2005). This study not only assess a link’s importance in facilitating suitable paths for network
users but also gauge its significance in providing alternative routes to users who have another accident-struck link on their
intended paths as well.

e Our proposed approach in this paper places a strong emphasis on network reliability in the face of incidents hampering
flows. We introduce a relevant and effective importance index for network links, with the primary objective of solving a
network design problem aimed at enhancing the network’s resilience to such incidents. While the problem we address is of
significant importance to cities worldwide, especially those grappling with congestion, to the best of the authors’ knowledge
only a limited number of studies have explored this issue to date (El-Maissi et al., 2020; Iliopoulou and Makridis, 2023; Ma
et al., 2022). This underscores the novelty and importance of our research in addressing a critical challenge faced by urban
transportation networks.

According these discussions, Table 1 presents a brief comparison between the current study and previous studies.

o Realistic Approach to Traffic Redirection: Acknowledges the significant impact of traffic redirection on network perfor-
mance and user experience, challenging the assumption that traffic alterations due to accidents are negligible.

e Advanced Network Performance Measurement: Introduces the "suitable trip-hour" metric, providing a more accurate
assessment of network performance post-accident over time.

e Comprehensive Link Importance Assessment: Evaluates link importance not only by their presence but also by their role
in providing alternative routes during accidents.

o Network Reliability and Resilience: Focuses on enhancing network resilience to incidents, introducing a novel importance
index for network links to solve network design problems related to congestion and accidents.

e Accident Improvement Model: A new model is proposed for addressing the Accident Improvement Problem.

e Heuristic Algorithm: The paper proposes a heuristic algorithm as a practical solution to the model, highlighting its efficacy
through illustrative examples.
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The remainder of this paper follows this structure: Section 2 introduces the relevant definitions, underlying assumptions, and
the notation employed. In Section 3, we present our proposed model. Section 4 outlines the solution procedure suggested to solve
the proposed model. To demonstrate the practicality and effectiveness of our algorithm, we solve and analyze several numerical
examples of varying scales, encompassing both small and medium sizes, in Section 5. Lastly, in Section 6, we conclude the study

Table 1. A brief comparison between the current study and previous studies

Main features

Previous Research

Current study

Network Performance
Measures

Approach to Traffic
Accidents

Traffic Redirection
Impact

Link Importance
Assessment

Modelling Techniques
Solution Methods

Impact Analysis

Limited to standard metrics like
travel time and delay

Focus on long-term effects or general
congestion

Assumes negligible impact of traffic
redirection due to accidents

Measures link importance based on
presence or absence

Traditional models without real-time
data integration

Conventional algorithms

Overlooks the dynamic nature of
accidents

Introduction of new measures considering
full user information

Specific focus on accident impact and
immediate response

Realistically assesses significant impacts

of traffic redirection on network

performance and user experience

Evaluates link importance in facilitating

suitable paths and providing alternative

routes during accidents

Novel model integrating real-time accident

information

Advanced heuristic algorithm for practical

application

Detailed analysis of the temporal impact of
accidents on links

and outline potential avenues for future research.

2. Notations

Suppose that accidents take place in the network links (intersections can be represented by links). The state of the network at any
given time can be represented by c=(...,c;;...), where ¢;; = 1/0 shows that in the meanwhile no/an accident has occurred in link
(i,j) . Therefore, c°=(1,...,1,...,1) is the state of the network with all links in no accident condition. This state is called the prevalent

state. The following notations are used in the modelling the problem in this study:

\%4
A

N(V,A)

the set of nodes
the set of links

the urban transportation network

the set of origins

the set of destinations

the number of nodes where n = |V|

the set of O-D pairs
a pair of O-D nodes
demand of (k,s)

the current state of the network

the state of the network after an accident
shortest travel time of in prevalent state
the travel time from origin k to destination s in state ¢ (t** (c°) = t*%)

the average travel time from node j to destination s when the network is in state c .
the set of paths in the network from origin & to destination s

the user equilibrium flow in path p during prevalent state where pep* and (k, s)eP
the user equilibrium flow in link (i,j)
the average travel time on link (i,j)
the number of passengers on link (i,j)
the number of passengers travelling between origin k and destination s on path p
the number of passengers on link (i,j) originating from k and heading to s

the number of passengers on link (i,j) going to s , where m;
the probability of no accidents occurring in link (i,j) during a specific time period, e.g. a peak period or rush hour

s _ ks
i zkeomij

the state of the network in which only link (i,j) has been affected by an accident
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3. The proposed model

In this section, we present a model designed to enhance network performance when accidents occur. The core concept of
our model revolves around the identification of important links in the network, and the allocation of resources to these links
within the resource constraints. Investing in the important links is expected to yield the most substantial improvements in network
performance.

3.1. Network’s Performance Measure

Assume that the probability of an accident occurring in a particular link during the analysis period is known. This probability
can be estimated based on historical data from previous periods. Additionally, we presume that all users within the network receive
accident information promptly following its occurrence, typically through channels such as radio broadcasts or variable message
signs. It is a common trend that travelers who initially planned to traverse the link affected by the accident on their routes to their
respective destinations often opt to modify their routes, irrespective of the accident’s severity. This study considers the following
assumptions:

Assumption 1. The probability of an accident occurring over a link is uniformly distributed along the length of that particular
link. If this condition is not met, the links are redefined by segmenting them into smaller links to meet this condition.

Assumption 2. Accident events are assumed to be independent of one another, both within the network as a whole and within
individual links of the network.

Assumption 3. Travelers along a given path are considered to be uniformly distributed along the entire path. Based on this
assumption, travelers are uniformly distributed along every individual link within a path. Furthermore, it can be demonstrated with
ease that the number of trip-makers on a link within a path is directly proportional to the travel time associated with that specific
link on the path. Additionally, the number of trip-makers traveling along a particular path between an O-D pair is proportional to
the travel time associated with that specific path (Detailed proofs can be found in the Appendix).

To facilitate further discussions, we classify trips into two distinct groups: suitable trip and unsuitable trips. For a predefined
standard threshold 8% (e.g., 8% = 1.2), trip from origin k to destination s in state ¢ is suitable if t*S(c) < %5 .t*S ; otherwise, it is
categorized as unsuitable. t** is shortest travel time from k to s in prevalent state. A suitable trip with a duration of *%(c) has r**
suitable trip-hours.

Regarding the accident occurring within a link, trip-makers within the network can be classified into three distinct groups. The
first group consists of travelers currently situated within the accident-affected link. If the accident lies ahead of these travelers,
they have no choice but to proceed through it, rendering their trips unsuitable. Conversely, if the accident is located behind them
as they travel, they continue their journeys unimpeded, ultimately reaching their destinations suitably. The second group includes
travelers who have the accident-affected link on their routes from origin to destination and receive immediate accident notifications.
Upon receiving this information, they make route decisions based on their perceptions of link travel times before the accident,
despite the possibility of these times changing due to route adjustments made by other travelers in response to the accident. The
third group consists of travelers whose routes do not include the accident-affected link. These travelers maintain their original
pre-accident routes. However, their travel times can fluctuate, either increasing or decreasing, as a result of route modifications
made by passengers who initially had the accident-affected link on their pre-accident routes. Consequently, the journeys of travelers
in this group may become unsuitable due to these alterations. Previous studies have typically overlooked the impact of newcomers
on the routes of existing travelers within the network.

To effectively gauge user satisfaction and subsequently improve network performance during traffic accidents, the development
of a robust objective or evaluation criterion is essential. The commonly used objective function in previous studies, namely the
total suitable trips in the network after an accident, lacks the required precision. This criterion fails to distinguish between short
and long trips impacted by accidents. Therefore, in this study, we introduce a new metric as our objective function, termed Total
Suitable Trip-Hours. This measure provides a more nuanced and accurate assessment of the network’s performance by considering
not only the suitability of trips but also their duration, ultimately offering a more comprehensive evaluation of user satisfaction.

Let E(c) and E (¢°) represent the mean total suitable trip-hours in the network in states ¢ and ¢° , respectively, where ¢ denotes
the current state of the network and ¢° is the state of the network without any accidents across the entire network. The Performance
Index (PI) of the network in state ¢ can be defined as follows:

PI(c) = E(c)/E(c”) €]
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Based on the assumptions, the mean fotal suitable trip-hours of the travelers on link (i,j) heading to destination s in state ¢ of
the network, E fj(c), can be determined as follows:

ZHCEDY

keO

mfi —mfy (t’“/z)z,-<c>] 2% () @

where Z; ;j (c) is a binary variable, taking the value of 1 if an accident occurs in link (7,j) in state ¢, and O otherwise. Z7%s (¢)is a
binary variable equal to 1 if a trip from & to s passing through node j remains suitable in state c, and 0 otherwise. Egs. (1) and (2)
result the following formulation to obtain Pl(c) :

PI(c) = Z Z Z (qﬂ’“ - l//f’“(c)).zf’“(c) 3)

jeVseD keO

where:

d)jks(c‘)z Z Z X/I)o",t,-j.6f]‘-",p.;’<s/ Z dks'(tks)z “4)

pepks (i,j)eBJ (k,s)eP

2
= > D Xk 5’<S,p.(th/2).z,-j(c)/ > d’”.(r’“) ®)

pepks (i,j)€B(j) (k,s)eP

additionally, B(j) is the set of links with their head node j . 5k‘p is a binary variable, equal to 1 if link (i,j) belongs to path p
from origin k to destination s, and 0 otherwise. Please refer to the Appendix for a comprehensive explanation and detailed proofs
of egs. (2) and (3).

With these considerations in place, we define the Expected Performance Measure (EPM) of a network under the effects of traffic
accidents as follows:

EPM = E[PI] Zp(c) PI(c) (6)
ceC

where p(c) is the probability of state ¢ of the network, and C is the set of the states that may happen to the network.

3.2. Link Importance Measure

In order to effectively enhance the performance of an urban transportation network in its ability to withstand the impacts of
traffic accidents while operating under full user information, it is crucial to possess a guiding measure for identifying the weak
links of the network. Improving these vulnerable links can lead to a substantial upgrade in the overall network performance. The
importance of link (m,n) in the network, I,,,, , can be defined as the rate of change of EPM with respect to the change in the
probability of non-failure o the prevalent situation on this link as follows:

Based on this definition, the following approximation can be employed to quantify the importance of a link within the network:

Jorfean])

1-PI (c‘imn)l measures the reduction in the network performance when only link (m,n) experiences

I—PI(C_mn) +Z(u,v)eA Pl C

L = (P(CO)/Pmn){

(1 - PW)/Puv

where (p(c®)/pmn)
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failure due to traffic accidents. This term, indeed, represents the importance of link (m,n) in providing suitable paths for network

users. However, (p(c°)/pmn)2(u’v)eAl(l - PW)/Puv PI( _uv) Pl|c

(m,n) in combination with the other links in the network. Hence, this term shows the importance of link in providing alternative
paths to the destinations of the users deprived of access to another accident-struck link. Essentially, it indicates whether link (m,1)
belongs to one or more effective alternative paths. Detailed proofs for eq. (8) can be found in the Appendix.

oy _mn)l signifies the pair-wise importance of link

Substituting eq. (3) in will result:

( p<c°>/Pm,,)

1 _PI(Co—mn)l (P(C /Pmn)) jeV erD ZkeO @jk.& Z]ks(C )l
©))
+ ( p(CO/Pmn)) ZjeV ZseD ZkeO wjks(cimn)'zjks(cinn)

where in eq. (9), the first term measures the importance of link (m,n) in providing suitable paths for network users, while the
second term reflects the importance of link (m,n) in facilitating suitable trips for passengers using this link. In addition, based
on egs. (6) and (7), the changes in the EPM over a specific alternative improvement action of w for any link can be obtained as
follows:

Z (EPM)

d(EPM) = T

YEPM)
5 A(Pmn)d(Pmn) = Pmna’,‘;‘}1 nyYw = Imanna'mn (10)
(Pon)d (o) oy (; Bpy P = 2

(m,n)

where an alternative improvement action refers to a candidate action to reduce the likelihood of a traffic accident occurring
on a specific link, consequently enhance its probability of survival.a)¥, is a ratio that quantifies the extent to which the survival
probability of link (m,n) is augmented through the implementation of the alternative action w.

3.3. The Proposed Model for Accident Improvement Problem

In this section, building upon the measures introduced in the previous sections, we formulate a mathematical programming,
named Accident Improvement Problem (AIP), to improve the network’s performance in mitigating the adverse effects of traffic
accidents as follows:

AIP :
Wmn

Max 3" 3 L Ponti, | Zons

(m,n)eA w=1
s.t. (11

vz, <1 V(m,n)eA
S ZemmeninZy, < B! Vi=1,..L
Zy.€{0,1} Y(m,n)eAwe{l, ..., Wyun}

where Z)7 is a binary variable, which is 1 if action w is selected for link (m,n), 0 otherwise. W, is the total number of alternative
improvement actions to reduce the likelihood of traffic accidents on link (m,n). L denotes the number of distinct resource types
available for the implementation of improvement actions.B’ represents the available quantity of recourse type , and ¢/, is the
resource requirement of resource type / necessary for the execution of alternative action w on link (m,n) . In the context of the
AIP, decision-makers must determine which alternative actions should be applied to each link in order to achieve the maximum
improvement in the network’s performance against the impact of traffic accidents. Hence, the objective function in model (11)
maximizes the cumulative enhancement in the survival probabilities of the candidate links within the network, with weights
assigned based on their importance in the network. The first set of constraints in this model ensures that, for each candidate link,
at most one action can be chosen. The second set of constraints represents the resource constraints, ensuring that the utilization of
resources does not surpass the available quantities.
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4. A solution procedure

Most of the problems related to transportation planning and network design at the network level are highly complex, making it
impossible to solve any proposed mathematical model for real-world networks (Mahmoudi et al., 2022; Mahmoudi, 2019). Various
algorithms have been employed within the transportation science literature to address the inherent complexity of the proposed
mathematical programming model (Agrawal et al., 2022; Vodak et al., 2022). In this section, a solution algorithm is developed to
solve the suggested AIP model. This algorithm requires the flow levels on each link of the network subsequent to the occurrence of
the accident(s). These post-accident flow volumes are then utilized to calculate the travel times experienced by passengers in the
aftermath of the accident state of the network, c. Then, the obtained travel times must be compared with the corresponding values
of the travel times in the prevalent state, c°, to determine whether the travel times for these passengers have become unsuitable or
not.

During this process, it becomes imperative to determine new routes for passengers who initially intended to travel via the
accident-affected link(s) but can no longer do so due to the accidents. Moreover, the solution procedure must estimate the increase
or decrease in flow volumes on the links of the new and previous paths, stemming from the redirection of these passengers to
the new paths. To this end, the algorithm must estimate the O-D demand for the impacted passengers after the occurrence of the
accidents. Given that these passengers opt for alternative paths after the accidents, their trip origins no longer align with their
original trip origins. In such cases, the new trip origins can be established as the first nodes at which passengers arrive immediately
following the accidents. As a result, the proposed solution algorithm necessitates the following pieces of information:

T,{fmuv the demand for destination s, reaching node j as the first node immediately following the accident incidents in
link (m,n) and (u,v) €A, (j,s)eV X D

X;'j.’”"*”v additional flow on link (i,j), due to failures of links (m,n) and (u,v)

XZ.'"’”V the portion of the trip volume on link (i,j) that was initially intended to pass through links (m,n) or (u,v) before

the accident occurrence on these links, but the accidents prevented this from happening

Taking into account that xﬁs (:‘T’A) and %xf;s are the demand and expected demand, for destination s reaching node j in link (i,j),

in state ¢2,,,, _,,, (Zi ()= O) , and is hit by an accident , respectively, T,{;,,uv is estimated as follows:

sks ks (12)

ij,p Y mn,uv,p

Zij (Cimn—uv)
2

ksy. .
js  _ Xp tij
Tmn,uv - tks 1

i€eB(j) keO pepks

where 653, .. p is equal to 1 if links (m,n) or (u,v) belong to path p from origin k to destination s, and 0 otherwise. x;'jf""’“”
will be estimated as the algorithm outputs. Finally, x:;f""” is estimated using the following equation:
mn,uv _ ks cks ks
X = D 2 O (13)

(k,s)eP pepks

The proposed algorithm is a heuristic procedure to compute the importance of the links and select the appropriate actions to
improve their performances, all while adhering to resource constraints. The algorithm can be broken down into the following steps:

Step 0. Preparation. Define N(V,A) by specifying V and A. Input the survival probabilities, P,,,, , link cost functions, #,,,V (u, v)eA
, and the O-D demands, di; , and travel time suitability standards, gks, V(k,s)eP.

Step 1. Equilibrium flow computation before accident occurrence. Solve the user equilibrium flow problem for the provided
demand dj, and compute the path flows (x[’ﬁs, Vpepks V(k, s)eP) , and the corresponding equilibrium link flows and travel times
(xuv > tuvs V(M, V)EA)

Step 2. Specification of the trip condition after the accident. For each link (m,n)eA , follow these steps to determine the
network’s condition in a state where two links have failed due to accident occurrences, with one of these links being link (m,n):

(a) Obtain ®7* for each keO, y7* (¢, ) for each keO, T,{l‘;,uv for each (u,v)eA and x?}"’“v for each (ij) and (u, v)e, A for all

—mn

(j,$)eV x D , by using egs. (4)-(5), (12) and (13), respectively.

(b) For each link (u,v)eA , using the equilibrium link travel times 7, in Step I, for all (j, s)eV X D , assign T,{fn,uv to the
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network (V, A_yn,—uv) , excluding links (m,n) and (u,v) , by using employing all-or-nothing procedure. Compute the additional
flow resulting from the failures of links (m,n) and (u, v),x;’;""’m", for all links (i, j)€A_n,—uy. Determine the link flows and
travel times after the accidents in links (m,n) and (u,v) , for each link (7, j)eA_,un,—uv :

new __ R mn,uv mn,+uv
Xip =X m X X (14)
new __ new
Ly =tij— (xij ) 15)

(c) For each (j,s)eV x D compute the shortest (j,s) path travel time before and after the accident occurrences, #/*(c°) and
15 (c° ), using t;; (from Step I) and t;’jew (from Eq. (15)), respectively.

() IF (15 (c% pp.—uv) — 15(c®)) < (0% = 1)1% | where the right-hand-side is the maximum allowable delay tolerance for (k.s)
pair, set Z/ ks(c‘imn’_w) (i.e., declare the trips of the passengers from & to s, who visit node j as the first node on their path right

after the simultaneous accident occurrences in links (m,n) and (u,v) , are suitable), otherwise, set Z/ k“(c‘imn’_w) (that is, these
trips end unsuitable).

Step 3. Compute the importance of link(m,n) . Compute the importance of link (m,#) in mitigating the impacts of accidents
in the network, I,,, , by using Eq. (8) and the information obtained in Step 2.

Step 4. Compute link importance for all links. Repeat Steps 2 and 3 for all links in the network to calculate their respective
importance values.

Step 5. Solve AIP model. Solve AIP model using 7,,n, V(m.n)eA and an appropriate integer programming solution method.

[ Start ]

A 4

Step 0: Preparation Step 1: Equilibrium Flow Computation
Defines the network, inputs survival Solves the user equilibrium flow problem
probabilities, link cost functions, O-D [ for the provided demand, computing path
demands, and travel time suitability flows and equilibrium link flows and
standards travel times
v
Step 3: Compute the Importance of a Step 2: Specification of Trip Condition
Link After Accident
Utilizes a defined equation to compute the |« Determines the network's condition in a
importance of each link in mitigating the state where two links have failed due to
impacts of accidents accidents, including one specified link
X
Step 4: Compute Link Importance for Step 5: Solve AIP Model
All Links | Uses the importance values to solve the
Repeats Steps 2 and 3 for all network ATP model with an appropriate integer
links programming solution method

[End].i

Figure 1. The flowchart of the proposed algorithm
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5. Illustrative examples

In this section, we demonstrate the practicality of the proposed approach and examine its outcomes through the solution of two
numerical examples in small and medium sizes. The provided algorithm has been implemented in Gauss software and executed
on a PC with a 2.26 gigahertz Core i7 CPU and Windows Seven, utilizing 4 GB of RAM.

5.1. A small Scale Example: Improving Network Performance by Preventive Actions

Figure 2 shows an example network with 10 nodes and 18 links. Table 2 presents the parameters of the link travel time functions
in the form of t;; = a;; + b; jx?j. The link survival probabilities (representing the likelihood of no accidents occurring in a specific
time period) are assumed to be 0.98 for all links within the network. The demand from the two origins 1 and 2, heading to the two
destinations 6 and 7 is identical and amounts to 3500 trips per hour. In this example, we consider an average vehicle occupancy of
1 person, and 8¢ = 1.1,V(k, s)eP, meaning that a passenger’s travel time is deemed unsuitable if it increases by more than 10%
due to an accident in the network.

Figure 2. Example network 1

Table 2. The network specification of Examplel.

Link (i, /)  a,(x107hr) b, (x10"hr/(1000veh / hr)*)  Link (i, j)  a,(x107hr)  b,(x107 hr/(1000veh / hr)*)

(1,4) 5 0.030 (5.,4) 3 0.030
(1,5) 3 0.030 (8,7) 5 0.030
2,3) 5 0.030 (8,9) 3 0.030
2,5) 3 0.030 (8,10) 3 0.030
(3.4) 3 0.030 (9,6) 5 0.030
(3,8) 3 0.030 9.8) 3 0.030
4,3) 3 0.030 (9,10) 3 0.030
(4,9) 3 0.010 (10,6) 3 0.030
(5,3) 3 0.030 (10,7) 3 0.030

Three alternative actions are available to mitigate accident levels in a link. The first action involves the deployment of patrol
police, where the presence of 1 unit of patrol police on a street increases its "survival" probability (the likelihood of no accidents
occurring) by 1% of its prevalent state. The second alternative includes investing in the enhancement of street infrastructure, such
as signs, signals, markings, geometric design, and maintenance, in addition to choosing the first alternative. In this case, when
1 unit of patrol police is present, 1 unit of investment boosts the survival probability by 1.5% of the prevalent state. Lastly, the
third alternative is the utilization of an "immediate response system," which is implemented in conjunction with the previous two
alternatives. This system rapidly detects accidents and promptly clears the accident scene, effectively making the accident almost
unnoticeable or bearable to other passengers. This results in a near 100% survival probability. In addition, it is assumed that B! = 4
units of patrol police, B> = 3 units of money to invest for the street condition enhancement, and B> = 2 units of the immediate
response system are available resources for implementing these actions.

The results of the proposed algorithm for this problem are reported in Table 3. In this table, /¢ shows the importance of link

> “mn

(m,n) in providing suitable trips for passengers within this link, /2, indicates the importance of link (m,n) in providing suitable

10




Shetab Boushehri, S.N., Poorzahedy, & H., Mahmoudi, R., Enhancing Network Performance in Mitigating the Impact of Traffic Accidents with Full User Information

trips to travelers in the network, and I, represents the importance of link (m,n) in providing alternative routes to the passengers
whose original routes have been disrupted by traffic accidents. The heuristic Effective Gradient procedure proposed by Ahmed
(1983) is applied to solve the AIP model. This procedure determines a set of links for investment and the best action for each
selected link, in order to maximize the enhancement in the survival probabilities of vulnerable links within the network.

Table 3. Results of the proposed algorithm for Examplel.

Link (m,n) ¢, (hr) X, (1000veh / hr) I Vi I 1, zZ,
(1,4 0.0529 5.5930 0.0522 0.0000 0.0179 0.0701 -
(1,5) 0.0300 1.4070 0.0080 0.0000 0.0025 0.0105 -
(2,3) 0.0517 4.9105 0.0452 0.0000 0.0133 0.0585
(2,5) 0.0301 2.0895 0.0119  0.0000 0.0039 0.0158 -
(3.4) 0.0300 0.0000 0.0000  0.0000 -0.0003 -0.0003 -
(3,8) 0.0348 6.3175 0.0361 0.1225 0.0558 0.2143 3
(4,3) 0.0300 0.0000 0.0000  0.0000 -0.0030 -0.0030 -
4,9) 0.0335 7.6825 0.0439  0.2747 0.0963 0.4149 3
(5,3) 0.0300 1.4070 0.0080  0.0000 0.0039 0.0120 -
(5.4 0.0301 2.0895 0.0119  0.0000 0.0062 0.0181 -
8,7 0.0517 4.9070 0.0451 0.0000 0.0235 0.0687 -
(8,9) 0.0300 0.0000 0.0000  0.0000 0.0000 0.0000 -
(8,10) 0.0300 1.4105 0.0081 0.0437 0.0183 0.0700 -
(9,6) 0.0529 5.5895 0.0522  0.0000 0.0296 0.0818 -
9,8) 0.0300 0.0000 0.0000  0.0000 0.0000 0.0000 -
(9,10) 0.0301 2.0930 0.0120 0.0648 0.0281 0.1049 1
(10,6) 0.0300 1.4105 0.0081 0.0598 0.0237 0.0915 -
(10,7) 0.0301 2.0930 0.0120 0.0887 0.0358 0.1365 2

Note. Z ;” represents choice of alternative action w to upgrade link (m,n) survival probability.

Here are some key findings from the analysis:

a. As it is clear from Table 3, in Example Network 1, links (3,8) and (4,9) in Figure 2 have the highest importance. This is
because passengers traveling from origins 1 and 2 to destinations 6 and 7 must pass through either of these two links. These links
play a critical role in providing suitable and alternative routes to connect O-D pairs in the network. Link (4,9) (with 549 ) has a
higher importance index than link (3,8) (with b38) due to its higher capacity.

b. Links (1,4), (1,5), (2,3), and (2,5), which connect origins 1 and 2 to the network, have low importance values. This is partly
because travelers who have not yet started their trips after the accident will only do so if their trips become suitable. For these
links, I,’fm, which is the importance of link (m,n) for providing suitable routes to the trip-makers in the network, is zero. This is
another reason for their low importance levels.

c. Links leading to destinations 6 and 7, such as links (8,7), (10,7), (10,6), and (9,6), have higher importance than links starting
at origins 1 and 2. This is because a larger number of passengers in the network rely on these links at the time of the accident to
end their trips suitably, compared to the links starting at origins. Recall that only passengers who are certain of completing their
trips suitably will begin their trips.

d. Links (3,4), (4,3), (8,9), and (9,8), have zero equilibrium flow in the prevalent state, as shown in Table 3. Hence, the respective
values of 12 (for within the link passengers) and 72 (for the network passengers) are zero. Moreover, the corresponding values
of I, for links (3,4) and (4,3) are negative. This indicates that these two links not only fail to contribute to forming alternative
routes for passengers when accidents occur in other links in the network but, by redirecting new flow to other congested links, they
turn some previously suitable routes into unsuitable ones.

e. The congestion resulting from the redirection of passengers due to traffic accidents can either increase or decrease the
importance of certain links in the network. This is because new route choices can lead to increased congestion on some links
while reducing it on others, thereby making previously suitable paths unsuitable or vice versa. Table 4 shows the importance
values of the links in example 1 when the congestion effects of redirected flows over the links, whether positive or negative, are
not considered. To compute the importance of all links in this case, x?jew in eq.(30) is replaced by x;;. Links (3,8) and (4,9) are
two most important links in the network that together carry all demand in the network. Comparing the respective link importance
values for these two links in Table 3 and 4 shows that the importance values with due considerations of the congestion effects of
redirected flows over the links in Table 3 are higher than the respective values without these effects, shown in Table 4. This is
because when either of these links is involved in an accident, its flow diverts to other link, increasing congestion and the likelihood
of more trips becoming unsuitable in the network. This phenomenon does not happen when the algorithm does not consider this
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diversion in Table 4. As another example, consider links (3,4) and (4,3), which have lower importance values with the diversion
of flow in Table 4 (negative values) than without this diversion in Table 4. The reason is that when traffic diversion occurs, some
passengers choose these links in alternative paths, causing congestion on other paths and rendering their trips unsuitable.

f. Table 3 reveals that model recommends action 3 for the most important links, (3,8) and (4,9), and actions 2 and 1 for the next
most important links, (10,7) and (9,10), respectively.

Table 4. The importance of links in example 1 when the congestion effect of the redirected flows in the network is not considered.

Link (m,n)  I¢, I I I, Link (m,n)  I¢, , I I,
(1,4) 0.052  0.000 0.016 0.068 (5,4) 0.012 0.000 0.006 0.018
(1,5) 0.008  0.000 0.003 0.011 (8,7) 0.045 0.000 0.021 0.067
(2.3) 0.045 0.000 0.014 0.059 (8.9) 0.000 0.000 0.000 0.000
2,5) 0.012  0.000 0.004 0.016 (8,10) 0.008 0.044 0.02 0.071
(3.4) 0.000 0.000  0.000 0.000 9.6) 0.052  0.000 0.025 0.077
3.8) 0.036 0.106 0.049 0.192 9,8) 0.000 0.000 0.000 0.000
4.3) 0.000 0.000  0.000 0.000 (9,10) 0.012 0.065 0.027 0.104
4,9) 0.044 0.128 0.059 0.231 (10,6) 0.008 0.06 0.026 0.094
(5,3) 0.008 0.000 0.005 0.013 (10,7) 0.012 0.089 0.036 0.136

5.2. A Medium Scale Example: Sioux Falls Network

The purpose of solving this example problem is to demonstrate the effectiveness of the proposed solution algorithm in solving
the AIP problem in larger networks. Figure 3 shows the Sioux Falls network, with 24 nodes and 76 links, which is a widely
recognized test network in transportation studies. The network specifications, the O-D demands, and the link survival probabilities
are taken from Poorzahedy and Bushehri (2003). For this example it is assumed that the average car occupancy in the network is
1,0% =1.1,¥(k, s)eP,B' =30,B> =15 and B* = 5.

Figure 3. The urban street network of Sioux Falls




Shetab Boushehri, S.N., Poorzahedy, & H., Mahmoudi, R., Enhancing Network Performance in Mitigating the Impact of Traffic Accidents with Full User Information

When the proposed solution algorithm is applied to this problem, taking into account the available resources, it yields the link
importance values as presented in Table 5. This table also shows the selected actions for the chosen links. These actions aim to
maximize link survival, ensuring that passenger trips remain suitable to the greatest extent possible by strengthening the links to
prevent accidents or mitigate the impacts of accidents that have occurred, thereby maintaining the network’s performance close to
the prevalent state.

Table 5. Results of the proposed solution algorithm for AIP problem in Sioux Falls.

*

Link (m,n) I z, Link (m,n) I z.
(1,2) 0.0056 0 (2.1) 0.0097 0
(1,3) 0.0034 0 (3,1) 0.0192 0
(2,6) 0.0086 0 (6,2) 0.0111 0
(3.4) 0.0127 0 (4,3) 0.0309 2
(3,12) 0.0220 1 (12,3) 0.0091 0
(4,5) 0.0255 1 (5,4) 0.0481 3
(4,11) 0.0039 0 (11,4) 0.0066 0
(5,6) 0.0156 0 (6,5) 0.0072 0
(5,9) 0.0219 1 9,5) 0.0362 2
(6.8) 0.0182 0 (8,6) 0.0282 2
(7.8) 0.0123 0 (8,7) 0.0172 0
(7,18) 0.0112 0 (18,7) 0.0085 0
(8,9) 0.0307 2 (9.,8) 0.0220 1
(8,16) 0.0328 2 (16.8) 0.0303 2
(9,10) 0.0116 0 (10,9) 0.0023 0

(10,11) 0.0073 0 (11,10) 0.0034 0
(10,15) 0.0164 0 (15,10) 0.0182 0
(10,16) 0.0319 2 (16,10) 0.0196 0
(10,17) 0.0089 0 (17,10) 0.0219 |
Link (m,n) I, z,, Link (m,n) I, z,,
(11,12) 0.034 2 (12,11) 0.0231 1
(11,14) 0.0363 2 (14,11) 0.0169 0
(12,13) 0.0121 0 (13,12) 0.0069 0
(13,24) 0.0197 1 (24,13) 0.0282 1
(14,15) 0.0045 0 (15,14) 0.0234 3
(14,23) 0.0244 1 (23,14) 0.0252 1
(15,19) 0.0176 0 (19,15) 0.0094 0
(15,22) 0.0106 0 (22,15) 0.0069 0
(16,17) 0.0073 0 (17,16) 0.0036 0
(16,18) 0.0058 0 (18,16) 0.0131 0
(17,19) 0.0201 1 (19,17) 0.0165 0
(18,20) 0.0216 1 (20,18) 0.0113 0
(19,20) 0.0244 1 (20,19) 0.0118 0
(20,21) 0.0176 0 (21,20) 0.0182 0
(20,22) 0.0345 2 (22,20) 0.0267 1
(21,22) 0.0265 3 (22,21) 0.0246 3
(21,24) 0.0169 0 (24,21) 0.0269 3
(22,23) 0.0163 0 (24,22) 0.0196 1
(23,24) 0.0107 0 (24,23) 0.0094 0

6. Conclusions and future research directions

Advancements in information technology have paved the way toward the availability of online information and even navigation
aids to circumvent congestion and flow obstacles. Many modern vehicles, both private and public, now come equipped with a range
of audio-visual technologies as standard features. These include safety essentials like seat belts and airbags, as well as advanced
systems like automatic braking, global positioning system, and connectivity to online apps via vehicle infotainment systems and
mobile phones. These technological leaps support a scenario where network users can receive immediate updates about accidents.
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This paper first introduces measures to quantify the network’s performance and the importance of a specific link. Then, a mathe-
matical programming and a heuristic algorithm are proposed to improve network performance to withstand traffic accident impacts
under users’ full information. It introduces an objective function that measures suitable trip-hours after accident occurrences in
the network. This measure is a more suitable and efficient objective for the network design problem than the total vehicle hours in
the conventional network design problem or the total suitable trips in the previous studies. Moreover, the “suitability” of trips is a
well-known concept in network reliability, and trip-hour is related to consumer surplus, which is a measure of consumer welfare
(Poorzahedy and Bushehri, 2005).

In the AIP, the managers of an urban transportation network mainly try to prevent accident occurrence in the important links of
the network under resource constraints. The new link importance measure introduced in this study is applicable to determining the
importance of the link in providing suitable trips to the passengers within the link, the passengers in the network as a whole, and
the passengers who are confronted by accidents in other links of the network. To show the mechanism of the suggested solution
algorithm in solving the developed mathematical programming for AIP, as well as the properties of the measures used by the
algorithm, AIP is solved for a small-scale example network and a medium-sized network, and the results are analyzed. Results
showed how the importance of a link can be increased or decreased after an accident occurs in the network. Also, results showed
how the impacts of newcomers on the routes of existing travelers within the network can affect the performance of the network
when an accident occurs.

Future research in this area could explore several promising directions. To begin with, the approach presented in this study
could be applied to real-world case studies. While the current study mainly assumes deterministic parameters and variables, actual
urban transportation networks typically involve vast datasets with some elements in probabilistic, stochastic, or missing form.
Therefore, a valuable avenue for future research would involve devising suitable models that account for these probabilistic or
stochastic variables/parameters and handle missing data effectively. Furthermore, in this study, a heuristic algorithm was developed
to address the proposed model problem. Future research efforts could focus on developing alternative heuristic and metaheuristic
algorithms that are not only different but also more efficient in solving the model. Comparative studies between these various
solution approaches could provide valuable insights into their relative merits and performance characteristics.
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Appendix

Lemma A.1. Based on assumption 3, travelers are uniformly distributed over each link of a path p.

; - k
Proof. It can be claimed that x;; = Z(k s)epZpep l.js’p,
N

uniformly distributed over link (i,j) for all pep*s and all (k, s)eP , such that o'l.'j.”
flow additivity over link (i,j).

k,gxf,‘f.é' where 6:.‘;/) = 1if (i, j)epep®s, and O otherwise. Since x*Sp is

o= 1. So, x;; is, also, uniformly distributed, by

Lemma A.2. The number of trip-makers on a link (i,j) of path p is proportional to the travel time of that link of the path:
m;; = x;;.t;j. Furthermore, the number of trip-makers on a path p from k to s is proportional to the travel time of the path:

ks _ ks sks
—xp .tp

ms

Proof. Assuming constant flow speed v;; in link (i,j) with length (/;;) and flow x;; , based on Lemma A.1, link (7,j) has a
uniform passenger (trip) density d;; over its length. Using the speed-density-flow relationship, , x;; = d;;.v;;, x;; can be calculated

by x;; = (m,- il j).(l,- i/t j) , where m;; = X(k, s)erffT is the number of passengers (trips) on link (i,j), which are uniformly

distributed over /;;. This results m;; = x;;.t;;, which proves the first statement. Now, let m{.‘; , p be the number of passengers on

link (i,j) on path p from k to s. Since the flow is additive, therefore mf.‘js,p = (xﬁs.tij).dl’.‘;p, where 65‘;/) = 1if (i, j)epep®s

, and O otherwise. Hence, the number of passengers on path p from k to s may be computed as m’p“' = E(l-,j)epxss.t,-j.élfs =

ij.p
x’p‘SZ(i,j)eptij.éf]{p = xlfﬁs.tzx , which proves the second statement.
Lemma A.3. can be determined as follows:

Efj(c) . Lmfsehs — ml (¢ /2) 2y (ks) ()1 275 () (A1)
keO

Proof. Consider link (7,j) in Figure A1, where an accident has occurred at point e on this link.

i

Figure 4. Accident occurrence in a link of network on the way to destination s

For a constant average speed in link (i,j) , according to Assumption 3, Zkeo(mf.‘]:" /ti j)dt number of travelers are traveling to

destination s in a equivalent length of the link, forming Zkfo(mf.‘js /t; j)tks_ dt trip-hours (passenger-hours) of the network. By

Assumption 1, for Z;;(c)=1 , there is a probability of 7/;; and 1 — ¢/, for the accident to take place in e to j and i to e portions
of link (i,j), respectively, where 0 < ¢ < ¢;; . Thus, the probability of non-occurrence of an accident on e to j portion of link (i,)
is1-(¢/1; j).Zi i(c), and the mean suitable trip-hours of the passengers in link (i,j) , in state ¢ of the network when an accident
happens at point e, is equal to:

Sreo(mis [1ij)" dr. |1 = (t/ti). Zij(c)|.Z7* (c) (A.2)

E?.(c) can be obtained by integrating over t to consider all possible locations:
J
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o tl'l N N =, ' S
Efi(c) = /0 Zreo(m [1ij)1* [1 — (t/ti}).Zi;(c)|.Z7% (¢)dt (A3)
Lemma Ad4. To obtain PI the following equation can be used:
PI(c) = E(c)/E(c°) = Z Z Z @7k — yiks (0)].27% (¢) (A4)
jeVseD keO

where:

2
@k = Z Z x5S 117018 1 Z d’“.(z’“) (A.5)

pepks (i,j)eB(j) (k,s)eP

2

pepks (i,j)€B(j) (k,s)eP
Proof. Based on Lemma A2, mffw = xllﬁs t"js is the number of passengers on path p from k to s, at any point in time, and this
quantity for link (i,j) due to path p from & to s is mlkj‘r ho = X7 1ij.6%5 .. Then, the number of passengers on link (i,j) who are
destined to s can be calculated as 75 j = Zxe0ZpepXp’ 1ij-6 lkls ,- According to Lemma A3 and substituting mf.‘]t‘ 2 ephs X55.177.6 lk,‘p
, the mean suitable trip-hours of the users in link (,j) in state ¢, can be computed as follows,
Els, (C) = Zkeozpepks { (x/]js dij .5fﬁp.lk‘y)zjks (C) (X/IES dij 55?,[)) (lks/2) Zl'j (C)ijs (C)} (A.7)

Then, the mean suitable trip-hours to destination s that meet j as the first node on their paths after state ¢ occurrence, E 75(c),
can be calculated as:

E7(¢) = 2. jyen() Ef (€) (A.8)

For the whole network, therefore, we have:

E(c) = Z Z E’5(c) (A.9)

jeV seD

When the state of the network is ¢° and x is the user equilibrium flow, t*s is the minimum travel time, V(k, s)eP . By Kuhn-Tucker
optimality conditions for user equilibrium (Sheffi, 1985), all used paths for a given O-D pair have equal travel times, and this time
is less than the time for an unused path. According to Lemma A2, mﬁ‘ = SS .tf’j‘ is the number of passengers on the path p from k
to s . Each passenger spends #X* units of time to reach s from k. This trip time is a suitable trip time. Hence, based on the above
statements, the suitable trip-hours for the passenger traveling in path p from k& to s in state ¢°, E 53 (c°),1is:

EXs(c%) = xks ks ks = xks (ks (A.10)

The value of this measure for a specific O-D pair, , can be determined as:

EkS(Cc) — Z xgs(tks)Z _ (tkS)Z Z x/l;s — dks.(tks)Z (A.11)

pepks pepks
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and for the whole network:

E(c°) = Z DX (15)? (A.12)
(k,s)eP
Egs. (A.9) and (A.12) results:
PI(c) = E(¢)/E(c®) = £jevEsenE?* () [k 5y pd** . (1%%) (A.13)

Substituting eq. (A.7) in eq. (A.8), and substituting the results in eq. (13), would complete the proof. O

Lemma AS. The following expression is an approximate measure of link importance measure:

Lun = (p(c)/Pun) {[1 = PI(cppn) | + Zauvyeal (1 = Puv)/Puv | [PI(c3y) = PI(Ciry—mn) |} (A.14)

Proof. First, it should be noted that:

EPM = E[PI] = E[PI(m,n)survives].pyn + E[PI(m,n) fails].(1 = Py,,) (A.15)

Taking derivative of both sides of eq. (A.15) with respect to p,,,, would result:

O(EPM)/3(pmn) = E[PI(m,n)survives]| — E[PI(m,n) fails] (A.16)

If the probability of a link failure during a period of time, such as rush hour, is low, based on Assumption 2, the probability of
concurrent traffic accidents in two or more links becomes very low. Thus, as an approximate computation of I, for a link (m,n) ,
the state of the network in which more than one link is subject to failure simultaneously is ignored.

p(c®), E[PI(m,n)survives] and E[PI(m,n) fails] can be obtained as follows:
p(c®) =T jyeaPij (A.17)

E[PI(m,n)survives| = w.Pl(C‘O)

mn

Z p(CO)(l_puv)'PI(co)_ ) Z p(c®)(1 = Pyy)(1 = Pgy)

* PPy PonPuPey (g ¥ (ALS)
(u,v)eA (u,v), (g, r)€A
(u,v) # (m,n) (u,v) # (m,n)
(g,r) # (m,n)
(u,v) # (g,r)
P(c®)

E[PI(m,n)fails] = 5 .Pi(c,;,,)
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Substituting eqs. (A.18) and (A.19) in eq. (A.16), noting that , results:

_ p(co) o p(co)(l _puv) o o
ElPr) =P 1= P15, | + > e |PI(ci) = PIC )]
(u,v)eA
(u,v) # (m,n)

(A.20)

+ Z p(co)(l_Puv)(l_pgr)

(V). (3,7)€A PmnPuvPgr
(u,v) # (m,n)
(g,7) # (m,n)
(u,v) # (g,7)

|PIC iy r =PI )| +

The probability of an accident occurrence in a link is low, therefore the probability of the concurrent occurrences of accidents
in two links(

Z p(co)(l_puv)(l_Pgr) %

(u,v), (3, 7)€A PuvPgr
(u,v) # (g,r)

[PI(Ciuv,—gr - PI(CO—mn,uv,—gr)]

)becomes negligible. It should be noted that [PI(c2,, ., — PI(c2,,, v _¢r)] is @ very small value, especially in large scale
real networks. Therefore, by a similar reasoning, it can be claimed that the third term and the higher-order terms, in eq. (A.20) are

negligible. O
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0Z

Trafik kaza siiresi, bir kazanin meydana gelmesi ile kaza yerinin baslangi¢c durumuna donmesi arasindaki zaman farki olarak
ifade edilmektedir. Bu aragtirmanin birincil amaci Istanbul’daki trafik kaza verilerine dayali olarak trafik kaza siiresini Topluluk
Agaci ve Sinir Aglar1 yontemleri ile tahmin etmek ve bu yontemlerin performanslarini karsilastirmaktir. Aragtirmanin ikincil
amaci ise trafik kaza siiresini etkileyen temel faktorleri belirlemektir. Bu arastirmada Istanbul Biiyiiksehir Belediyesi ve Emniyet
Genel Miidiirliigii kurumlarindan elde edilen Istanbul’a ait kaza bilgisi veri setleri kullanilmustir. Veri seti, 2013-2021 yillari
arasindaki Istanbul’da gergeklesen 1.905 trafik kaza kaydmi igermektedir. Veriler, veri madenciligi kapsaminda incelenmistir.
Ayiklanan veri setine istatistik testleri ve makine 6grenmesi algoritmalarindan Topluluk Agaci ve Sinir Aglar1 uygulanarak trafik
kaza siiresi tahmini gergeklestirilmistir. Bu aragtirmada uygulanan algoritmalarin performans olgiimleri i¢in R2, MSE, RMSE ve
MAE metrikleri kullanilmigtir. Topluluk Agaci algoritmasinin egitimde R-Kare: 0.85 ile basarili bir performans elde ettigi, testte
ise R-Kare: 0.91 ile Sinir Aglar algoritmasinin daha iyi performans gosterdigi sonucuna ulagilmustir.

ABSTRACT

Traffic accident duration is defined as the time difference between the occurrence and the return of the accident scene’s initial
state. The aim of this paper is to predict the traffic accident duration based on traffic accident data in Istanbul with Ensemble Tree
and Neural Networks methods and to compare the performance of these methods. The secondary aim of the paper is to identify
the main factors affecting the accident duration. The accident data sets obtained from Istanbul Metropolitan Municipality and
General Directorate of Security are used in this paper. The dataset includes 1.905 traffic accident records in Istanbul from 2013
to 2021. The data were analyzed within the scope of data mining. Statistical tests and machine learning algorithms were applied
to the extracted data set and prediction of traffic accident duration was performed. R2, MSE, RMSE and MAE metrics were used
for the performance measures of the algorithms applied in this paper. It was found that the Ensemble Tree algorithm achieved an
R-Square of 0.85 in training, while the Neural Networks algorithm performed better with 0.91 in testing.

Anahtar Kelimeler: Kaza Siiresi, Akilli Ulagim Sistemleri, Makine Ogrenmesi, Sinir Aglari, Topluluk Agaci

Keywords: Accident Duration, Intelligent Transportation Systems, Machine Learning, Neural Networks, Ensemble Tree

EXTENDED ABSTRACT
This paper aims to predict the traffic accident duration based on traffic accident data in Istanbul with Ensemble Tree and Neural
Networks methods and to compare the performance of these methods. The secondary aim of the paper is to identify the main
factors affecting the accident duration. Traffic accident duration is defined as the time difference between the occurrence and the
return of the accident scene’s initial state. When a traffic incident or accident occurs, the uncertainty of the duration causes concern
for drivers, passengers, and traffic operators. Therefore, the duration between the occurrence of a traffic accident and its clearance
is a topic worthy of research.

Firstly, a literature review was conducted in this paper. The literature review focuses on recent and up-to-date academic studies
published from 2010 until the end of 2022. This literature review has gathered research papers from well-established databases
that offer valuable information to researchers and practitioners on analyzing and predicting the duration of traffic accidents. The
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objective of this literature review is to uncover the dynamics of traffic incidents and the important factors affecting accident duration
in various categories to improve traffic management. Thus, some guidance or recommendations for traffic accident management
can be provided and countermeasures can be generated.

The accident data sets obtained from the Istanbul Metropolitan Municipality (IBB) and the General Directorate of Security
(EGM) are used in this paper. One of the datasets used for the modelling in this paper is the dataset titled "Transportation
Management Center Traffic Announcement Data" for the city of Istanbul published by the IBB Department of Transportation
through the IBB Open Data Portal and is open access (IBB UDB, 2023). The IBB traffic announcement dataset covers the years
2013-2021. The dataset contains 159.411 traffic incident records and 13 different variables. The other dataset was obtained from
the traffic accidents database provided by the statistics unit of the EGM Traffic Directorate. The EGM traffic accidents dataset
covers the years 2013-2021 and all cities in Tiirkiye. The EGM data set was obtained in the form of two Excel documents "accident
information" and "accident vehicle information". The "accident information" data set contains 1.338.387 traffic accident records
and 53 different variables, while the "accident vehicle information" data set contains 2.206.474 traffic accident records and 11
different variables. The final dataset includes 1.905 traffic accident records in Istanbul from 2013 to 2021. The data were analyzed
within the scope of data mining.

Researchers have frequently used machine learning models to predict the duration of traffic accidents, especially in the last
decade. Machine learning is a sub-branch of artificial intelligence and has been widely used as a powerful tool to overcome
challenges in different domains. Statistical tests and machine learning algorithms Ensemble Tree and Neural Networks methods
were applied to the extracted data set and prediction of traffic accident duration was performed.

R2, MSE, RMSE, and MAE metrics were used for the performance measures of the algorithms applied in this paper. In addition,
the final data set used in this paper is divided into 80% training and 20% testing set. Moreover, for performance optimization
of regression-based machine learning algorithms, different analyses including the K-Fold Cross Validation Method, Principal
Component Analysis, Feature Selection and Optimizer were applied. As a result, it was found that the Ensemble Tree algorithm
achieved an R-Square of 0.85 in training, while the Neural Networks algorithm performed better with 0.91 in testing.

1. Giris

Diinyada artan ulagim talebi ve trafik yogunlugu; trafik sikisikligi, kazalar, gecikmeler, emisyonlar, ekonomik kayiplar ve hava
kirliligi gibi ciddi sorunlara neden olmaktadir. Referans (IEA, 2020), 2019 yilinda kiiresel emisyonlarin %27 sinin ulagim ve
buna bagli hava kirliliginden kaynaklandigini ortaya koymustur. Ayrica, Birlesik Krallik’ta trafik sikigikliginin yillik maliyetinin
2030 yilina kadar 21 milyar sterlin olacagi vurgulanmaktadir (Alonze, 2014). Benzer sekilde, trafik sikisikligi Amerika Birlesik
Devletleri (ABD) ekonomisine 2019 yilinda yaklagik 190 milyar dolara mal olmustur (Fleming, 2019; Schrank, Eisele ve Lomax,
2019). Trafik sikigikligr gecikmelere, daha diisiik trafik akis hizlarina, daha yiiksek yakit tiiketimine ve olumsuz gevresel ve
ekonomik etkilere yol agmaktadir. Texas Ulastirma Enstitiisii raporuna gore, ABD ekonomisinde toplam 8.7 milyar saat seyahat
gecikmesi, 3.5 milyar galon bosa harcanan yakit, 36 milyon ton fazla sera gazi1 emisyonu, 20 milyar dolar kamyon trafigi sikisiklik
maliyeti, 1600 milyar mil seyahat hacmi ger¢eklesmistir (Schrank ve digerleri, 2019). Veriler, trafik sikigikli§1 sorununun ve ilgili
konularin ¢6ziilmesinin ne kadar 6nemli oldugunu ortaya koymaktadir.

Tekrar etmeyen trafik sikisikligi (non-recurrent congestion), baslica trafik kazalari, biiyilik siyasi toplantilar, spor etkinlik-
leri, yol ¢aligmalar1 veya beklenmedik agir1 hava kazalar1 nedeniyle meydana gelen baslica trafik sikisiklig: tiirlerinden biridir.
ABD otoyollarindaki tekrar etmeyen trafik sikigikliginin %55’ inden fazlasinin trafik kazalarindan kaynaklandig: belirtilmektedir
(Chin, Franzese, Greene, Hwang ve Gibson, 2004; Skabardonis, Varaiya ve Petty, 2003). Referans (Snelder, Bakri ve van Arem,
2013), tekrar etmeyen trafik sikistkliginin karayolu trafik sikisikliginin yaklagik dortte birini olusturdugunu vurgulamaktadir.
Ongoriilemeyen dogas1 nedeniyle tekrar etmeyen trafik sikisikligini tahmin etmek zor olsa da trafik kosullar iizerindeki etkisini en
aza indirmek icin hizli ve verimli bir sekilde ele alinmasi kritik 6nem tagimaktadir. Ayrica, (Adler, Ommeren ve Rietveld, 2013)
trafik sikigikliginin 1 dakika azaltilabilmesi halinde kaza/olay (accident/incident) bagina 57€ (yogun sikisik bolgelerde yaklasik
1200€) kazang saglandigin1 gostermistir. Referans (Garrison ve Mannering, 1990) ayrica asir1 sikisik yerlerde kaza siiresinin her
dakikasi i¢in 2.000$ kaybedildigini vurgulamistir. Bu nedenle, trafik sikisikliginin etkisinin ve kaza ya da olay sonrasi etkilerin
dogru bir sekilde tahmin edilmesi, trafik katilimcilarini daha iyi yonlendirmek, entegre ulagim sistemlerini daha verimli bir sekilde
isletmek ve bu mobilite zorlugunun iistesinden gelmek icin cok 6nemlidir.

Sahadan elde edilen ger¢ek zamanli verilerin daha fazla erisilebilir olmasi, trafik tahmini i¢in Veri Madenciligi (DM) tekniklerinin
gelistirilmesini ve kullanilmasini saglamigtir. 1980’lerin basindan itibaren, tek degiskenli zaman serisi modelleri, 6zellikle Box-
Jenkins Otoregresif Entegre Hareketli Ortalama (ARIMA) (Van Der Voort, Dougherty ve Watson, 1996) ve Holt-Winters Ustel
Yumusatma (Exponential Smoothing) (Marshment, Dauffenbach ve Penn, 1996; Williams, Durvasula ve Brown, 1998) modelleri
trafik tahmininde yaygin olarak kullanilmigtir. 2000’1i y1llarin bagindan bu yana, 6zellikle Sinir Ag1 (NN) modelleri hiz (Ishak ve
Alecsandru, 2004; Xiao, Sun, Ran ve Oh, 2003), seyahat siiresi (van Lint, Hoogendoorn ve van Zuylen, 2002) ve trafik akis1 (Park,
Messer ve Urbanik, 1998; Stephanedes, Michalopoulos ve Plum, 1981) gibi ¢esitli trafik parametrelerinin tahmininde yaygin olarak
kullanilmaktadir. Giiniimiizde ARIMA, iistel yumusatma ve NN modelleri kisa vadeli trafik tahmini i¢in kiyaslama yontemleri
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olarak kullanilmaktadir. Ancak, bu yaklagimlarin en biiyiik eksikligi, trafik akigini basit zaman serisi verileri olarak gérmeleri
ve trafik kazalarini atlamalaridir. Ancak, daha sonra yayimlanan caligmalarda atlanan ve dikkate alinmayan kaza ve olay verileri
zamanla arastirma modellerine dahil edilmeye baglanmustir.

Literatiirde istatistiksel yontemler, DM teknikleri ve Makine Ogrenmesi (ML) teknikleri gibi farkli trafik analiz ve tahmin
yaklagimlarinin yam sira simiilasyon modelleri, trafik olay analizi ve trafik kaza sonrasi etki tahmin modelleri de bulunmaktadir.
Geligtirilen bu teknikler gozlem, inceleme, 6l¢iim, kiimeleme, stniflandirma veya simiilasyon modellerine dayanmaktadir. Baslarda,
trafik olaymin siiresini analiz etmek ve tahmin etmek i¢in geleneksel olarak cesitli istatistiksel yontemler uygulanmigtir. Bu
yontemler arasinda dogrusal/parametrik olmayan regresyon (Khattak, Schofer ve Wang, 1995), Bayes siiflandiric1 (Boyles,
Fajardo ve Waller, 2007), Tehlike Tabanli Siire Modeli (HBDM) (Nam ve Mannering, 2000), Kesikli Secim Modeli (DCM)
(Lin, Zou ve Chang, 2004), Yapisal Esitlik Modeli (Lee, Chung ve Son, 2009) ve olasiliksal dagilim analizleri (Giuliano, 1989)
bulunmaktadir. Son zamanlarda trafik kaza siiresinin tahmini i¢in veri temelli deneysel algoritmalara dayanan ve benzersiz veri
kullanilabilirligi ile desteklenen yeni bir arastirma alani ortaya ¢ikmustir. Trafik olay1 siiresini tahmin etmek ve 6ngérmek i¢in farkl
DM-ML yaklagimlart kullanilmistir. Bu yaklagimlar arasinda Karar Agaci (DT) ve Smiflandirma Aga¢ Yontemi (CTM) (Zhan,
Gan ve Hadi, 2011), Yapay Sinir Aglar1 (ANN) (Vlahogianni ve Karlaftis, 2013), Genetik Algoritma (GA) (Ying Lee ve Wei,
2010) ve Destek Vektor Makinesi/ﬂgililik Vektor Makinesi (SVM/RVM) (Valenti, Lelli ve Cucina, 2010) yer almaktadir. Bircok
aragtirmaci, trafik kaza siiresini tahmin etmek ve onceki yontemlerin avantajlarindan yararlanmak ic¢in son zamanlarda 6zellikle
hibrit yontemler (Kim ve Chang, 2012) kullanmaya baslamustir. Bu dogrultuda, bu arastirma Istanbul’daki trafik kaza verilerine
dayal1 olarak trafik kaza siiresini Topluluk Agact (ET) ve Sinir Aglar1 yontemlerini kullanarak tahmin etme ve bu ydntemlerin
performanslarini karsilagtirma amacini tagimaktadir.

Bu arastirmanin geri kalan1 asagidaki sekilde diizenlenmisgtir: Boliim 2°de trafik kaza siiresi tahmini ve ML ile ilgili literatiir
caligmalar1 agiklanmaktadir. Boliim 3’te calismanin metodolojisi, veri ve modelleme 6zetlenmektedir. Bulgular ve model tahmin
sonuglar1 sonraki boliimlerde aciklanmaktadir. Son olarak, tartisma ve sonu¢ sunulmaktadir.

2. Literatiir Arastirmasi

Literatiir aragtirmasi, 2010 yilindan 2022 yilinin sonuna kadar yayimlanan son ve giincel akademik calismalara odaklanmaktadir.
Bu literatiir aragtirmast, trafik kazalarinin siiresini analiz etme ve tahmin etme konusunda arastirmacilara ve uygulayicilara degerli
bilgiler sunan koklii veri tabanlarindan arastirma makalelerini bir araya getirmistir. Bu literatiir arastirmasinin hedefi, trafik
yonetimini gelistirmek icin trafik olaylarinin dinamiklerini ve cesitli kategorilerdeki kaza siiresini etkileyen onemli faktorleri
ortaya ¢cikarmaktir. Boylece, trafik kazalarinin yonetimi icin bir rehberlik veya birtakim tavsiyeler saglanabilir ve kars1 6nlemler
tiretilebilir.

Heterojenlik ve gozlemlenemeyen faktorler nedeniyle trafik kaza siiresinin tahmin edilmesine yonelik modellemenin karmasgik
bir konu oldugu diisiiniilmektedir. Son on yilda ¢ok sayida aragtirma, ¢esitli veri kiimelerini kullanarak trafik kaza siiresini tahmin
etmek icin uygun yontem ve prosediirleri arastirmigtir. Bu literatiir calismasinda, trafik kaza siiresinin tahmininde ML algoritmalar1
kullanilan 6nceki arastirmalar asagidaki boliimde sunulmaktadir.

Bir trafik olay1 ya da kazasi meydana geldiginde siirenin belirsizligi siiriiciiler, yolcular ve trafik operatorleri icin endise
yaratmaktadir. Bu nedenle, bir trafik kazasinin meydana gelmesi ile ortadan kalkmasi arasinda gegecek siirenin uzunlugu aragtir-
maya deger bir konudur. Arastirmacilar, 6zellikle son on yilda, trafik kazasi siiresinin tahmininde ML modellerini siklikla
kullanmiglardir. ML, yapay zekanin bir alt dalin1 olusturmakta ve farkli alanlardaki zorluklarin iistesinden gelmek i¢in gii¢lii bir
ara¢ olarak yaygin bir sekilde kullanilmaktadir. Onceki ¢aligmalarda kullamlan ML, ANN (Li, Wu ve Peng, 2021; Lin ve Li,
2020), Bayes Ag1 (BN) (Cong ve digerleri, 2018; Kuang, Yan, Zhu, Tu ve Fan, 2019), SVM (Yu, Wang, Yao ve Wang, 2016;
Zong, Zhang, Xu, Zhu ve Wang, 2013), Rastgele Orman (RF) (Bai, Ji, Dai, Pu ve Qin, 2022; Hamad, Al-Ruzouq, Zeiada, Abu
Dabous ve Khalil, 2020), K-En Yakin Komsular (k-NN) (Ji ve digerleri, 2022; Wang, Li ve Guo, 2018), RVM (Pereira, Rodrigues
ve Ben-Akiva, 2013; Valenti ve digerleri, 2010), ET (Chen ve Tao, 2022; Zhao ve digerleri, 2022), DT (Ma, Ding, Luan, Wang ve
Wang, 2017; Saracoglu ve Ozen, 2020), Derin Cgrenme (DL) (Shang, Xie ve Yu, 2022; Zhu ve digerleri, 2021), Bulanik Sistem
(Fuzzy System) siniflandirmasi (Dimitriou ve Vlahogianni, 2015) ve bunlarin ¢oklu ve birlesik (multiple and combined) (Hamad,
Khalil ve Alozi, 2020; Lee, Kwak, Oh ve Kim, 2022) kullanimlarin1 kapsamaktadir. Tablo 1, dnceki ¢aligmalarda yer alan ML
modellerinin bir listesini, tanimlarini ve temel bilegenlerini 6zetleyerek sunmaktadir.

ANN ve BN, literatiirde en yaygin kullanilan ML algoritmalaridir. ANN’ler insan beyninin karmasik yapisindan esinlenerek
basitlestirilmig elektronik gosterimlerdir (Hassoun, 1995). ANN modelinin kullanildig1 calismalarda mutlak ortalama hata degerleri
ortalama %?3-30 arasinda degismektedir (Chi-Sen Li ve Chen, 2014; Li, Sheng, Du, Wang ve Ran, 2020; Lin ve Li, 2020). Bu
da ANN modellerinin trafik kaza siiresi i¢in tahmin giiciiniin yliksek oldugunu gostermektedir. Bu caligsmalarda kullanilan veri
boyutu, veri kalitesi ve diger faktorlerin ANN modellerinin trafik kaza siiresi i¢in yiiksek tahmin giiciinii etkileyebilecegi de
unutulmamalidir. Diger taraftan BN, Bayes olasilig1 ve ¢izge teorilerini birlestiren ve tiimevarimsal bilgi kesfi yaklagimini kullanan
bir tekniktir (Pearl, 1988). BN, yapay zekd ve ML gibi ilgili sahalarda genis uygulama alan1 bulmustur. BN modelini kullanan
onceki caligmalarda, mutlak ortalama hata degerlerinin yaklasik %67’ye kadar ¢ikt1g1 gézlemlenmistir (Cong ve digerleri, 2018;
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Ghosh ve Dauwels, 2022). Tlgili faktorlerin etkisi goz ardi edilirse, BN modellerinin trafik kazas1 siiresi icin tahmin giiciiniin
yiiksek olmadig1 s6ylenebilir.

Incelenen makalelerde kullanilan diger ML algoritmasi ET, performansi ve saglamlig1 artirmak icin birden fazla modelden
gelen tahminleri birlestirir (Breiman, 1996; Schapire, 1990). RF, genellemeyi iyilestirirken istikrarsizlig1 onleyerek asir1 uyumu
ele almak igin gesitli DT lerden olusan bir orman olusturur (Tin Kam Ho, 1995). Ozetle, bu teknikler ¢ok gesitli ML ve yapay zeka
araclarini temsil etmektedir. Uygulayicilar, birden fazla modelin tahminlerini birlestirerek (ET), karara dayali yapilar kullanarak
(DT, RF) cok ¢esitli zorluklarin iistesinden gelebilir ve saglam c¢oziimler gelistirebilirler.

Tablo 1. Makine 6grenmesi ¢aligmalari.

Yontem Referans  Yontem Veri ozellikleri Veri Calisma yeri Performans Siire
Kategorisi tiiri olgiitleri zZaman
asamasi
Coklu ML (Ghosh, Siniflandirma ve regresyon agact 11.278 olay Agustos 5 dk. Singapur MAPE: 20-50%, Olay
Asif, (CART), Cok katmanli algilayict 2016 - Ocak 2017 Tahmin hatasi: stiresi
Dauwels, (MLP), Tree bagger, Destek tarihleri arasinda 55.84%
Fastenrath  vektor regresyonu (SVR),
ve Guo, Uyarlanabilir bulanik NN, Gauss
2019) karisim regresyonu (GMR)
(Grigorev, Cift seviyeli ML cergevesi aykiri 574 kaza 2017 yilt - Avustralya, En iyi MAPE: Olay
Mihaita, deger giderme ve intra—extra ortak  boyunca Sydney ve ABD, 9.34%, Kesinlik, stiresi
Lee ve optimizasyon algoritmasi (IEO- Kaliforniya/San  Duyarhlik,
Chen, ML) Francisco Dogruluk, F1-
2022) score
(Hamad, Regresyon karar agaci, SVM, ET ~ 119.670 olay 1 Ocak - ABD, MAE, RMSE, Olay
Khalil, ve  (Bagged ve Boosted), Gauss 2004 - 31 Aralik 2013 Texas/Houston Ortalama egitim stiresi
digerleri,  proses regresyonu, ANN tarihleri arasinda stiresi
2020)
(Hamad, Faktoriyel deney tasarimu, Ileri 90.000 tizerinde ve - ABD, RMSE: 12.7 dk., Olay
Obaid, siralt 6zellik secimi ve goklu ML birgok yili kapsayan Texas/Houston MAE: 10.1 dk. stiresi
Haridy, teknikleri (Dogrusal regresyon, kisa siireli olay
Zeiadave DT, SVM, ET, GMR ve ANN) kayzitlart
Al-
Khateeb,
2022)
(Lee ve LIME (Dogrusal regresyon, En 1.425 olay 2 Eyliil - 1 5ve30  Giney Kore, En iyi MAPE: Olay
digerleri,  kiiciik mutlak kiiciiltme ve segim  Aralik 2020 tarihleri dk. Seoul 80.8% siiresi
2022) operatorii (LASSO), Ridge arasinda
regresyon, SVR ile Radyal taban
fonksiyonu (RBF), DT, RF,
XGBoost, CatBoost, Isik gradyani
artirma makinesi (LGBM) ve
MLP)
(Pereira Dogrusal regresyon, SVR/RVM, 10.139 kaza Ocak 2010 20 dk. Singapur MAPE: aralik 40-  Olay
ve ANN, DT, RBF ve Gizil Dirichlet - Aralik 2011 tarihleri 100%, MAE: 15.5  siiresi
digerleri,  atamasi (LDA) olarak bilinen arasinda dk., ME: 9.9 dk.
2013) konu modelleme teknigi (28%)
(Valenti Coklu dogrusal regresyon, DT, 237 olay 2005 yilna ait  5ve 10 italya En iyi MAPE: Olay
ve ANN, SVM/RVM, k-NN ii¢ ayda (Ocak, Nisan, dk. 34%, En iyi MAE:  siiresi
digerleri, Agustos) 13,65 dk., En iyi
2010) RMSE: 17.29 dk.
(Won, Hibrit Birliktelik kurali 6.463 olay 2012 - 2016 30,60,  ABD, Maryland  Dogruluk: 85% Temizleme
Kim ve madenciligi (ARM) yillar1 arasinda ve 120 stiresi
Chang, dk.
2018)
(Mohamm SVM, RF ve ANN 352 olay Ocak 2015 - 5 dk. ABD, Missouri SVM igin en iyi Olay
ed, Ocak 2017 tarihleri MAE: 14.23 dk., siiresi
Abdullah arasinda RF i¢in en iyi
ve Al RMSE: 18.91 dk.,
Hussaini, MSE
2021)
(Sheikh Bagimsiz bilesen analizi, Hibrit 25 olay ve 50.656 3,12, ABD, DR, FAR, Olay
ve Regan, gozlemci- Genellestirilmis toplam 6rneklem 16 ve 30 Kaliforniya/San  Simiflandirma stiresi
2022) olabilirlik orani, Hiz tabanli hiicre ~ Subat - 19 Mart 1993 dk. Francisco Bay orani, MTTD,
iletim modeli (CTM-v), Pargali ve 27 Temmuz - 29 Area AUC ve ROC

Ekim 1993 tarihleri
arasinda

anahtarlamali dogrusal model
(PWSL), Geri Yayilimli sinir agt
(BPNN), SVM ve k-NN
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Tablo 1. Devami.

NN (Ying Lee  ANN modelleri ve GA 39 kaza 2004 — 2005 5 dk. Tayvan En iyi MAPE: Kaza
ve Wei, yillart arasinda 8.93%, En iyi stiresi
2010) MAE: 416.6 sn.,

En iyi R%: 0.944
(Lee, ANN ve k-NN 46 olay 2012 y1li 5 dk. Tayvan En iyi MAPE: Temizleme
Wei ve boyunca 25.4% ve
Chao, miidahale
2017) stiresi
(Live NN 76 }(aza 16 Eyl}l‘il - }6 5 dk. Tayvan MAPE: 6.47%, S?yahat
Ekim 2009 tarihleri RMSE: 2.02 dk. stiresi
Chen,2013) arasmnda
(Chi-Sen NN, CART ve K-ortalamalar (K- 76 kaza 16 Eyliil - 16 5vel0 Tayvan MAPE: 6-9% Seyahat
Live means) Ekim 2009 tarihleri dk. stiresi
Chen, arasinda
2014)
(Li ve Kisith Boltzmann makinesi 968 kaza 5vel0 ABD, MAPE: 20.23%, Miidahale
digerleri,  (RBM) tabanl bir derin fiizyon dk. Kaliforniya RMSE: 11.84 dk. ve
2020) modeli temizleme
stiresi
(Live Spiking sinir ag1 (SNN) ve 11.940 kaza Subat 30 dk. ABD, MAPE: 12.07%, Miidahale
digerleri, Evrisimsel sinir agi (CNN) 2016 - 2020 tarihleri Kaliforniya RMSE: 8.13 dk. ve
2021 arasinda te..mlgleme
siiresi
(Lin ve NN, SVM, RF 13.338 kaza 2017 yih 5 dk. Cin, Beijing En iyi MAPE: Kaza
Li, 2020) boyunca 3.05% (RF), olusum
6.42% (SVM), stiresi
5.59% (NN); En
iyi RMSE: 5.50
dk. (RF), 10.62 dk.
(SVM), 6.05 dk.
(NN)
(Park, Bayes ANNs 13.987 olay 2010 - 30 dk. ABD, Maryland MAE: 18-29%, Olay
Haghani 2011 yillar1 arasinda MSPE: 25-56% stiresi
ve Zhang,
2016)
(Vlahogia  Kismi lojistik regresyon yapay 1.449 kaza 2012 - Yunanistan, En iyi dogruluk: Olay
nni ve sinir ag1 (PLANN) yilinda Athena 9.23%, AIC, ROC,  siiresi
Karlaftis, MDL
2013)

ET (Chenve  TF-IDF-RF (Terim Frekansi-Ters ~ 3.046 kaza Ocak 2020 - - Cin, Shaanxi MAPE: 73-75%, Kaza
Tao, Belge Frekansi-RF) ve Metin Nisan 2021 tarihleri RMSE, R2 siiresi
2022) madenciligi arasinda
(Tang, Asirt gradyan yiikseltme makinesi  2.565 olay 1 Ocak - 31 - ABD, MAPE: 22.1% Temizleme
Zheng, algoritmasi (XGBoost), Bayes Aralik 2011 tarihleri Washington/Seat stiresi
Han, Liu  optimizasyonu, K-ortalamalar (K-  arasinda tle
ve Cai, means)

2020)
(Won, Aykart deger tespit yontemleri 2.455 olay 2012 -2017 30 ve ABD, Maryland  Eniyi MAE: 13.42 Olay
2020) (PCA, Medoidler etrafinda yillar arasinda 60 dk. dk., En iyi MSE: stiresi
bolimleme (PAM) ve Isolation 367.76 dk., AIC
Forest), ET ve Hibrit ARM
(Zhao ve  Heterojen ET modeli (XGBoost, 2.366.002 baglangi¢ - ABD MAPE: 35.6%, Kaza
Deng, LGBM, CatBoost, Stacking ve egitim seti verisi 8 MAE: 30.7432 dk., siiresi
2022) Elastic Network) Subat 2016 - 14 May MSE: 4252.1728
2020 ve 24.143 kay1t
test seti verisi 14 May
— 30 Haziran 2020
tarihleri arasinda
(Zhao ve  Kiimeleme-Tabanli ET, K- 18.462 olay 14 Eyliil - Singapur MSE: 5314.78, Olay
digerleri,  ortalamalar (K-means), ANN, RF 2020 - 5 Ocak 2021 RMSE: 72.90 dk. stiresi
2022) regresyon modeli tarihleri arasida

RF (Bai ve RSF model ve Carpim sinirt 349 veri Ocak 2018 - 10 Cin, Yunnan MAE: 11.32 dk., Bildirme,
digerleri,  tahmincisi (K-M) analizi Aralik 2020 tarihleri saatlik MSE: 346.99, RSF  miidahale
2022) arasinda model: 0.756 ve ve

0.867 temizleme

siiresi

(Hamad, = RF ve ANN 140.653 olay 1 Ocak - ABD, En iyi MAE: Olay
Al- 2004 - 31 Aralik 2013 Texas/Houston 14.979 dk., RMSE: siiresi
Ruzouq, tarihleri arasinda 20.231 dk.
ve
digerleri,
2020)
(Liu, RF, k-NN, SVR 44.916 kaza Subat 5 dk. ABD, En iyi MAPE: Ikincil
Zheng, Li 2016 - Haziran 2020 Kaliforniya/Los ~ 1.310%, En iyi garpisma/
ve Tang, tarihleri arasinda Angeles RMSE: 11.214, En  aralik
2022) iyi MSE: 1.488 siiresi
(Shang, Komsuluk bilesenleri analizi 440 olay 10, 30, ABD, RF ve SVM igin -
Tan, Gao  (NCA) ve Bayes optimizasyon 60, ve Kaliforniya simiflandirma
ve Feng, algoritmasi (BOA) ile optimize 90 dk. dogrulugu: 84%

2019)

edilmis RF
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3. Yontem

Bu aragtirmanin birincil amaci Istanbul’daki trafik kaza verilerine dayali olarak trafik kaza siiresini ET ve NN yontemleri ile
tahmin etmek ve bu yontemlerin performanslarini karsilagtirmaktir. Arastirmanin ikincil amac ise trafik kaza siiresini etkileyen
temel faktorleri belirlemektir. Kaza siiresinin tahmin edilebilmesi kaza nedeniyle meydana gelen trafik sikisikliginin ne kadar
siireceginin de tahmin edilebilmesine imkan saglayacaktir. Bu amac i¢in trafik kaza verilerine ihtiya¢ duyulmaktadir. Bu aragtirma
kapsaminda kullanilan Istanbul’a ait veri setleri Istanbul Biiyiiksehir Belediyesi (IBB) ve Emniyet Genel Miidiirliigii (EGM) olmak
lizere iki farkli kaynaktan elde edilmigtir. Elde edilen veriler veri madenciligi kullanilarak incelenmistir. Veri madenciligi, calisma
verilerinin en dogru sekilde analiz edilebilmesine imkan tanirken hata oranimi da diisiirmektedir. Boylece zaman ve performans
kayiplar1 da 6nlenmis olmaktadir. Ayiklanan nihai veri setine istatistik testleri ve ML algoritmalar1 uygulanarak trafik kaza siiresi
tahmini gerceklestirilmistir.

3.1. Materyal ve Veri On Isleme

Bu arastirmada analiz icin kullamilan veri setlerinden biri IBB Ulagim Daire Bagkanlig1 tarafindan IBB Acik Veri Portali iizerinden
yayimlanmis olan Istanbul sehrine ait “Ulagim Yonetim Merkezi Trafik Duyuru Verisi” baslikli veri setidir ve agik erisimlidir (IBB
UDB, 2023). IBB trafik duyuru veri seti 2013-2021 yillarini kapsamaktadir. Veri seti icerisinde Istanbul’da gergeklesen 159.411
trafik olay kaydi ve 13 farkli degisken bulunmaktadir. Diger veri seti ise EGM Trafik Bagkanlig1 istatistik birimi tarafindan
saglanan trafik kazalar veri tabanindan elde edilmistir. EGM trafik kazalar1 veri seti 2013-2021 yillarin ve tiim Tiirkiye sehirlerini
kapsamaktadir. EGM veri seti “kaza bilgisi” ve “kaza arag bilgisi” olmak iizere iki Excel dokiimani seklinde elde edilmistir. “Kaza
bilgisi” veri seti igerisinde 1.338.387 trafik kaza kaydi1 ve 53 farkli degisken bulunurken; “kaza arag¢ bilgisi” veri seti icerisinde
2.206.474 trafik kaza kayd: ve 11 farkli degisken bulunmaktadir. Bu aragtirmanin agamalarini agiklayan akis semast Sekil 1°de

sunulmaktadir.
( Literatiir Arastirmasi )

Veri

Veri On Veri
Veri Analizi > A g
Isleme Hazirlama

!

Orneklem

Egitim Veri Seti Test Veri Seti

Y

Modelleme

Model Performans
Model Sec g > .
Egitimi Olciimii

!

Tahminleme

!

Sonuc ve Karsilastirma

Sekil 1. Arastirma siireci akis semasi.
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Veri 6n igleme (data preprocessing), bir dizi alt iglemi icerir. Bu islemler arasinda veri setlerini birlestirme, kapsam dis1 ve eksik
deger iceren siitunlar1 ¢cikarma, eksik verileri tamamlama, aykir ve tekrarlanan degerleri ¢ikarma, veri diizenleme, normalizasyon
ve standardizasyon gibi adimlar bulunmaktadir. Eksik verilerin belirlenmesi, aykir1 degerlerin diizeltilmesi ve veri setinin genel
olarak temizlenmesi, analitik modellerin dogrulugunu artirir ve sonuglarin daha giivenilir olmasini saglar.

Arastirma kapsaminda elde edilen “IBB Trafik Duyurular1”, “EGM Kaza Bilgisi” ve “EGM Kaza Arac Bilgisi” olmak iizere
toplamda {i¢ ayr1 veri seti bulunmaktadir. IBB veri setinde sadece Istanbul sehri icin kaza kayitlar1 bulunurken EGM veri
setinde tiim Tiirkiye sehirlerine ait kaza kayitlari bulunmaktadir. Dolayisiyla ilk yapilmasi gerek islem EGM veri setindeki kaza
kayitlarini sadece Istanbul sehrinin verilerini icerecek sekilde filtrelemek olmustur. Daha sonra; analiz, modelleme ve tahminleme
yapilabilmesi i¢in {i¢ ayr1 veri setinin birlestirilerek tek bir veri seti haline doniigtiiriilmesi gerekmektedir. Bu durumda ilk olarak
EGM Trafik Bagkanligi’ndan elde edilen kaza bilgisi veri seti ile kaza ara¢ bilgisi veri seti “Kazald” degiskeni esas alinarak
eslestirilmis ve birlestirilmistir. “Kazald” degiskeni her iki veri setinde de bulunmakta ve her kaza kaydi i¢in benzersiz bir kimlik
numarasi belirtmektedir. Eslestirme neticesinde birlestirilen veri seti igcerisinde 1.338.387 trafik kaza kayd1 ve 63 farkli degisken
elde edilmistir. EGM veri setlerinin kendi icerisinde birlestirilmesi sonrasinda IBB trafik duyurular1 veri seti iizerinden kaza
stiresi (AccDuration) bilgisi hesaplanmigtir. AccDuration, yani trafik kaza siiresi, bir kazanin meydana gelmesi ile kaza yerinin
baslangi¢ durumuna dénmesi arasindaki zaman farki olarak ifade edilmektedir. Daha sonra EGM birlestirilmis veri seti ile IBB
trafik duyurular veri setindeki “konum” ve “zaman” bilgilerini igeren degiskenler esas alinarak trafik kaza kayitlar1 eglestirilmisgtir.

Sonraki adimlarda bazi veri 6n isleme uygulamalar1 gergeklestirilmistir. Oncelikle, veri setindeki gereksiz bilgiler igeren ya da
eksik degerlere sahip siitunlar ¢ikarilmstir. Gereksiz veya eksik deger iceren siitunlar, analiz hedeflerine katkida bulunmayan veya
model performansini olumsuz etkileyen verileri icerebilir. Veri seti igcerisinde eksik veri bulunan satir sayist ¢ok azdir. Bu kayitlar,
sayilarinin ¢cok az olmasi nedeniyle modelleme ve tahmin performansini olumsuz etkilememesi i¢in veri setinden cikarilmigtir.
Ayni sekilde aykirt ve tekrarlanan degerleri ¢cikarma islemi de tamamlanmigtir. Daha sonra, veri diizenleme islemi yapilmistir. Veri
diizenleme, genel olarak kategorik degiskenlerin temizlenmesi ve bir standart ile tekrar ifade edilmesi olarak ifade edilebilir. Veri
diizenleme safhast, iki yaklagim ile tamamlanmstir. Bu yaklagimlar tek-sicak kodlama (one-hot encoding) ve etiket kodlama (label
encoding) olarak adlandirilmaktadir. Veri doniistiirme ise, genel olarak niimerik degiskenlerin yeniden 6l¢eklendirilmesi ve stan-
dartlastirilmasi olarak tanimlanabilir. Bu aragtirmada once veriler diizenlenmis daha sonra veri doniistiirme kapsaminda normal-
izasyon ve standardizasyon uygulamalar1 gergeklestirilmistir. Diger yandan veri setine ait kategorik degiskenler, icerisinde bulunan
metinsel ifadelerden arindirilarak rakamsal olarak siniflandirma iglemine tabi tutulmus etiketlenmis ve kategorize edilmistir.

Normalizasyon ve standardizasyon, veri 6n iglemede kullanilan iki dnemli yontemdir. Normalizasyon veriyi O ile 1 degerleri
arasinda yeniden Ol¢eklendirirken, standardizasyon veriyi ayni ortalamaya (0) ve ayni standart sapmaya (1) sahip olacak sekilde
yeniden olceklendirir (Karatag, 2021). Bu calismada en popiiler normalizasyon yontemlerinden biri olan min-maks normalizasyon
yontemi (min-max scaler) kullanilmigtir. Normalizasyon, Denklem 1 ile uygulanmaktadir.

X — X
Xyeni =_—"" 1
Xmaks - Xmin

Denklem 1°de belirtilen X,,; terimi degisken icerisindeki ilgili degerin normalizasyon formiilii ile hesaplanmig olan yeni
degerini, X,,;;, terimi ilgili degiskende bulunan en kiigiik degeri ve X4« terimi ilgili degiskende bulunan en biiyiik degeri ifade
etmektedir. Degisken degerlerini standartlagtiran standardizasyon ise Denklem 2 ile gerceklestirilmektedir.

@

Denklem 2’de belirtilen z terimi standardizasyon ile hesaplanmis yeni z-puan degerini, X terimi 6rneklem sayisini, p terimi
orneklemin ortalamasini ve s terimi de standart sapmay1 ifade etmektedir.

Elde edilen veri setinde miikerrer veri bulunamamistir. Bu nedenle, tekrarlanan degerleri ¢ikarma kapsaminda bu veri setinden
herhangi bir kesinti yapilmamigtir. Ancak, elde edilen veri seti igerisindeki “AccDuration” degiskeninde aykir1 degerler bulundugu
tespit edilmistir. “AccDuration” degiskeni icerisindeki veriler incelendiginde en kisa kaza siiresinin yaklagik 1 dakika ve en uzun
kaza siiresinin de yaklagik 1.440 dakika (24 saat) oldugu ve verilerin bu degerler araliginda degiskenlik gosterdigi gozlemlenmisgtir.
Degisken verilerinin dagilimina bakildiginda ise 6zellikle 120 dakikanin iizerindeki verilerin aykir1 degerler oldugu tespit edilmistir.
Diger yandan, literatiirdeki ¢aligmalara gore 90 ya da 120 dakikanin iizerindeki kaza siirelerinin biiyiik olcekli kaza olarak
tanimlandig1 ve farkli bir caligma ile incelenmesi gerektigi ifade edilmektedir (Zhang, Zhang ve Khattak, 2012). Kisa siireli kazalar
ile uzun siireli kazalar arasindaki etkileyici faktorlerin ve tahmin belirleyicilerinin farkli olabilecegine dikkat ¢ekilmektedir. Tiim
bu degerlendirmeler neticesinde ilgili aykir1 degerler veri setinden ¢ikarilarak, veri setinin genel kalitesi artirilmig ve modelleme
ile tahminleme siireclerinin daha saglikli bir temele oturmasina olanak saglanmugtir.
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3.2. Veri Analizi

Veri 0n igleme siirecinde veri setlerinin birlegtirilip, eksik ve aykir1 degerler c¢ikarildiktan, filtreleme ve hata kontrol islemleri
yapildiktan sonra nihai veri seti elde edilmistir. Nihai veri seti, 2013-2021 yillari arasindaki Istanbul’da gerceklesen 1.905 trafik
kaza kaydini icermektedir. Bu arastirmada kullanilan nihai veri setinde kaza siiresi 90 dakikadan kisa siiren veriler dikkate
alinmistir. Bunun temel iki nedeni bulunmaktadir. Birincisi, kaza siiresi 90 dakikanin iizerindeki verilerin daginik olmasi ve ¢ok
fazla aykir1 degere sahip olmasi; ikincisi ise bu aragtirmanin odagin biiyiik 6lgekli degil, kiiciik dlcekli ve kisa siireli kazalarin
tahmin edilmesidir. Diger yandan, literatiirdeki caligmalara gore 90 ya da 120 dakikanin iizerindeki kaza siirelerinin biiyiik olcekli
kaza olarak tanimlandi8: ve farkli bir calisma ile incelenmesi gerektigi ifade edilmektedir ( Zhang ve digerleri, 2012). Bu nedenlerle
kaza siiresi 90 dakikanin iizerinde bulunan kaza kayitlar1 veri setinden ¢ikarilmigtir.

Nihai veri seti iizerinde birtakim istatistiksel analizler geceklestirilmistir. Istatistiksel analiz, elde edilen veriler iizerinden anlam
cikarmak, desenleri tanimlamak, degiskenler arasindaki iligkileri anlamak ve gelecekteki olaylar1 tahmin etmek igin istatistik
yontemlerini kullanarak yapilan bir analiz tiirtidiir. Bu arastirmada, istatistiksel analiz kapsaminda tanimlayici analiz (descriptive
analysis), korelasyon analizi, konumsal, zamansal ve cevresel analizler gergeklestirilmistir.

Tanimlayici analiz, veri setinin genel 6zelliklerini anlamak, onemli Oriintiileri ve trendleri belirlemek ve ileri analiz i¢in bir temel
olusturmak icin kullamlmaktadir. Tanimlayici analiz, nihai veri seti icerisinde yer alan Istanbul’daki trafik kazalarnin ve ilgili
degiskenlerinin genel 6zelliklerini ayrintili bir gekilde ortaya koymay1 amaglamaktadir. Elde edilen nihai veri seti ve tanimlayict
analiz sonuclar1 Tablo 2’de gosterilmektedir.

Tablo 2. Nihai veri seti ve tanimlayict analiz sonuglari.

Degisken Ad1 Veri Tipi Deg::léz;sll; TekrarIl)aeléaer: Min. Maks. (Genil:lz;lrg Ortalama  Ortanca Mod Stg:sx; Varyans
Kazailcesi Kategorik 38 Var 2 41 39 20,35 20 7 - -
KazaYerlesimYeri Kategorik 2 Var 1 2 1 1,26 1 1 - -
YolunTipi Kategorik 4 Var 1 4 3 1,22 1 1 - -
YolKaplamasi Kategorik 4 Var 1 4 3 1,01 1 1 - -
YolunSinifi Kategorik 9 Var 1 12 11 3,42 3 4 - -
GeoYatay Kategorik 3 Var 1 3 2 1,07 1 1 - -
GeoDusey Kategorik 4 Var 1 4 3 1,17 1 1 - -
GeoKavsak Kategorik 8 Var 1 8 7 7,58 8 8 - -
GeoGecit Kategorik 5 Var 1 5 4 4,93 5 5 - -
GeoDiger Kategorik 7 Var 1 8 7 7,80 8 8 - -
GunDurumu Kategorik 3 Var 1 3 2 1,41 1 1 - -
HavaDurumu Kategorik 6 Var 1 10 9 1,33 1 1 - -
YolunYuzeyi Kategorik 5 Var 1 6 5 1,16 1 1 - -
ilkYardim Kategorik 3 Var 1 3 2 1,07 1 1 - -
KazaOlusTuru Kategorik 13 Var 1 14 13 4,54 3 2 - -
CarpismaYeri Kategorik 10 Var 1 11 10 1,26 1 1 - -
KazaYolKusuru Kategorik 5 Var 1 8 7 7,99 8 8 - -
YolGenisligi Kategorik 8 Var 1 8 7 1,93 1 1 - -
OtoKorkuluk Kategorik 2 Var 1 2 1 1,23 1 1 - -
YayaYolu Kategorik 3 Var 1 3 2 1,85 2 2 - -
EmniyetSeritiBanket Kategorik 3 Var 1 3 2 1,65 2 2 - -
YolSeritCizgisi Kategorik 3 Var 1 3 2 1,05 1 1 - -
TrafikIsaretLevhasi Kategorik 3 Var 1 3 2 1,82 2 2 - -
TrafikLambasi Kategorik 3 Var 1 3 2 2,71 3 3 - -
Aydinlatma Kategorik 3 Var 1 3 2 1,42 1 1 - -
TrafikGorevlisi Kategorik 2 Var 1 2 1 1,98 2 2 - -
GoruseEngelCisim Kategorik 1 Var 2 2 0 2,00 2 2 - -
HasarGorenUnsur Kategorik 2 Var 1 2 1 1,81 2 2 - -
YoldaCalisma Kategorik 2 Var 1 2 1 1,99 2 2 - -
ToplamOluSayisi Niimerik 2 Var 0 1 1 0,02 0 0 0,12 0,02
ToplamYaraliSayisi Niimerik 16 Var 0 28 28 1,60 1 1 1,42 2,01
Bisiklet Niimerik 2 Var 0 1 1 0,00 0 0 0,04 0,00
AtArabasi Niimerik 1 Var 0 0 0 0,00 0 0 0,00 0,00
MotorluBisiklet Niimerik 3 Var 0 2 2 0,03 0 0 0,16 0,03
Motosiklet Niimerik 3 Var 0 2 2 0,29 0 0 0,48 0,23
Otomobil Niimerik 8 Var 0 7 7 1,21 1 1 1,00 1,00
Minibus Niimerik 4 Var 0 3 3 0,07 0 0 0,28 0,08
Kamyonet Niimerik 5 Var 0 4 4 0,30 0 0 0,55 0,30
Kamyon Niimerik 4 Var 0 3 3 0,05 0 0 0,22 0,05
Cekici Niimerik 3 Var 0 2 2 0,04 0 0 0,19 0,04
Otobus Niimerik 3 Var 0 2 2 0,06 0 0 0,26 0,07
Traktor Niimerik 1 Var 0 0 0 0,00 0 0 0,00 0,00
AraziTasiti Niimerik 2 Var 0 1 1 0,00 0 0 0,04 0,00
OzelAmacli Niimerik 2 Var 0 1 1 0,01 0 0 0,08 0,01
IsMakinesi Niimerik 2 Var 0 1 1 0,00 0 0 0,05 0,00
Ambulans Niimerik 2 Var 0 1 1 0,00 0 0 0,05 0,00
Tanker Niimerik 3 Var 0 2 2 0,00 0 0 0,05 0,00
Tren Niimerik 1 Var 0 0 0 0,00 0 0 0,00 0,00
Tramvay Niimerik 2 Var 0 1 1 0,00 0 0 0,05 0,00
DigerArac Niimerik 2 Var 0 1 1 0,02 0 0 0,12 0,01
ElektrikliSkuter Niimerik 1 Var 0 0 0 0,00 0 0 0,00 0,00
AccDuration Niimerik 1074 Var 2,083 89,983 87,900 45,807 37,417 28,80 20,809 432,995
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Korelasyon analizi, iki veya daha fazla degisken arasindaki iliskiyi ve bu iligkinin giiciinii 6lgen istatistiksel bir tekniktir.
Korelasyon analizi genellikle Pearson Korelasyon Katsayisi kullanilarak yapilmaktadir (Miles ve Banyard, 2007). Pearson kore-
lasyonu, iki siirekli degisken arasindaki dogrusal iligskiyi 6lcen parametrik bir 6l¢iidiir (Gibbons, 1997; Howell, 1992). Degerleri -1
ile +1 arasinda degismektedir (Cohen, 2013). +1, tam pozitif korelasyon, yani bir degisken arttiginda diger degisken de dogrusal
bir sekilde artmaktadir. 0, iki de8isken arasinda korelasyon yoktur manasindadir. -1, tam negatif korelasyon, yani bir degisken
arttiginda diger degisken dogrusal bir sekilde azalmaktadir. Arastirma kapsaminda gerceklestirilen korelasyon analiz sonuglarina
gore aralarinda korelasyon bulunan degiskenler ve ilgili degerler Tablo 3’te sunulmaktadir.

Tablo 3. Korelasyon analiz sonuglari.
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KazaOlusTuru 1,00
AracSayisinaGoreKaza -0,67 1,00
SonucOluSurucu 0,02 -0,01 1,00
SonucOluYaya 0,11 -0,09 -0,01 1,00
SonucYaraliYolcu -0,07 0,10 -0,02 -0,02 1,00
ToplamOluSayisi 0,10 -0,08 0,63 0,70 -0,03 1,00
ToplamYaraliSayisi -0,06 0,08 -0,06 -0,05 0,93 -0,07 1,00
KazaOlumlu 0,10 -0,08 0,63 0,70 -0,03 1,00 -0,07 1,00
KazaYaralamali -0,10 0,08 -0,63 -0,70 0,03 -1,00 0,07 -1,00 1,00
Otomobil -0,32 0,59 -0,04 -0,05 0,11 -0,06 0,10 -0,06 0,06 1,00
ToplamAracSayisi -0,53 0,90 -0,01 -0,08 0,11 -0,07 0,09 -0,07 0,07 0,68 1,00
AccDuration -0,41 0,84 -0,01 -0,06 0,10 -0,04 0,08 -0,04 0,04 0,62 0,84 1,00

Bu arastirma kapsaminda kullanilan nihai veri seti degiskenlerine korelasyon analizi uygulanmistir. Tablo 3’te sunulan korelasyon
matrisine gore -0,50 degerinden kiigiik ve 0,50 degerinden biiyiik korelasyonlar kirmizi renk ile vurgulanmaktadir. Analiz
sonuclarina gére bazi degiskenler arasinda yliksek pozitif ve negatif korelasyonlar oldugu tespit edilmistir. KazaOlumlu ile Toplam-
OluSayisi degiskenleri arasinda +1, KazaYaralamali ile ToplamOluSayisi ve KazaOlumlu degiskenleri arasinda -1, ToplamYaral-
iSayisi ile SonucYaraliYolcu degigkenleri arasinda 0.93 degerlerinde negatif veya pozitif dogrusal bir iligski oldugu goriilmiigtiir.
Bu durumda Multikolinerite (Multicollinearity) problemi ortaya ¢ikmaktadir. Multikolinerite, bir tahmin modelindeki bagimsiz
degiskenler arasinda yiiksek bir korelasyon veya iligkinin oldugu durumu ifade etmektedir (Farrar ve Glauber, 1967). Yani, bir
veya daha fazla bagimsiz degiskenin diger bagimsiz degisken(ler) ile giiclii bir sekilde iliskili oldugu durumlart kapsar. Bu durum,
tahmin modelinde sorunlara neden olabilir. Bu noktada, dogru bir analiz ve yiiksek tahmin giicii gerceklestirebilmek amaciyla
negatif ve pozitif korelasyona neden olan ve ayrica model performansini olumsuz etkileyebilecegi degerlendirilen SonucOluSurucu,
SonucOluYolcu, SonucOluYaya, SonucYaraliSurucu, SonucYaraliYolcu, SonucYaraliYaya, KazaOlumlu, KazaYaralamali, Arac-
SayisinaGoreKaza, ToplamAracSayisi isimli degiskenler modelden ¢ikarilmigtir.

Diger bir analiz olarak konumsal analiz uygulanmistir. Nihai veri setine gore 2013-2021 yillar1 arasinda Istanbul’da gergeklesen
trafik kazalarinin konumlari Sekil 2°de gorsellestirilmistir. Google Haritalar aracilifiyla olusturulan bu gorsel, Istanbul’un farkl
bolgelerindeki trafik kazalarinin cografi olarak dagilimini gostermektedir. flce ve ana arter yol bazinda detayh bir analiz sunan bu
harita, kaza sikliginin yogun oldugu alanlar ve giizergahlari belirlemek ve bu bolgelerdeki trafik giivenligini artirmak i¢in alinacak
tedbirleri yonlendirmek adina degerli bir kaynak oldugu diisiiniilmektedir. Haritaya bakildiginda Istanbul’daki kazalarin biiyiik
bir boliimiiniin TEM, E-80, ES, D-100 Karayolu, Sahil Yolu isimleriyle bilinen ana arter yollarda ve ES-TEM baglant1 yollarinda
gerceklestigi goriilmektedir. Bu analiz, ML algoritmalarinin kaza konum verileri iizerindeki roliinii degerlendirmek adina énemli
ipuclar1 sunmaktadir. Elde edilen sonuglar, algoritmalarin belirli yillardaki kaza egilimlerini belirleme ve bu verilere dayanarak
gelecekteki kazalari tahmin etme potansiyeline sahip oldugunu gostermektedir.

Istanbul’da 39 ilge bulunmaktadir. Adalar harig 38 ilcede 2013-2021 yillar1 arasinda gergeklesen toplam trafik kaza sayilarinin
gorsellestirildigi grafik Sekil 3’te gosterilmektedir. Cizgi grafikte her bir nokta, o ilcede meydana gelen toplam trafik kaza
sayisini temsil etmektedir. Toplam kaza sayilar1 degerlendirildiginde, 4.182 ile en yiiksek kaza sayisinin Zeytinburnu ve ardindan
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Sekil 2. Istanbul’da gerceklesen trafik kaza konumlarmin cografi dagilim.

3.080 ile Kiigiikcekmece ve 2.436 ile Fatih il¢elerinde ve en diisiik kaza sayisinin da 10 ile Arnavutkdy il¢esinde gergeklestigi
goriilmektedir. flcelere gore gerceklesen toplam kaza sayilar1 dalgali bir dagilim gostermektedir. Bu dalgali dagilimin sebepleri
zamansal ve gevresel faktorlerdeki farkliliklar olabilecegi gibi; ilgelerdeki yol ag1 yapisi, kavsak ve ana arter yollara katilimlarin
yOnetimi, cazibe ve ig merkezlerine yakinlik gibi diger faktdrlerin de etkisi olabilecegi degerlendirilmektedir.

4.500 4182

Istenbul Tlgsleri

Sekil 3. Istanbul’da gerceklesen trafik kaza konumlariin cografi dagilim.

Veri analizi kapsaminda degerlendirilen zamansal analiz, Istanbul’daki trafik kaza verilerinin zaman iginde nasil degistigini
anlamak ve bu degisikliklerin trafik kaza siiresine olan etkilerini incelemeyi amaclamaktadir. Sekil 4’te goriildiigii izere, 2013-2018
yillar1 arasinda yukari yonlii bir egilimin olustugu ve toplam kaza sayilarinda siirekli bir artis yasandig1 gézlemlenmistir. 2018-2020
yillar1 arasinda ise asag1 yonlii bir egilim ile belirgin bir azalig yasandig1 goriilmektedir. Bu yillar arasinda ve diinya genelinde
yasanan Kovid19 salgini ve sokaga ¢cikma yasaklarinin bu diisiiste 6nemli bir paya sahip olabilecegi degerlendirilmektedir. Bununla
birlikte, 35 toplam kaza say1si ile en diisiik kazanin yasandi81 y11 2013, 294 kaza sayis1 ile en yiiksek y1l 2018 olmustur. Bu noktada,
toplam kaza sayilar1 bakimindan gbézlemlenen egilimler ve u¢ degerler, trafik yonetiminin ve giivenliginin degerlendirilmesinde
katk: saglayabilir.

Istanbul’da gerceklesen toplam trafik kaza sayilarinin saatlik dilimlere gore dagilimi Sekil 5°te gosterilmektedir. Sunulan
histogram, Istanbul’da meydana gelen trafik kazalarinin saatlik degisimini 24 saatlik dilime gore ayrintili bir sekilde ortaya
koymaktadir. Buna gore, 455 toplam trafik kaza sayisiyla trafik kazalarinin en yogun sekilde yasandig: saat dilimi 08.30 ile 11.50
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Sekil 4. Yillara gore toplam kaza sayilarinin dagilimi.

olarak gozlemlenmektedir. Ardindan sirasiyla, 449 toplam trafik kaza sayisiyla saat 05.10 ile 08.30 aras1 ve 441 kaza sayisiyla saat
11.50 ile 15.10 aras1 gelmektedir. Ozellikle, ise gidis ve ig saatlerindeki yogunlugun kazalar {izerindeki etkileri dikkat gekmektedir.
Diger acidan, 101 toplam trafik kaza sayisiyla 22.30 ile 01.50 saatleri arasi, trafik kazalarinin en az yagandigi saat dilimi olmustur.
Bu bulgular, trafik kazalarini azaltma cabalarinin saatlik dinamiklere yonelik daha spesifik ve hedefli bir sekilde planlanmasina
olanak tanimaktadir. Saatlik degisimin detayl bir analizi, trafik giivenligi uygulamalarinin daha etkin bir sekilde uyarlanabilmesi
icin 6nemli bir temel sunmaktadir.
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Sekil 5. Saat araliklarina gére toplam kaza sayilarinin dagilimi.

Bu boliimde sunulan Sekil 6, Istanbul’da meydana gelen trafik kaza siirelerinin yillara gére nasil bir dagihm gosterdigini
gorsellestirmektedir. Grafik iizerinden elde edilecek bilgiler, trafik kazalarinin siirelerinin yillar arasinda nasil bir dagilim goster-
digini anlamak acisindan degerli ipuclart sunmaktadir. Ornegin, 2013 yilindan 2018 yilina kadar toplam kaza siirelerinde diizenli
bir artis yasandi§1 goriilmektedir. 2018 yilindan 2020 yilina kadar ise belirgin bir azalig yasandig1 gozlemlenmektedir. Bu yillar
arasinda ve diinya genelinde yasanan Kovid19 salgini ve sokaga ¢ikma yasaklarinin bu diisiiste 6nemli bir paya sahip olabilecegi
degerlendirilmektedir. Ek olarak, toplam kaza siiresinin en diisiik oldugu y1l 2013 iken, en yiiksek y1l 2018 olmustur. Bahsi gecen
yillardaki kaza siirelerinde gozlemlenen artiglar veya azalmalar, trafik giivenligi lizerinde etkili olan faktorlerin belirlenmesine
katkida bulunabilir. Bu noktada, trafik kazalarinin ve sebep olduklar trafik sikisikliklarindan kaynaklanan zamansal, ¢evresel ve
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ekonomik kayiplar diisiiniildiigiinde, kaza siirelerini en aza indirme cabalar1 her gecen giin deger kazanmaktadir. Ayrica, degisim-
lerin veya belirli donemlerdeki egilimlerin, kaza siirelerini nasil etkiledigini anlamak, trafik giivenligi politikalarinin planlanmasi
acisindan da onem tagimaktadir.
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Sekil 6. Yillara gore toplam kaza siirelerinin dagilimi.

Bu béliim, Istanbul’daki trafik kazalarimin yillik degisimine odaklanarak ozellikle kaza siddetinin nasil evrildigini anlamay1
amagclamaktadir. Sekil 7°de, y1l bazli trafik kazalarinda gergeklesen toplam yarali ve 6lii sayilari sunulmaktadir. Grafige bakildiginda,
2013 yil1 igerisinde yasanan trafik kazalarinin toplam siddeti 66 yarali ve 1 6lii olarak gerceklesmistir. 2013 yilindan 2018 yilina
dek olii ve yarali sayilar1 bakimindan kazalarin siddeti artmigstir. 2018 y1li, toplam kaza siddeti 512 yarali ve 12 6lii ile en yiiksek
yaral1 ve 0lii sayisina sahip y1l olarak degerlendirilmektedir. 2018 yilindan 2020 yilina kadar az da olsa siirekli bir diisiis yasandig1
goriilmektedir. Bu yillar arasinda ve diinya genelinde yasanan Kovid19 salgin1 ve sokaga ¢ikma yasaklariin bu diisiiste onemli
bir paya sahip olabilecegi degerlendirilmektedir.
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Sekil 7. Yillara gore trafik kazalarinda gerceklesen toplam yarali ve 6lii sayilari.
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Diger bir agidan, arag tipi bazli trafik kaza analizi gerceklestirildiginde, farkli arac¢ kategorilerinin trafik kazalarina olan etkisi
goriilmektedir. Bu baglamda; otomobiller, kamyonlar, motosikletler, bisikletler gibi farkli arag tiplerinin kazalara karigsma oranlari
ve bu kazalardaki rolii incelenmektedir. Grafige bakildiginda, kazalara en sik karisan ilk {i¢ ara¢ tipinin sirasiyla otomobil,
kamyonet ve motosiklet oldugu goriilmektedir. Ara¢ tipi bazli analiz, kazalarin spesifik ara¢ kategorileri i¢in nasil farklilik
gosterdigini anlamak agisindan onemlidir. Arag tipi ve toplam ara¢ sayisina gore toplam kaza sayist dagilimini gosteren grafik
Sekil 8’de gosterilmektedir.
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Sekil 8. Arag tipi ve toplam arag sayisina gore toplam kaza sayist dagilimi.

3.3. Modelleme

Bu arastirma, elde edilen veri setinin yapist ve ele alinan probleme gore denetimli bir regresyon ML teknigini gerektirmektedir.
Veri setindeki bagimli degiskenin siirekli bir deger almasi1 gereken durumlarda kullanilan bu algoritmalar, veri analizi ve tahmin
yetenekleriyle 6n plana ¢cikmaktadirlar. Bu aragtirmada etiketlenmis bir veri seti iizerinde denetimli grenme kapsaminda regresyon
algoritmalar1 kullanilmistir. Bir¢ok denetimli regresyon teknigi mevcut olsa da bu ¢aligmada, literatiirde oldukca yaygin olarak
kullanilan ve bu ¢alismanin sonuglarinin literatiir ile karsilagtirtlabilmesi icin ET ve NN algoritmalar1 kullanilmis ve performanslari
karsilagtirilmstir.

3.3.1. Topluluk Agact Modelleme

ET yontemi, genellikle birden fazla karar agacinin bir araya getirilmesiyle olusturulan bir topluluk 6grenme yontemidir. Bu teknik,
RF ve gradyan artirma agaclart gibi modellerle uygulanir. ET, tek bir karar agacinin giiciinii ve genelleme yetenegini artirmak
icin bir araya getirilen bir dizi agaci icerir. Her bir agac, farkli bir alt kiime veri {izerinde egitilir ve bu nedenle farkli 6zellikleri
veya Oriintiileri 6grenir. Sonug olarak ET, her bir agacin giiciinii bir araya getirerek daha kararli ve genellestirilmis bir tahmin
elde eder. ET nin avantajlarindan biri, asir1 6grenme/uyum (overfitting) riskini azaltma yetenekleridir. Her bir aga¢, yalnizca
rastgele orneklemler iizerinde egitildigi i¢in, her aga¢ genellikle farkli 6zellikleri veya Oriintiileri 6grenir. Bu da topluluk olarak
bir araya getirildiginde, genelleme yetenegi daha yiiksek bir model elde edilmesini saglar. Ayrica ET, biiyiik veri kiimeleriyle
calisirken yiiksek performans saglar. Paralel hesaplama yeteneklerinden dolayi, biiyiik veri kiimelerinde hizli ve etkili bir sekilde
caligabilirler. Ancak ET algoritmasinda dikkate alinmas1 gereken bazi hususlar vardir. Ornegin, modelin karmagikligini artirabilirler
ve anlagilmasi ve yorumlanmasi daha zor olabilir. Ayrica, baz1 durumlarda egitim siirecleri daha uzun olabilir ve daha fazla
hesaplama giicii gerektirebilir.

ET icerisinde iki tiir vardir: torbalanmis (bagged) agaclar ve giiclendirilmis (boosted) agaclar. Torbalanmig agaclar, diger adiyla
RF, bir agacta bircok bootstrap gelistirerek ve ardindan bunlan karar agacinda birlestirerek toplulukta farkli modeller olusturur.
Nihai karar, agacin nihai kararinin ortalamasi alinarak hesaplanir. Giiglendirilmis agaclar da iki adimdan olusan bir regresyon
agaclar1 toplulugudur. ik olarak, bir dizi ortalama performans gosteren model iiretmek icin orijinal verilerin alt kiimelerini
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kullanir. Daha sonra, belirli bir maliyet fonksiyonu kullanarak bunlar1 bir araya getirerek performanslarin artirir. Genel olarak, bir
RF modelinin matematiksel gosterimi Denklem 3’te sunulmaktadir.

1
y(x) = 2L Ti(x) 3)

Bu gosterimde; y(x) verilen giris 6rnegi x i¢in yapilan tahmini ¢ikt1 degerini temsil eder. B modelde kullanilan agaglarin sayisini
belirtir, T; (X) i numarali agacin girig 6rnegi x i¢in yaptig1 tahmini ifade etmektedir.

3.3.2. Sinir Aglart Modelleme

NN, ML icerisindeki en giiclii ve esnek araclardan biridir. Biyolojik sinir aglarinin ¢aligsma prensiplerinden esinlenerek tasarlanmuislardir.
NN, karmasik veri yapilarin1 6grenmek, siniflandirmak ve tahmin etmek i¢in kullanilirlar. Gorsel tanima, dogal dil isleme, ses
tanima, oyun stratejileri ve daha bir¢ok alaninda basariyla uygulanmiglardir. NN, bircok ndron adi verilen basit birimlerden olusur.

Bu noronlar, girdi verilerini alir, bunlari igler ve sonuglari bir ¢ciktiya doniistiiriirler. NN’ nin temel yapi tagi olan bu noronlar, girdil-
erle ciktilar arasinda agirliklarla ayrilmis baglantilarla iligkilidir. Noronlar, bu baglantilar1 ve agirliklar1 kullanarak girdileri isler

ve sonug olarak bir ¢ikt1 iretirler. NN genellikle katmanlar halinde diizenlenir. En basit NN yapist olan tek katmanli bir yapidan,
cok katmanli derin sinir aglarina kadar ¢esitli yapilar mevcuttur. En yaygin yapi1 olan ¢cok katmanli yapilarda, girdi katmani, gizli
katmanlar ve ¢ikt1 katmani bulunur. Her katman, 6nceki katmanin ¢iktilarini alir, igler ve sonuglari bir sonraki katmana iletir.

NN genellikle bir egitim siirecinden gegirilir. Bu siirecte, aga verilen egitim verisi iizerinde 6grenme gerceklesir. Agin cik-
tilar1, gercek etiketler veya hedeflerle karsilastirilir ve bu kargilagtirmalarin sonucunda agin igindeki parametreler, 6zellikle de
baglant1 agirliklari, giincellenir. Bu giincellemeler, agin daha dogru tahminler yapmasini saglamak icin gerceklestirilir. Egitim
siireci, genellikle geri yayilim (backpropagation) adi verilen bir algoritma ile gerceklestirilir. NN, esneklikleri ve genelleyebilme
yetenekleri nedeniyle bir¢ok uygulama alaninda biiyiik basar1 elde etmislerdir. Ancak, biiylik miktarda veri ve hesaplama giicii
gerektirebilirler. Bu nedenle, NN genellikle biiyiik dlcekli problemlerle ve DL gibi karmagik algoritmalarla iligkilendirilirler.
Son yillarda, DL teknikleriyle birlikte, NN 6zellikle gorsel tanima, dogal dil igleme ve oyun yapay zekas: gibi alanlarda devrim
niteliginde ilerlemeler kaydetmistir. NN’nin matematiksel olarak ifade edilen temel bir formiilii, bir sinir hiicresinin ¢iktisini
hesaplamak icin kullanilan igslemi tanimlar. Genel olarak, bir sinir hiicresinin ¢iktis1 Denklem 4’te sunulmaktadir.

y=f(ZLwix; +b) 4)

Bu gosterimde; y sinir hiicresinin ¢iktisini, f aktivasyon fonksiyonunu (Bu fonksiyon, sinir hiicresinin ¢iktisini belirli bir araliga
stkistirmak icin kullanilir. Ornek olarak sigmoid, ReLU, tanh gibi fonksiyonlar kullanilabilir.), x; girdi degerini ve w; girdinin
agirligin, b bias terimini (Bu terim, sinir hiicresinin girdilerine eklenen sabit bir degerdir.) temsil etmektedir.

3.3.3. Performans Olciim Metrikleri

Model performansini degerlendirmek i¢in kullanilan 6l¢iim metrikleri, modelin tahmin yetenegini degerlendirmek i¢in kullanilan
kistaslardir. Bu aragtirmada uygulanan algoritmalarin performans dlgiimleri i¢in R2, MSE, RMSE ve MAE metrikleri kullanilmigtir.
R-Kare Belirleme Katsayis1 (R2), regresyon modelinin bagimsiz degiskenlerle bagimli degisken arasindaki varyansin ne kadarini
acikladigini 6l¢en bir metriktir. Bagka bir deyisle, R2 bagimsiz degiskenin bagimli degiskendeki toplam degisikliklerin ylizdesini
aciklayabildigini gosterir. Degerleri O ile 1 arasinda degisir, 1’e yaklastikca modelin daha iyi performans sergiledigini gosterir.
MSE, hatalarin karesinin ortalamasini hesaplar ve modelin performansini degerlendiren bir diger 6nemli metriktir. MSE, modelin
gercek degerlerle tahmin ettigi degerler arasindaki ortalama karesel farki 6lgen bir metriktir. Diisiik MSE degerleri, modelin
daha iyi tahminler yaptigini gosterir. MSE, biiyiik hatalara daha fazla vurgu yapar ve bu nedenle aykirt degerlerin etkisini daha
fazla hisseder. RMSE, MSE’nin karekokiinii ifade eder. Regresyon modellerinin performansini degerlendirmek i¢in kullanilan bir
Olclim metrigi olan RMSE, modelin gercek degerlerle tahmin ettigi degerler arasindaki hata miktarini Slger. Bu metrik, modelin
tahminlerinin gercek degerlere olan yakinligini ifade eder ve hata miktarini bir sayisal degerle temsil eder. RMSE’nin hesaplanmasi,
modelin ne kadar basarili oldugunu anlamamiza yardimc: olur. RMSE sifira yaklagtik¢a hata orani azalir. Bu arastirmada kullanilan
performans dl¢iim metrikleri ve matematiksel gosterimleri Tablo 4’te sunulmaktadir.
Tiim bu metrikler, Istanbul’daki trafik kaza verilerine dayali regresyon modellerinin performansim objektif bir sekilde degerlendirmek

ve modelin tahmin yeteneklerini anlamak icin kullanilmistir. Elde edilen sonuglar, trafik kaza siirelerini tahmin etmek amacryla
gelistirilen regresyon modellerinin giivenilirligini degerlendirmede 6nemli bir rol oynamaktadir.
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Tablo 4. Performans 6l¢iim metrikleri ve matematiksel gosterimleri.

Performans Ol¢iim Matematiksel Agiklama Referans
Metrikleri Gosterim
n gozlem sayisi, (Barrett, 2000; Di Bucchianico, 2008)
R2 y; gercek degerler,
R-Kare Belirleme n (o _o5y2 Y; modelin tahmin
Katsayisi (R?) =1- M ettigi degerler
Y=y 2

y; gergek degerlerin

ortalamasi

Ortalama Kare Hata
(MSE)

BN o,
MSE == (i = 9)
i=1

n gozlem sayisi,
y; gergek degerler
9; modelin tahmin
ettigi degerler

(Hyndman ve Koehler, 2006; Makridakis
ve digerleri, 1982)

Kok Ortalama Kare Hata

RMSE

n gozlem sayisi,

(Hyndman ve Koehler, 2006; Nevitt ve
Hancock, 2000)

y; gergek degerler

(RMSE) ¥; modelin tahmin

ettigi degerler

n gozlem sayisi, (Hyndman ve Koehler, 2006; Sammut ve
Ortalama Mutlak Hata y; gergek degerler Webb, 2010)
(MAE) ¥; modelin tahmin

ettigi degerler

4. Bulgular

Bulgular béliimiinde, uygulanan regresyon temelli ML algoritmalarinin performans sonuglarina odaklanilmaktadir. ML algoritmalarinin
egitim ve test siireclerinde MATLAB R2023b kullanilmistir. MATLAB, veri analizi ve ML uygulamalarinda yaygin olarak tercih
edilen bir aractir ve bu aragtirma kapsaminda elde edilen sonuglarin degerlendirilmesinde temel bir rol oynamistir. Bu aragtirma
kapsaminda MATLAB R2023b igerisinde kullanilan ara¢ kutularina ait gorseller Sekil 9°da sunulmaktadir.

J MATLAB R2023b - academic use ENSEMBLES OF TREES -
VARIABLE
o , e &
L= L4 = [qJ Find Files & u u¢ s Boosted Bagged All Optimizable
New New  New Open (5] Compare |Import| Clean GREEoiERace Trees Trees Ensembles  Ensemble
Script  Live Script - - Data Data (7 Clear Workspace AL (TR T .
FILE VARIABLE -
HOME PLOTS APPS VARIABLE m ljl m m
— R R — Narrow Medium Wide Neura Bilayered
W Neural .. Neural ... Network Neural ..
Design Get More Install Package Data Cleaner Regression Classification m [:l F
App Apps App App Learner Learner {0}
FILE Trilayered All Neural  Optimizable
Neural .. Networks Neural ..
HOME PLOTS APPS VARIABLE
Design Get More Install Package Data Cleaner | Regression | Classification
App Apps App App Learner Learner
FiLE

Sekil 9. MATLAB R2023b icerisinde kullanilan araglar.

Bu bolimde sunulan performans sonuglari, trafik kaza siirelerini tahmin etme amaciyla gelistirilen modellerin etkinligi,
dogrulugu ve giivenilirligi hakkinda detayli bir perspektif saglamaktadir. Elde edilen bulgular, bu modellerin pratik uygula-
malarda ne kadar basaril1 olabilecegi konusunda 6nemli bir temel olusturacaktir. Bu arastirma kapsaminda kullanilan nihai veri
setine ait trafik kaza siirelerini gosteren grafik Sekil 10°da sunulmaktadir.

4.1. Egitim ve Test Veri Seti Dagilimlari

Bu boliimde, uygulanan ML algoritmalarinin egitim ve test siireclerinde kullanilan veri setlerinin sayilar1 ve oranlar incelenmisgtir.
Elde edilen sonuglar, basarimlarin degerlendirilmesi agisindan kritik 6neme sahiptir. Bu aragtirma kapsaminda kullanilan nihai
veri seti %80 oraninda egitim ve %20 oraninda test seti olmak iizere ayrilmistir. ML algoritmalari i¢in kullanilan egitim ve test
veri seti sayilari ile oranlar1 Tablo 5’te sunulmaktadir. Bu tabloda, her iki regresyon algoritmasinin 6grenme siirecinde ne kadar
veriye dayandig1 ve bu verilerin hangi oranda test edildigi gosterilmektedir.
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Sekil 10. Nihai veri setine gore gerceklesen kaza siirelerinin dagilimi.

Tablo 5. Egitim ve test veri seti 6rneklem sayilar1 ve oranlari.

Set Tiirii  Kaza Orneklem Sayis1  Oran

Egitim Seti 1.524 %80
Test Seti 381 %20
Toplam 1.905 %100

4.2. Model ve Performans Optimizasyonu

Regresyon modelleme siirecleri, kullanilan algoritmanin temel yapilandirma ayarlarindan baslayarak, modelin genel performansini
artirmaya yonelik gergeklestirilen optimizasyon adimlariyla devam etmistir. Bu asama, her bir regresyon algoritmasinin en iyi
performansi elde etmek iizere ayarlandig1 kritik bir asamadir. Regresyon temelli ML algoritmalar1 ve modellerinin performans
optimizasyonu i¢in K-Kathi Capraz Dogrulama Yoéntemi, PCA, FS ve Optimize Edici olmak {izere fakli analizler bulunmaktadir.

4.2.1. K-Kath Capraz Dogrulama Yontemi

Gelistirilen bir tahmin modelinin dogrulugunu artirmak i¢in ¢esitli tekniklerin uygulanabilmektedir. Bu tekniklerden biri olan
k-katl capraz dogrulama yontemi (k-fold cross validation), modelin performansinin giivenilir bir sekilde degerlendirilebilmesi i¢in
onemli bir aractir. Bu aragtirma kapsaminda 5-katlamali ¢capraz dogrulama yontemi kullanilmistir. 5-katlamali ¢capraz dogrulama,
veri setinin beg esit par¢aya ayrilmasini iceren bir tekniktir. Bu pargalardan biri test veri seti olarak kullanilirken, geriye kalan
dort parca egitim veri seti olarak kullanilir. Ardindan, model egitilir ve test edilir ve bu iglem bes kez tekrarlanir, her seferinde
farkli bir parga test veri seti olarak secilir. Her bir test islemi sonucunda elde edilen performans dlgiimleri ortalamas: alinarak
modelin genel performansi hesaplanir. Bu yontemin temel avantajlarindan biri, veri setinin tamaminin egitim ve test icin kul-
lanilmasini saglamasidir. Bu, modelin farkli veri kesitlerine kars1 ne kadar iyi performans gosterdigini daha giivenilir bir sekilde
degerlendirmemizi saglar. Ayrica, veri setinin her pargasinin hem egitim hem de test amacli kullanilmasi, modelin asir1 6grenme
riskini de azaltir.
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4.2.2. Temel Bilegenler Analizi

Regresyon modellemelerinde PCA, kullanilan degiskenlerin model iizerindeki etkisini anlamak adina onemli bir adimdir.
Gergeklestirilen tahmin modeli denemeleri neticesinde, PCA analizinin tahmin performansini yaklagik %5-10 oraninda olumlu
yonde etkiledigi gozlemlenmistir. Bu nedenle kullanilan her iki regresyon temelli ML algoritmalarinda PCA analizi gercek-
lestirilmistir. PCA sonuglarina odaklanarak, regresyon modellerinin hangi degiskenler iizerinde yogunlastig1 ve bu degiskenlerin
tahmin giiciliniin ne oldugu goriilebilmektedir. PCA, en az %95 oraninda varyansi agiklayacak diizeyde uygulanmistir. Aragtirma
kapsaminda kullanilan nihai veri seti igerisinde yeterli diizeyde niimerik tahmin edici bulunmaktadir. Dolayisiyla, PCA %95
varyans! aciklamak icin yeterli bileseni tutmaktadir. Veri setinde bulunan 28 kategorik 6ngoriiciiniin (predictors) tamami PCA
uygulanmadan modelde kullanilmigtir. Kategorik degiskenlere PCA uygulanmamaktadir.

4.2.3. Ozellik Secimi

Her bir regresyon modelleme yonteminde, kullanilan 6zelliklerin se¢imi {izerine 6zel bir vurgu yapilmustir. FS adimlari, modelin
karmasikligint azaltmak, asir1 6grenmeyi onlemek ve tahmin giiciinii artirmak amaciyla gerceklestirilmistir. Gergeklestirilen
tahmin modeli denemeleri neticesinde, FS analizlerinin tahmin performansini yaklasik %3-5 oraninda etkiledigi gdzlemlenmistir.
Regresyon temelli algoritmalarin tamaminda kullanilan FS analizi kapsaminda secilen degiskenler, gerceklestirilen testler ve
degiskenlerin skorlar1 Tablo 6’da sunulmaktadir. Arastirma kapsaminda uygulanan regresyon algoritmalar1 i¢in FS analizinde F
Test skorlart kullanilmigtir ve buna gore sifirdan biiyiik skora sahip olan 46 farkli degisken, modellerin egitiminde ve testinde
kullanilmak {izere belirlenmistir.

Tablo 6. Ozellik secimi analizi kapsaminda gerceklestirilen test skorlari.

F Test MRMR

Sira No. Degisken Adi Skor Sira No. Degisken Adi Skor
1 Otomobil 403,7899 1 Kazalcesi 1,2748
2 KazaOlusTuru 265,3639 2 Otomobil 0,5582
3 Kazalcesi 92,5606 3 KazaOlusTuru 0,1261
4 Kamyonet 57,4613 4 Kamyonet 0,0674
5 CarpismaYeri 19,4352 5 Minibus 0,0376
6 YolunSinifi 16,4970 6 ToplamOluSayisi 0,0346
7 Minibus 16,1896 7 Motosiklet 0,0332
8 Motosiklet 14,8040 8 AraziTasiti 0,0326
9 ToplamYaraliSayisi 10,9138 9 Cekici 0,0262
10 GeoGecit 9,4242 10 Kamyon 0,0256
11 HasarGorenUnsur 9,3984 11 CarpismaYeri 0,0254
12 OtoKorkuluk 6,2346 12 Tanker 0,0177
13 Kamyon 6,0162 13 MotorluBisiklet 0,0172
14 TrafikLambasi 5,8898 14 DigerArac 0,0147
15 TrafikIsaretLevhasi 5,2864 15 HasarGorenUnsur  0,0143
16 AraziTasiti 4,5309 16 GeoGecit 0,0135
17 GeoYatay 4,0954 17 YolunYuzeyi 0,0131
18 DigerArac 3,7197 18 ToplamYaraliSayisi 0,0129
19 YolGenisligi 3,4247 19 GeoYatay 0,0067
20 GeoKavsak 3,3995 20 IsMakinesi 0,0060
21 YolunYuzeyi 2,9971 21 GeoKavsak 0,0056
22 ToplamOluSayisi 2,4905 22 Otobus 0,0052
23 YoldaCalisma 2,2418 23 YolunSinifi 0,0041
24 TrafikGorevlisi 2,1882 24 Tramvay 0,0038
25 IsMakinesi 2,0989 25 Bisiket 0,0033

26 YayaYolu 2,0982 26 TrafikIsaretLevhasi 0,0032
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Tablo 6. Devami.

27 EmniyetSeritiBanket  1,6662 27 YolGenisligi 0,0031
28 Cekici 1,3070 28 OtoKorkuluk 0,0027
29 KazaYolKusuru 1,2793 29 TrafikLambasi 0,0023
30 GeoDiger 1,0779 30 HavaDurumu 0,0010
31 Tanker 1,0232 31 OzelAmacli 0,0008
32 HavaDurumu 0,6768 32 YayaYolu 0,0006
33 YolSeritCizgisi 0,5721 33 Ambulans 0,0005
34 MotorluBisiklet 0,5264 34 GeoDusey 0,0004
35 Tramvay 0,5220 35 TrafikGorevlisi 0,0001
36 ilkYardm 0,5070 36 YoldaCalisma 0,0000
37 OzelAmacli 0,4454 37 YolSeritCizgisi 0,0000
38 YolKaplamasi 0,4228 38 KazaYolKusuru 0,0000
39 GeoDusey 0,3902 39 Aydinlatma 0,0000
40 GunDurumu 0,2983 40 YolKaplamasi 0,0000
41 KazaYerlesimYeri 0,1763 41 ilkYardm 0,0000
42 Aydinlatma 0,0629 42 KazaYerlesimYeri  0,0000
43 YolunTipi 0,0207 43 YolunTipi 0,0000
44 Bisiklet 0,0200 44 GeoDiger 0,0000
45 Ambulans 0,0152 45 GunDurumu 0,0000
46 Otobus 0,0016 46 EmniyetSeritiBanket 0,0000
47 GoruseEngelCisim 0,0000 47 GoruseEngelCisim  0,0000
48 AtArabasi 0,0000 48 AtArabasi 0,0000
49 Traktor 0,0000 49 Traktor 0,0000
50 Tren 0,0000 50 Tren 0,0000
51 ElektrikliSkuter 0,0000 51 ElektrikliSkuter 0,0000

4.2.4. Hiperparametreler ve Optimize Edici

Hiperparametreler, modelin gelistiricisi tarafindan egitim 6ncesinde belirlenen parametrelerdir. Bu parametreler, modelin ilk yapi-
landirilmasini ve egitim siirecinin baglangicindaki ayarlarini ifade eder. Model parametrelerinden farkli olarak, hiperparametreler
egitim asamasinda dgrenilmez. Model parametreleri, egitim siireci ilerledik¢e veriye uyum saglayabilirken, hiperparametreler
sabit kalir ve modelin temel yapilandirmasin belirler. Regresyon temelli bazi algoritmalarda hiperparametreler kullanilabilmekte
ve farkli ayarlamalar yapilarak modellerin tahmin giicii artirilabilmektedir. Bu aragtirmada uygulanan modellere ait hiperparametre
ozellikleri ilgili model bagliginin altinda sunulmaktadir. Diger yandan, optimize secenekleri yalnizca optimize edilebilir mod-
eller icin gecerlidir. Bu arastirmada uygulanan her iki regresyon temelli ML algoritmalarinda da optimize edici (optimizer)
kullanilmamagtir.

4.3. Topluluk Agac1 Model Sonuclar:

ET modeli, egitim ve test asamalarindaki performans sonuglari ile trafik kaza siirelerini tahmin etme yetenegini yansitmaktadir.
Model, egitim siirecinde ortalama RMSE: 8.0549 birimlik bir hata pay1yla ve R-Kare: 0.85 degeriyle dogrulama veri setine uygunluk
saglamigtir. Test sonuglarina baktigimizda, modelin gercek verilere uyum saglamada devam ettigi goriilmektedir. Test veri setinde
elde edilen RMSE: 8.1325 birimlik degeri ve R-Kare: 0.84 degeri, modelin genel performansinin oldukca etkileyici oldugunu
gostermektedir. Diger yandan, ET modeli 6nceden ayarlanmis hiperparametrelerle Boosted Trees kullanilarak olusturulmustur.
Model, minimim 8 yaprak sayisi ile agaglar1 giiclendirmek ve genel performansi artirmak amaciyla 30 &greniciyi (learner)
icermektedir. ET modeline ait genel sonuclar ve detaylar Tablo 7°de gosterilmektedir.

Egitim siiresi 48.307 sn., tahminleme hizi 2800 gdzlem/sn. (saniye bagina gézlem sayis1 — observations per second - obs/sec)
olarak hesaplanmis ve egitim siireci, modelin dogrulama seti lizerindeki performansini optimize etmeye yonelik gerceklestirilmisgtir.
Model, egitim veri setini hizli bir sekilde 6grenmis ve sikca gilincellenmistir. Egitim sonuglarina gore diger performans metrikleri
MSE: 64.882 ve MAE: 4.4869 olarak gerceklesmistir. Modelin test sonuclari, gercek diinya verilerine uygulandiginda elde edilen
basariy1 temsil etmektedir. Test setindeki RMSE: 8.1325 birimlik degeri ve R-Kare:0.84 degeri, modelin tahmin yeteneginin
oldukga bagarili oldugunu gostermektedir. Test sonuglarina gore diger performans metrikleri MSE: 66.138 ve MAE: 4.4097 olarak
gerceklesmistir. Bu performans ¢iktilarr, ET modelinin trafik kaza siirelerini tahmin etme konusundaki basarisini yansitmaktadir.
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Tablo 7. ET model sonuglar.

Model 2.1: ET

Durum: Test edildi

Egitim Sonuclar Test Sonuglar Model Hiperparametreleri

RMSE (Egitim) : 8.0549 RMSE (Test) : 8.1325/0n Ayar :Boosted Trees

R-Kare (Egitim) :0.85 R-Kare (Test) : 0.84 |Minimum Yaprak Boyutu :8

MSE (Egitim) 1 64.882 MSE (Test) : 66.138|Ogrenici Sayist :30

MAE (Egitim) 1 4.4869 MAE (Test) : 4.4097|Ogrenme Oram :0.1

Tahminleme Hiz1 1 ~2800 Orneklenecek Tahminci :Timiind Seg
gbzlem/sn. Sayisi

Egitim Siiresi 1 48.307 sn.

Model Boyutu (Kompakt) : ~940 KB

Egitim ve test sonuglarina gore gercek degerler ile tahmin edilen degerler, hata orani ve artiklarin gosterildigi performans grafikleri
Sekil 11°de sunulmaktadir.
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Sekil 11. ET modeli egitim ve test performans sonuglariin gorsellestirilmesi.

Sekil 11°de sunulan ve devam eden bdliimde de ayni sekilde alt1 adet grafik olarak sunulacak olan sekillere ait aciklamalar
agsagidaki gibidir:

a. Gozlem ve tahmin degerleri dagilim (Egitim): Bu grafik, egitim veri seti igerisindeki gézlemlenen kaza siiresi degerleri
ile ilgili ML modelinin tahmin sonuglarindan elde edilen yanit (response) degerlerinin dagilimini géstermektedir.

b. Gozlem ve tahmin degerleri hata dagilimi (Egitim): Bu grafik, egitim veri seti icerisindeki gozlemlenen kaza siiresi
degerleri ile ilgili ML modelinin tahmin sonuglarindan elde edilen yanit (response) degerlerinin dagilimini ve bu degerler arasin-
daki hata diizeylerini gostermektedir.

c. Gozlem ve tahmin degerleri karsilastirmasi (Egitim): Bu grafik, egitim veri seti icerisindeki gozlemlenen kaza siiresi
degerlerinin tahmin edilen degerlerle miikemmel tahmin egrisine (kdsegen) gore karsilastirilmasini gostermektedir.
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d. Artik deger dagihim (Egitim): Bu grafik, egitim veri seti icerisindeki gézlemlenen kaza siiresi degerleri ile modelin tahmin
degerleri arasindaki kaza siiresi farkin1 gostermektedir.

e. Gozlem ve tahmin degerleri karsilastirmasi (Test): Bu grafik, test veri seti icerisindeki gozlemlenen kaza siiresi degerlerinin
tahmin edilen degerlerle miikemmel tahmin egrisine (kdsegen) gore karsilastirilmasini gostermektedir.

f. Artik deger dagilmm (Test): Bu grafik, test veri seti icerisindeki gozlemlenen kaza siiresi degerleri ile modelin tahmin
degerleri arasindaki kaza siiresi farkin1 gostermektedir.

4.4. Sinir Aglar1 Model Sonuclar:

NN modelinin egitim ve test asamalarindaki performans sonuglari, trafik kaza siirelerini tahmin etme yetenegini gostermektedir.
Model, egitim siirecinde ortalama RMSE: 9.778 birimlik bir hata pay1yla ve R-Kare: 0.78 degeriyle dogrulama veri setine uygunluk
saglamigtir. Test sonuglarina baktigimizda, modelin gercek verilere uyum saglamada devam ettigi goriilmektedir. Modelin test
sonuglari, gercek diinya verilerine uygulandiginda elde edilen basarty1 temsil etmektedir. Test veri setinde elde edilen RMSE:
7.9798 birimlik degeri ve yiiksek R-Kare: 0.85 degeri, modelin genel performansinin giiclii oldugunu gostermektedir. Diger
yandan, NN model mimarisi genig bir yapiya sahiptir. Tam baglantili tek bir katman iceren bu model, 100 birimlik ilk katman
boyutu ve ReLU aktivasyon fonksiyonu kullanmaktadir. Modelin iterasyon sinirlamas: 1000, diizenleme katsayis: (Lambda) ise O
olarak belirlenmistir. NN modeline ait genel sonuglar ve detaylar Tablo 4.4’te gosterilmektedir.

Tablo 8. NN model sonuclari.

Model 2.1: NN

Durum: Test edildi

Egitim Sonuclar1 Test Sonuglar: Model Hiperparametreleri

RMSE (Egitim) :9.778 RMSE (Test) 1 7.9798 |Standardizasyon : Evet

R-Kare (Egitim) 1 0.78 R-Kare (Test) 1 0.85 [k Katman Boyutu 1 100

MSE (Egitim) 1 95.61 MSE (Test) 1 63.677 |Aktivasyon : ReLU

MAE (Egitim) :6.3111 MAE (Test) 1 5.1563 |Yineleme Sinir1 : 1000

Tahminleme Hiz1 1 ~3200 gozlem/sn. Tam Bagli Katman Sayisi o1

Egitim Siiresi : 486.56 sn. On Ayar : Genis Sinir
Aglar

Model Boyutu (Kompakt) : ~165 KB Diizenlilestirme Kuvveti : Otomatik

(Lambda)

Egitim siiresi 486.56 sn., tahminleme hizi 3200 gozlem/sn. olarak hesaplanmis ve egitim siireci, modelin dogrulama seti
tizerindeki performansini optimize etmeye yonelik gergeklestirilmistir. Model, egitim veri setini hizl bir sekilde 6grenmis ve sik¢a
giincellenmistir. Egitim sonu¢larina gore diger performans metrikleri MSE: 95.61 ve MAE: 6.3111 olarak gerceklesmistir. Modelin
test sonuglari, gergek diinya verilerine uygulandiginda elde edilen basarty1 temsil etmektedir. Test setindeki RMSE: 7.9798 birimlik
degeri ve R-Kare: 0.85 degeri, modelin tahmin yeteneginin oldukga basarili oldugunu gostermektedir. Test sonuclarina gore diger
performans metrikleri MSE: 63.677 ve MAE: 5.1563 olarak gerceklesmistir. Bu performans ¢iktilari, NN modelinin trafik kaza
stirelerini tahmin etme konusundaki basarisin1 yansitmaktadir. Egitim ve test sonuglarina gore gercek degerler ile tahmin edilen
degerler, hata orani ve artiklarin gosterildigi performans grafikleri Sekil 12°de sunulmaktadir.

4.5. Model Performans Karsilagtirmasi

Bu boliimde, ET ve NN regresyon temelli ML algoritmalarinin performanslart karsilagtirilmigtir. Bu arastirmada uygulanan
algoritmalarin egitim sonuclarina gore daha bagarili algoritma R-Kare: 0.85 ile ET olurken, test sonuglarina gore daha bagarili
algoritma R-Kare: 0.91 ile NN olmustur. Karsilastirmalardan ¢ikan sonuglara gore, her bir modelin avantajlari ve dezavantajlari
bulunmaktadir. En iyi model se¢imi, belirli bir uygulamanin gereksinimlerine ve veri yapisina bagli olarak yapilmalidir.

ET modeli, yiiksek performans sergileyerek egitim setinde RMSE: 8.05 ve MSE: 64.88 ile diisiik hata oranlarina ulagmustir.
Egitim sonuglarina gére R-Kare: 0.85 degeri ile daha basarili tahmin modeli ET olmustur. Test setindeki RMSE: 8.13 ve MSE:
66.14 degerleri, modelin genelleme yetenegini gostermektedir. R-Kare degerleri, modelin veriyi ne kadar iyi agikladigin1 gosterir.
Egitim setindeki R-Kare: 0.85 ve test setindeki R-Kare: 0.84 degerleri, modelin dogru tahminler yaptigin1 gdstermektedir.

NN modeli, egitim setindeki RMSE: 10.23 ve MSE: 104.70 ile uygun bir performans sergilemistir. Test setindeki RMSE: 6.03
ve MSE: 36.40 degerleri, modelin gercek diinya verilerine nasil tepki verdigini gosterir. Test sonuc¢larina goére R-Kare: 0.91 degeri
ile daha bagarili tahmin modeli NN olmustur. R-Kare degerleri, modelin veriyi ne kadar iyi acikladigin1 gosterir. Egitim setindeki
R-Kare: 0.76 ve test setindeki R-Kare: 0.91 degerleri, modelin dogru tahminler yaptigini gostermektedir.

Bu degerlendirme sonuclarina gore, farkli performans metrikleri kullanilarak elde edilen sonuglarin karsilastirilmasi yapilmastir.
Egitim sonuclarina gore ET algoritmasinin daha diigsiik RMSE, MSE ve daha yiiksek R-Kare degerlerine sahip oldugu goriilmektedir,
bu da bu modelin daha iyi bir 6grenme ve tahmin yapma yetenegine sahip oldugunu gostermektedir. Test sonuglarina gore ise NN
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Sekil 12. NN modeli egitim ve test performans sonuglarinin gorsellestirilmesi.

algoritmasinin daha diisiik RMSE, MSE ve daha yiiksek R-Kare degerlerine sahip oldugu goriilmektedir, bu da bu modelin gercek
diinya verilerine gore daha yiiksek bir tahmin giiciine sahip oldugunu gostermektedir. Ancak, her bir modelin farkli uygulama ve
problem baglaminda ¢esitli avantajlar1 ve dezavantajlari olabilecegi unutulmamalidir. Regresyon temelli her iki ML algoritmasinin
da kargilagtirmali egitim ve test sonuglar1 Tablo 9°da sunulmaktadr.

Tablo 9. Tiim modellerin karsilastirmali egitim ve test sonuglari.

Model Model RMSE MSE R-Kare MAE MAE MSE RMSE R-Kare Egitim
Kategorisi Tipi (Egitim) (Egitim) (Egitim) (Egitim) (Test) (Test) (Test) (Test) Siiresi
(gozlem/sn.)
ET Giiglendirilmig Aga¢  8,0549 64,8820 0,8517 4,4869 4,4097 66,1380 8,1325 0,8418 2800
Torbalanmig Agac 8,4863 72,0170 0,8354 4,6533 4,3278 69,1320 8,3145 0,8347 2200
NN Dar Sinir Ag1 12,1520 147,6700 0,6625 6,5236 7,1062 87,0470 9,3299 0,7918 4000
Orta Sinir Ag1 11,1030 123,2700 0,7183 6,5034 5,7172 82,5370 9,0850 0,8026 4100
Genis Sinir Ag1 9,7780 95,6100 0,7815 6,3111 5,1563 63,6770 7,9798 0,8477 3200

Cift Katmanl Sinir Ag1 9,9638 99,2780 0,7731 4,7465 3,1859 36,4590 6,0381 0,9128 4600
Ug Katmanli Sinir Ag1 10,2320 104,7000 0,7607 4,9801  3,3531 36,4060 6,0337 0,9129 3200

Her iki ML modeline ait performans metriklerinin karsilastirildig1 bazi grafikler sonraki boliimde sunulmaktadir. Sekil 13, her
bir ML modelinin egitim siirecinde elde ettigi performans sonuglarini gostermektedir. Modeller arasinda karsilastirma yapabilmek
adma kullanilan metrikler arasinda RMSE ve MAE bulunmaktadir. Her bir modelin egitim performansindaki degigim ve basarilar,
grafik iizerinde belirli renkler ve sembollerle temsil edilmistir. Bu grafik, her bir modelin egitim siirecinde ne kadar basarili
oldugunu gostererek, model performanslarinin gorsel bir karsilagtirmasini saglamaktadir.

Sekil 14, her bir ML modelinin test siirecinde elde ettigi performans sonuglarini gostermektedir. Modeller arasinda karsilagtirma
yapabilmek adina kullanilan metrikler arasinda RMSE ve MAE bulunmaktadir. Her bir modelin egitim performansindaki degisim
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ve basarilar, grafik {izerinde belirli renkler ve sembollerle temsil edilmigtir. Bu grafik, her bir modelin egitim siirecinde ne kadar
basarili oldugunu gostererek, model performanslarinin gorsel bir karsilagtirmasini saglamaktadir.
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Sekil 14. ET ve NN modelleri igin test performans karsilagtirma.

Sekil 15, her bir ML modelinin egitim siiresini saniye basina gozlem say1s1 olarak gézlem/sn. birimi iizerinden gostermektedir.
Modellerin egitim siireleri, belirli bir metrik veya performans ol¢iisii {izerinden degerlendirilmis olup, her bir modelin egitim
stiresindeki degisim ve farkliliklarin gorsel bir karsilastirmasini saglar. Bu grafik, her bir modelin egitim siirelerini farkl: siitunlarla
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temsil ederek, modeller arasindaki zaman performansindaki varlig1 gorsel olarak vurgular. Modellerin egitim siiresindeki bu
dagilim, her bir algoritmanin hesaplama karmasiklig1 ve veri setine uyum saglama siireclerini anlamak adina 6nemli bir gosterge
sunmaktadir.
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Sekil 15. Tiim ML modelleri i¢in egitim siiresi dagilimi.

5. Tartisma ve Sonug

Bu aragtirmanin temel amaci Istanbul’daki trafik kaza verilerine dayali olarak trafik kaza siiresini ET ve NN yontemleri ile
tahmin etmek ve bu yontemlerin performanslarini karsilagtirmaktir. Arastirmanin ikincil amaci ise trafik kaza siiresini etkileyen
onemli faktorleri belirlemektir. Bu aragtirmada IBB ve EGM kaynaklarindan elde edilen Istanbul’a ait karayolu trafik kazasi
veri setleri kullanilmustir. Elde edilen nihai veri seti, 2013 yilindan 2021 yilina kadar olan siirecte Istanbul’da gergeklesen 1.905
trafik kaza kaydini icermektedir. Bu arastirmada, nihai veri seti veri madenciligi teknikleri ile incelenmistir. Ayiklanan veri setine
istatistik testleri ve ML algoritmalarindan olan ET ve NN teknikleri uygulanarak trafik kaza siiresi tahmini gerceklestirilmisgtir.
Bu aragtirmada uygulanan algoritmalarin performans olgiimleri icin R2, MSE, RMSE ve MAE metrikleri kullamlmistir. ET
algoritmasinin egitimde R-Kare: 0.85 ile basarili bir performans elde ettigi, testte ise R-Kare: 0.91 ile NN algoritmasinin daha iyi
performans gosterdigi sonucuna ulasilmisgtir.

Literatiir caligmalarinda kullanilan MAPE, RMSE, MSE, MAE ve R-Kare performans 6l¢lim metrikleri, tahmin dogrulugu-
nun analizinde en sik kullanilan metriklerdir. Bu arastirmada da R2, MSE, RMSE ve MAE metrikleri kullamlmigtir. MAE,
MSE ve RMSE degerleri diistiikce ve R-Kare degeri arttikca tahmin modeli daha dogru hale gelir, yani gercek degerler ile tah-
min edilen degerler arasinda iyi bir uyum saglanmis olur. Bu ¢aligmada elde edilen bulgular, 6nceki ¢alismalarin bulgular ile
kiyaslandiginda sonuclarin genel olarak basarili oldugu ve ilerleme kaydedildigi degerlendirilebilmektedir. ML modelleri kul-
lanilan 6nceki calismalarda elde edilen R-Kare degerleri en diisiik 0.17 (Bayes ve OLS regresyon) (Wali, Khattak ve Liu, 2022)
ile en yiiksek 0.94 (ANN) (Ying Lee ve Wei, 2010) olarak gerceklesmistir. Bu aralik esas alinirsa, bu arastirmada elde edilmig
olan en yiiksek R-Kare: 0.85 (ET/test seti) ve 0.91 (NN/test seti) degerlerinin literatiir ortalamasina gore olduk¢a basarili sonuglar
oldugu goriilebilmektedir.

Bir tahmin modelinin bagarili olup olmadigin1 anlamak i¢in tek bir metrik ile degerlendirilmesi dogru olmayacaktir. Bu noktada,
onceki caligmalarda elde edilen diger 6nemli bir metrik olan RMSE degerlerine bakildiginda, RF modelini kullanan bir ¢aligmada
gerceklesen ve ayni zamanda literatiirdeki en diisiik RMSE degeri 5.50 dakika (Lin ve Li, 2020) olarak ger¢eklesmistir. Dolayisiyla,
bu aragtirmada gergeklesen ve veri setindeki kayitlara ait kaza siiresinin uzun olmalar1 da dikkate alinarak RMSE: 8.31 (RF/test
seti) sonucunun kabul edilebilir bir bagar1 yakaladig1 degerlendirilmektedir. Bir bagska gecmis ¢alismada HBDM modeli kullanarak
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gerceklesen ve ayni zamanda literatiirdeki en yiiksek RMSE degerinin 205 dakika (Zhang, Liu, Li ve Khattak, 2021) oldugu da goz
ard1 edilmemelidir. RMSE degerlerindeki bu farkliligin ve genis arali§in temel sebebi kullanilan veri setindeki konumsal, gevresel
ve zamansal farkliliklardan kaynaklanmaktadir. Diger taraftan, NN kullanarak RMSE 6.05 degerini elde eden bir ¢alismaya (Lin
ve Li, 2020) gore bu arastirmada gerceklesen RMSE: 6.03 (NN/test seti) sonucunun literatiire paralel bir sekilde basarili oldugu
gozlemlenmigtir.

Diger bir performans 6l¢tim metrigi olan MAE a¢sindan karsilagtirma yapilirsa, MSP karar agact modelini kullanan bir ¢aligmanin
model sonucuna gore ger¢eklesen ve ayni zamanda literatiirdeki en yiiksek MAE degeri 34.01 dakika (Zhan ve digerleri, 2011)
olarak gerceklesmistir. Diger taraftan, onceki ¢aligmalarda Bayes Model Ortalamasi (BMA) modelini kullanan bir ¢calismanin
tahmin modeli sonucuna gore gergeklesen ve ayn1 zamanda literatiirdeki en diisiik MAE degeri 5.968 dakika (Zou ve digerleri,
2021) olmustur. Bu aralik esas alindiginda, bu arastirmada elde edilen tahmin modeli sonuglarina gore en diisilk MAE:3.18 dakika
(NN/test seti) degeri, kullanilan regresyon temelli ML modellerinin tahmin giiciiniin bagarisini bir kez daha ortaya koymaktadir.

Bu aragtirmanin ikincil hedefi, trafik kaza siiresini etkileyen 6nemli etki faktorlerin belirlenmesidir. Bu dogrultuda, uygulanan
F Testi ve PCA analizi sonucunda kaza siiresini etkileyen en onemli etki faktorleri ve aciklanan varyans oranlar1 soyledir:
Otomobil %51.5, KazaOlusTuru %27.0, Kazalcesi %8.7, Kamyonet %4.9, CarpismaYeri %2.1, YolunSinifi %1.6, Minibus 1.3,
Motosiklet %0.9, ToplamYaraliSayisi %0.6 ve GeoGecit %0.4. Bu sonuglara gore genel olarak etki faktorleri onceki ¢aligmalarda
belirlenen etki faktorleri ile benzerlik gostermektedir. Fakat, bu arastirmaya gore etki faktorleri arasinda bulunan GeoGecit, nceki
caligmalarda rastlanilmayan bir etki faktorii olarak one ¢ikmaktadir. GeoGecit kategorik degiskeni su siniflar1 icermektedir: 1-
Kontrollii Demiryolu, 2-Kontrolsiiz Demiryolu, 3-Okul Gegidi, 4-Yaya Gegidi ve 5-Gegit Yok. Buna gore, Istanbul’da gerceklesen
trafik kazalarinin g6z ardi edilemeyecek bir kisminin okul gecidi, yaya ge¢idi ya da ana arter yollar ve yan yollarin kesisiminde
bulunan tren ve tramvay hemzemin gecitlerinde yasandig1 sonucuna varilabilmektedir.

Bu aragtirma, belirli bir kapsam i¢inde yiiriitiilmiis olsa da baz1 simirliliklar ve kisitlamalar icermektedir. Bu sinirliliklarin
basinda veri kapsami gelmektedir. Bu calisma, 2013-2021 yillar arasindaki Istanbul’da gerceklesen trafik kazalarina odaklan-
maktadir. Bu nedenle, genel bir ¢erceveyi temsil etmekten ziyade, sinirh bir veri kiimesi kullamlmgtir. Tkinci sinirlilik algoritma
secimidir. Caligmada kullanilmas: tercih edilen yontem regresyon temelli ML olmusgtur. Bu yontemin veya algoritmalarin digindaki
diger potansiyel yontemlerin incelenmemesi sinirlilik olusturabilir. Son sinirlilik ise veri seti parametreleridir. Trafik kazalarinin
analizinde konumsal, zamansal ve ¢evresel olarak énemli faktorler bulunmaktadir. Ancak, bu arastirmada kullanilan veri setinin
simirlamalari nedeniyle tiim konumsal, zamansal ve cevresel faktorlerin ayrintili bir sekilde ele alinmasi miimkiin olmayabilir.

Bu aragtirmanin sonuclaria dayanarak gelecekte bazi potansiyel ¢alismalarin yiiriitiilebilecegi ongoriilmektedir. Daha genis
bir cografi alan ve uzun bir zaman dilimini kapsayan veri setleri kullanilarak trafik kaza siiresi tahmininde daha kapsamli bir
analiz yapilabilir. Arastirmada kullanilan regresyon temelli algoritmalarin yani sira, stniflandirma temelli ML algoritmalarinin
kullanilarak performanslarinin karsilastirildig: bir caligma gerceklestirilebilir. Trafik akisi, trafik yogunlugu gibi trafikle ilgili
faktorlerin modele dahil edilmesi ve detayli bir sekilde incelenmesi, trafik kaza siiresinin tahmininde daha yiiksek performans
saglayabilir. Diger yandan, farkli yapay zeka yontemleri ya da derin 6grenme gibi gelismis modelleme tekniklerinin kullanilmasi,
daha karmasik iligkileri ortaya ¢ikarabilir ve tahmin yeteneklerini artirabilir. Ayrica, modelleme siirecine dahil edilmesi zor
olan deneyimler, bilgi ve psikolojik nitelikler de dahil olmak {izere farkli siiriiciilerin cesitli 6zelliklerinin tahmin modeline
dahil edilmesi 6nem arz etmektedir. Bu nedenle, trafik kazasi siiresinin tahmininde rastgelelik, heterojenlik ve zamanla degisen
degiskenlerin kontrol edilmesi, gelecekteki potansiyel aragtirmalara yon verecektir. Ek olarak, insan faktorlerinin trafik kazalarinin
olasiligi ve sikligini artirdigini vurgulamak da 6nemlidir. Tiim bu potansiyel caligmalar kapsamindaki 6ngoriiler, bu aragtirmanin
sinirliliklarini agmayi ve trafik kaza siiresinin analizi ve tahmini alanindaki bilgiyi daha da genisletmeyi amaglamaktadir.
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ABSTRACT

Inrecent years, increasing CO; emissions and resource utilization has adversely affected the environment. Sustainability efforts have
been initiated to decrease these effects, including environmentally friendly electric vehicles in vehicle fleets used for transportation.
The electric vehicle routing problem (EVRP) has emerged in the literature, and numerous studies have been conducted, considering
specific constraints related to electric vehicles. Due to various charging feature constraints, EVRP diverges from the classical
vehicle routing problem (VRP) and becomes more complex. In addition to the load capacity constraints of classical VRP, electric
vehicles must deliver products to customers via an optimal vehicle route while considering battery capacity limitations. This
study addresses the integrated single-machine scheduling and electric vehicle routing problem. After scheduling and processing
customer product requests on a single machine, electric vehicle routes must be created to deliver these products to customers. To
meet customer expectations, the objective function of the problem aims to minimize the costs associated with customer product
delivery delays. Two mathematical models, i.e., mixed-integer linear programming (MILP) and constraint programming (CP)
models, are presented to solve this problem. The results and performances of these models are compared on a set of instances.
Numerical results indicate that the CP model has superior performance than the MILP model for the problem.

Keywords: Electric vehicle routing, single machine scheduling, mixed-integer linear programming, constraint programming,
integrated scheduling and routing

1. Introduction

In recent years, increasing resource consumption, CO2, and greenhouse gas emissions have led to serious problems such
as environmental pollution and global warming. Efforts to reduce and prevent these environmental damages aim to promote
sustainability practices and reduce carbon footprints. Due to the harm caused by traditional vehicles that consume fossil fuel,
sustainability initiatives are being implemented to change the vehicle fleets used in the transportation sector. In place of traditional
vehicles causing air pollution, and high fossil fuel consumption, environmentally friendly electric vehicles with very low emissions
have started to be included in vehicle fleets. Due to their low energy consumption, the trend towards electric vehicles is expected
to increase even further in the near future.

Electric vehicles have some structural and technical characteristics that differentiate them from traditional vehicles; thus, their
routing decisions also vary. The electric vehicle routing problem (EVRP) has battery capacity constraints besides the load capacity
constraints observed in the classical vehicle routing problem (VRP). Thus, electric vehicles have to frequent battery charging
locations along their route for battery charging, making electric vehicle routing decisions more challenging and complex than the
classical vehicle routing decisions.

In the considered problem in this study, products requested by customers are scheduled on a single machine in the desired
quantity. After processing the customer requests on a single machine, it is necessary to distribute them to customers using
electric vehicles. Thus, in this study, the integrated single-machine scheduling and electric vehicle routing problem (SM-EVRP)
is addressed. The objective function of the studied problem aims to minimize the costs associated with delays in customer product
delivery to meet customer expectations. To address this integrated problem, a Mixed-Integer Linear Programming (MILP) model
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and a Constraint Programming (CP) model have been developed. The developed mathematical models are tested on various-sized
instances and their solutions are compared to assess the performance of the mathematical models.

In the literature, single-machine scheduling problems have been extensively addressed for many years, enriched with various
constraints and objective functions. Koulamas (2010) presented a literature review for the single-machine scheduling problem
(SMSP) with total tardiness criterion. When the studies on the SMSP with tardiness objective are examined; it is seen that various
exact and heuristic solution methods have been presented for addressing this problem. Tanaka and Araki (2013) studied the SMSP
with sequence-dependent setup times (SDST) that minimized total weighted tardiness for jobs, which was solved using a dynamic
programming—based algorithm. Similarly, Luo and Chu (2006) studied the SMSP with SDST to minimize total tardiness and
proposed the branch-bound algorithm to solve the problem. Ozcelik et al. (2022) studied the SMSP with stochastic SDST, where
the objective of the problem is to minimize the total expected setup, earliness, and tardiness costs. Liao and Juan (2007) studied
the SMSP with SDST. The problem aims to minimize total weighted delay, and an ant colony algorithm was proposed for the
problem.

The demand for electric vehicles has steadily increased given the increasing importance of sustainability efforts in today’s world.
In this line, the EVRP has emerged in the literature. Numerous studies have been conducted on the routing of electric vehicles
with various charging characteristics. In the study conducted by Kucukoglu et al. (2021), a detailed literature review is presented
for EVRP. As seen from the literature review of Kucukoglu et al. (2021), the EVRP with a single depot has been extensively
examined in the literature regarding various constraints. For instance, Keskin and Catay (2016) studied the EVRP with time
windows and a single depot to minimize the total distance. The authors proposed an adaptive large neighborhood search algorithm
for solving the problem. Kiigiikoglu and Oztiirk (2016) studied the EVRP with a heterogeneous fleet located at a single depot and
proposed a mixed-integer mathematical model to minimize the route lengths of electric vehicles. Bruglieri et al. (2015) studied
the EVRP with time windows and a single depot and proposed a mixed-integer mathematical model and variable neighborhood
search branching to solve the problem. Schneider et al. (2014) studied the EVRP with time windows and a single depot. They
proposed a mixed-integer programming model and a hybrid heuristic algorithm using a tabu search and a variable neighborhood
search. Felipe et al. (2014) also studied the EVRP with multiple charging technologies and partial recharges. The authors proposed
a simulated annealing framework and local search techniques for solving the problem.

Studies integrating machine scheduling problems and VRP have become widespread in the literature, especially in recent years.
In the studies by Berghman et al. (2023) and Moons et al. (2017), a literature review has been conducted on integrated scheduling
and VRP. As seen from these literature reviews, there are studies on integrated single-machine scheduling and VRP without
considering electric vehicles. He et al. (2022) studied integrated SMSP and VRP and presented a mixed integer programming
model. The objective of the problem is to minimize the weighted sum of delivery times of customers as well as distribution costs.
The authors proposed an enhanced branch-and-price algorithm for solving the problem. Long et al. (2022) studied integrated
SMSP and VRP. A multi-objective optimization model has been considered to minimize the total holding, distribution, and
tardiness costs. The authors proposed a level-based multi-objective particle swarm algorithm to solve the problem. Wang et al.
(2019) addressed the integrated SMSP and VRP with heterogeneous vehicles to minimize the total cost and carbon emissions and
proposed a tabu search algorithm to address the problem. Jamili et al. (2016) studied the integrated SMSP and VRP and presented
an integer linear programming model. The objective of the problem is to minimize the average delivery time and total distribution
cost. The authors proposed a tabu search metaheuristic and local search algorithm to solve the problem. Li et al. (2016) presented
an integer programming model for the integrated SMSP and VRP. The problem aims to minimize delivery costs and waiting time
of customers. They proposed a non-dominated genetic algorithm with elite strategy for solving the problem. Low et al. (2014)
also studied the integrated SMSP and VRP and presented an adaptive genetic algorithm. However, to the best of the authors’
knowledge, no study integrates single-machine scheduling with EVRP in the literature.

The VRP has been studied for years in the literature. Various variants have led to the development of not only MILP models
but also CP models. Oztop, Kizilay, and Cil (2021) studied periodic VRP with time window constraints and proposed MILP and
CP models to solve the problem, aiming to minimize the total travel time. Yiiksel et al. (2021) studied the milk delivery problem.
MILP and CP models were developed to solve the problem to minimize the total cost arising from fuel consumption and delays. Ha
et al. (2020) studied the VRP with synchronization constraints. A CP model and an adaptive large neighborhood search algorithm
were presented. Hojabri et al. (2018) studied a VRP with time windows. A CP model and a large neighborhood search algorithm
were proposed as the solution method. Also, Oztop (2022) proposed a CP model for the open VRP. However, the number of
studies developing CP models for the EVRP is quite limited. Booth & Beck (2019) addressed the EVRP with time windows and
developed MILP and CP models for addressing the homogeneous fleet problem. Lam et al. (2022) studied the EVRP with time
window constraints to minimize the total cost, for which a CP model and branch-cut-price algorithm were proposed.

Due to increasing costs in today’s conditions, solving production planning and product distribution problems effectively has
become increasingly important to reduce the associated total costs. In the literature, these problems were solved in an integrated
manner for various industrial applications. For instance, the integrated production scheduling and distribution problem has been
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addressed for perishable products in the studies of Farahani et al. (2012), Chen et al. (2019), and Devapriya et al. (2016). Since
perishable products are time-sensitive, integrated scheduling is important in these production systems (Ulrich 2013; Moons et al.
2017). Integrated production scheduling and distribution have also been applied to other industries such as furniture manufacturing
(Mohammadi et al. 2020), metalworking (Wang et al. 2019), and metal packing (Fu et al. 2017) industries. Similarly, in the literature,
some studies involve industrial applications for the EVRP. For instance, Zhao et al. (2020) studied the EVRP in cold chain logistics
for the distribution of fresh products. Zhao and Lu (2019) addressed a real-world EVRP for a logistics company. By integrating
electric vehicles in fleets, industries can considerably reduce distribution costs and carbon footprint. Owing to the environmental
benefits of electric vehicles, it is expected that the usage of electric vehicles in the industry will increase in the future. As a result,
regarding the industrial applications of integrated production and distribution scheduling problems and EVRP, it can be said that
the integrated SM-EVRP discussed in this study can be applied in various industrial sectors.

As mentioned above no study integrates single-machine scheduling and EVRP in the literature. Thus, this study considers the
integrated single-machine scheduling and EVRP for the first time in the literature. Moreover, novel mathematical models, i.e., the
MILP and CP models, are proposed to address this complex problem. The problem being studied distinguishes itself from other
works in the literature with these characteristics. Therefore, this study contributes to both the literature on integrated production
and distribution problems and the literature on EVRP. In terms of managerial insights, the proposed models can provide effective
solutions for the integrated SM-EVRP of companies and help managers to accelerate their sustainability efforts in product delivery
while ensuring customer satisfaction. As the integrated problem is being studied for the first time, this study is expected to serve
as an important resource for future researchers. The contributions of this study can be listed as follows:

The integrated SM-EVRP has been addressed to minimize customer product delivery tardiness costs.
A MILP model is developed for the integrated SM-EVRP.

A CP model is proposed for the integrated SM-EVRP.

The performance of the mathematical models is tested on a set of various-sized instances.

The subsequent sections of this paper have been planned as follows: In the second section, a detailed problem definition of
the addressed problem is provided, clarifying the related assumptions of the problem. In the third section, the formulations for
the developed MILP and CP models are presented. In the fourth section, the numerical results of the mathematical models are
presented for comparing their performances. The study is summarized and concluded in the fifth section.

2. Problem Definition

In the SM-EVRP, products requested by customers (jobs) are produced on a single machine. After the completion of the
processing of jobs on the machine, these products are distributed to customers using electric vehicles. The SM-EVRP aims to
obtain the job processing order and a route plan for electric vehicles that minimize the costs associated with delays in customer
product delivery. The detailed assumptions for the SM-EVRP are as follows:

There is a single machine in the production system.

The processing times of jobs are independent of the job processing order and are known at the beginning.

All jobs are ready at the beginning.

At a time, the machine can produce only one job.

The job processing times cannot be divided.

The setup times of jobs are independent of the job processing order and are involved in the processing time.

Each electric vehicle’s route must start and end at the depot.

Each customer must be visited by precisely one electric vehicle.

Electric vehicles can visit a battery charging station between any two nodes on their route to recharge their batteries.
Electric vehicles have a certain load capacity and a certain battery limit.

Each battery charging station can be visited by multiple electric vehicles.

The battery level of each electric vehicle is fully charged at a charging station visit.

Each electric vehicle can start its route once all the jobs assigned to that vehicle are completed on the single machine.
Each customer has a certain due date for receiving a product and a certain tardiness penalty cost.
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The sets and parameters used in the developed mathematical models are given in Table 1.

Table 1. Sets and parameters

Sets and Parameters

0, N + 1: Depot nodes (0: starting depot, N + 1: ending depot)
F: Charging station set {1, 2, ..., S}

F': Dummy charging station set

V: Customer set, {1, 2, ..., N}

Vo: Customer and depot (0) set

Vn +1: Customer and depot (N + 1) set

V': Customer and charging station set

V'o: Customer, charging station, and depot (0) set

V'n+1: Customer, charging station, and depot (N + 1) set
V'o,n+1: Customer, charging station, depot (0), and depot (N + 1) set
K: Vehicle set

N: Number of customers

Q,.: Battery limit of electric vehicle £

h,,: Battery charge consumption rate for electric vehicle &
Cy.: Load capacity of electric vehicle &

d;;: Travel distance from point i to point

q;: Product demand quantity of customer i

s;: Service time for customer i

ly: A sufficiently large number

l;: Latest time to arrive at the customer i

9gi.: Unit charging time for electric vehicle £

tc;: Penalty cost incurred for arriving late to customer 7
process;: Processing time for job i

3. Mathematical Models

3.1. Mixed-Integer Linear Programming Model

In the development of the MILP model for SM-EVRP, it is benefited from the MILP models for EVRP presented in the studies
of Kucukoglu et al. (2021) and Schneider et al. (2014). The decision variables for the developed MILP model are explained below.

Decision Variables
x;,j.x: 1if electric vehicle k visits from node i to node j; 0 otherwise, Vi, j eV(;
zir : 1if job i is processed at position r on the machine; 0 otherwise, Vi, reV
vi.k: Battery level of vehicle k in node i, Vi eV(; VkeK
pi: Delivery time of products to customer i
Comp;: Completion time for job i on the machine
Stry: Departure time of electric vehicle k from the depot
T;: Delivery delay quantity for customer i

vap i # /. VkeK

,N+1°

The developed MILP model’s constraints and objective function are given below.

Objective Function:

MinZ =Z;cvtci XTj. 1)

Constraints:
ZjEV,N.H ZkEI{xi,j,k = 1,vl evV. (2)
ZievinaZkekXijk < 1,Vi € F. (3)
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ZjEV’NH'xO,j,k = I,Vk eK

’
Zigv’oxi’j’k = ZieV’Nij,i,k’V] eV ,Vk ekK.

Vik £ Yik— (hexdi ;) Xxijx+0r X (1—x; %), VieV,Vje V]/\/'+19

Vik < Qk — (hx x di ;) X xi j.x,Vi € F U{0},VjeVy,,,Vk € K.

+1°

Yox < Ok, Vk € K.

ZiEVZjEV;V”qi Xxijk < Cr Vk € K.

pi+ (di,j +5;) X in,j,k < pj+l()>< (1 - in’j,k),Vi eV,Vje Vl/\/+l:j¢N+].

keK keK

pi+(dij X xijx) + 8k X (Qk = yix) S pj+lo+gk X Qr) X (1 —x;,5,x),Vi € F.Vje V1lv+1,Vk €eK.

Ziey

Xi,N+1,k = l,Vk e K.
0,N+1

pj—1li <T;,VjeV.

D ar=1VieV.
Zzi,r =1,VreV.

ieV

Comp; > process;,Vi € V.

Compj+1lyx(1=2z;-1)) +lox (1 =2zj,) > Comp; + process;,Vi,j,r eV:r>1.

Stri > Compj—lox (1-2,.  xi;k),VkeK,VjeV.
0,N+1

pj = Stri+doj—lox (1 —x0;x)Vk € K,Vj € Vy,,.

Vk € K.

“

&)

(6)

N

®)

&)

(10)

(11

(12)

(13)

(14)

15)

(16)

a7

(18)

(19)

The objective function (1) aims to minimize customer product delivery tardiness costs. Constraint (2) guarantees that each
customer is served precisely once by an electric vehicle. Constraint (3) guarantees that each dummy charging station is visited by
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an electric vehicle at most once. Constraint (4) guarantees that each electric vehicle starts its route from the depot. Constraint (5)
ensures the flow balance of routes for each node and electric vehicle. Constraint (6) calculates the battery amount of each vehicle
after visiting each customer on the route. Constraint (7) calculates the battery amount of each vehicle after visiting each charging
station on the route. Constraint (8) ensures that the battery amount of each electric vehicle leaving the depot is at most equal to
the vehicle’s battery capacity. Constraint (9) ensures that the total load of the customers visited by each electric vehicle along its
route is at most equal to the vehicle’s load capacity. Constraint (10) computes the start time for delivery at each customer along the
route. Constraint (11) calculates the start time for delivery at the first customer on the route after an electric vehicle departs from
the battery charging station, regarding the charging time to replenish its battery and the travel time between nodes. Constraint (12)
ensures that each electric vehicle completes its route at the depot. Constraint (13) calculates the product delivery delay amount for
each customer based on their due dates. Constraint (14) guarantees that each job is allocated to just one position of the machine.
Constraint (15) guarantees that only one job is allocated to each position of the machine. Constraint (16) ensures that the finishing
time of each job on the machine is at least equal to the processing time of the job. Constraint (17) calculates the finishing time of
each job on the machine based on its processing time and the order in which it is assigned. Constraint (18) calculates the departure
time of each electric vehicle from the depot based on the maximum completion time of jobs allocated to that vehicle. Constraint
(19) computes the start time for delivery at the first customer on the route for each electric vehicle after it leaves the depot.

3.2. Constraint Programming Model

The decision variables for the developed CP model are explained below.

Decision Variables
cust;: Interval variable for visiting node i € V with size s;
vi.k: Optional interval variable for serving node i € V(; ~+1 DY vehicle k € K

seq:Sequence variable for vehicle k € K over {y; «|i € Vo Nil)

level; : Battery level of the vehicle k € K atnode i € V(;y N41» Detween 0 and Qg
T;: Tardiness amount for the customeri € V

z;: Interval variable for job i € V with size process;

mseq: Sequence variable for machine over {z;|i € V}

Stry: Departure time from the depot for the vehicle k € K

The developed CP model’s constraints and objective function are given below.

Objective Function:

MinZ = Yjeytc; X T;. (20)
Constraints:
alternative(cust;,all(k € K), y; 1), Yi € V. 2D
YrexpresenceO f(yix) <1,Vie F. (22)
Yievqi X presenceO f(yi k) < Ci,Vk € K. (23)
first(seqk,yo.x),Vk € K. (24)
last(seqk, YN+1.k), Yk € K. (25)
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presenceO f(yox) = 1,Vk € K. (26)

presenceO f(yn+1.k) = 1,Vk € K. 27
noOverlap(seqy,d;j,1),Vk € K. (28)

levelypx = Ok, Vk € K. 29)

leveliypeo fNext (seqr.yinivi)k < leveli k. — (hk X di typeo fNext (seqr.yix.i.i))» Vi € V,Vk € K. (30
leveliypeo fNext(seauyiniink < Qk = (hi X digypeo fNext(seqrvinin)s Vi € F U{0},Vk € K. (31
endO f(yix) = startO f(yix) + 8k X (O — level; x),Vi € F VkeK. (32)
startOf(yjx) —1; <T;,VjeV,Vk e K. (33)

presenceOf(z;) =1,VjeV. (34)

noOverlap(mseq). (3%

Stri > endO f(z;) — lo X (1 — presenceO f(yi x)),VieV,Vk € K (36)

startO f(yox) = Stri,Vk € K. (37

The CP and MILP models have identical objectives (20), aiming to minimize the cost of customer product delivery delays. It
calculates the delay amount for each customer and determines the value of the function by multiplying each customer’s delay with
the corresponding penalty cost. Constraint (21) ensures that each customer is visited precisely once by a vehicle. Constraint (22)
ensures that each dummy charging station is visited by a vehicle at most once. Constraint (23) ensures that the total load of the
customers visited along the route of each vehicle does not surpass the vehicle capacity. Constraint (24) ensures that each electric
vehicle starts its route from the depot using the first command. Constraint (25) ensures that each electric vehicle concludes its
route at the depot using the last command. Constraints (26) and (27) ensure the presence of the starting and ending depots for each
vehicle using the presenceOf command. Constraint (28) ensures that there are no overlapping visits along the route of each electric
vehicle using the noOverlap command. Constraint (29) guarantees that each electric vehicle starts from the depot with a fully
charged battery. Constraint (30) calculates the battery amount of each vehicle after visiting each customer on the route using the
typeOfNext command by considering the charge loss rate based on the distance traveled. Similarly, Constraint (31) computes the
battery amount of each vehicle after visiting each charging station. Constraint (32) calculates the departure time for each electric
vehicle from each charging station using the endOf command by considering the time spent at the charging station. Constraint
(33) computes the product delivery delay amount for each customer. Constraint (34) provides that each job is allocated to just
one position of the machine. Constraint (35) guarantees that the order of assigned jobs to the machine does not overlap using the
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noOverlap command. Constraints (36) and (37) calculate the time for each electric vehicle to start its route from the depot with
the startOf command based on the maximum ending time of jobs assigned to that vehicle.

4. Computational Results

The MILP and CP models were solved using IBM ILOG CPLEX 12.10. Various-sized instances were created to evaluate the
performance of the models. While generating these instances, the location and service time information for customers and battery
charging stations were obtained from the instances in the study of Goeke (2019). The traveling distance between two locations
equals the resultant Euclidean distance rounded to an integer. As mentioned in Section 2, electric vehicles can visit any battery
charging station on their route to recharge their batteries. To ensure that sufficient number of charging stations are available for
each customer, dummy charging stations were defined as many as the number of customers for each charging station. Thus, N
X S dummy charging stations were defined in total. The generated instances included 42 different scenarios with the number of
customers varying from 6 to 16; number of charging stations varying from 2 to 5; random customer product demands in the range
of [10, 80]; random job processing times in the range of [10, 60]; and random customer product delivery tardiness costs in the
range of [0.1, 0.5]. Due dates of the customers were generated based on various due-date tightness factors. Namely, due date values
taken from the study of Goeke (2019) were divided by a due-date tightness factor varying between 2—4. All electric vehicles were
assumed to have identical structural features. Each vehicle has a battery charge consumption rate of 1 unit, a load capacity of
200 units, a battery limit of 78 units, and a unit charging time of 3. The generated instances are available in Dataset (2024). The
solutions of the developed mathematical models were obtained within a time limit of 1800 seconds; results are given in Table 2.

Table 2. Computational results

MILP CpP
Instance le:x::;:e?sf Ch:il;?:g)e; taotifons N;l/':lgi:e?f Objective Function CPU (s) Objective Function CPU L?):str
Value Value (s)
Bound
c101C6-1-1 6 3 4 2.59 1800 0 1.45 0
c101C6-1-2 6 3 4 0 31.86 0 79.84 0
c101C6-2-1 6 3 4 21.21 1800 11.64 1800 0
c101C6-2-2 6 3 4 41.57 1800 30.39 1800 0
c101C6-3-1 6 3 4 50.06 1800 47.44 1800 0
c101C6-3-2 6 3 4 99.18 1800 99.18 1800 0
c103C6-1-1 6 2 4 0 0.94 0 0.67 0
c103Ce6-1-2 6 2 4 0 3.44 0 0.69 0
¢103C6-2-1 6 2 4 0.44 19.94 0.44 0.77 044
c103C6-2-2 6 2 4 7.6 28.03 7.6 0.79 7.6
¢103C6-3-1 6 2 4 7.03 11.97 7.03 1.81  7.03
c103C6-3-2 6 2 4 1.7 13.7 1.7 0.85 1.7
¢206C6-1-1 6 4 4 0 1.55 0 1.19 0
¢206C6-1-2 6 4 4 0 1.55 0 0.24 0
€206C6-2-1 6 4 4 0 1.74 0 0.74 0
¢206C6-2-2 6 4 4 0 1.55 0 0.86 0
¢206C6-3-1 6 4 4 0 13.53 0 0.92 0
¢206C6-3-2 6 4 4 0 12.03 0 1.18 0
c208C6-1-1 6 3 4 0 1.09 0 635 0
c208C6-1-2 6 3 4 0 0.64 0 52.5 0
c208C6-2-1 6 3 4 0 1.28 0 242 0
c208C6-2-2 6 3 4 0 4.06 0 58486 0
¢208C6-3-1 6 3 4 0 6.27 0 737 0
¢208C6-3-2 6 3 4 0 1.72 0 807.73 0
c104C10-1-1 10 4 6 75.48 1800 0 4.66 0
c104C10-1-2 10 4 6 89.02 1800 0 4.79 0
c104C10-2-1 10 4 6 460.43 1800 0 17.2 0
c104C10-2-2 10 4 6 20.02 1800 4.8 1800 0
¢104C10-3-1 10 4 6 411.1 1800 85.63 1800 0
c104C10-3-2 10 4 6 554.17 1800 71.34 1800 0
cl01C12-1-1 12 5 7 * 1800 77.55 1800 0
cl01C12-1-2 12 5 7 * 1800 0 81.12 0
cl101C12-2-1 12 5 7 1507.08 1800 156.9 1800 0
c101C12-2-2 12 5 7 12113 1800 106.92 1800 0
c101C12-3-1 12 5 7 * 1800 379.91 1800 0
cl01C12-3-2 12 5 7 * 1800 4204 1800 0
c103C16-1-1 16 5 9 * 1800 14.05 1800 0
c103C16-1-2 16 5 9 * 1800 3.92 1800 0
c103C16-2-1 16 5 9 * 1800 109.79 1800 0
c103C16-2-2 16 5 9 232591 1800 393.11 1800 0
¢103C16-3-1 16 5 9 * 1800 651.86 1800 1.12
c103C16-3-2 16 5 9 * 1800 593.03 1800 1.6
Average 989.45 849.02

In Table 2, the instances in the “Instance” column are labeled according to the original instance and due-date tightness factor.
Two instances are generated for each combination of the due-date tightness factor by randomly generating various parameters
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for the original instance. For example, c101C6-1 has a more flexible due-date tightness factor, whereas c101C6-2 has a tighter
due-date tightness factor. Similarly, c101C6-3 has a tighter due-date tightness factor than c101C6-2. The objective function values
and CPU times (in seconds) are reported for each model. A CPU value of 1800 s indicates that the problem could not be optimally
solved within the given time limit. The symbol “*” indicates that the MILP model could not find a feasible solution for that instance
within the 1800-s limit. The CPU row shows the average solution times for the developed MILP and CP models. The values in the
last column of Table 2 represent the best lower bounds for the instances obtained by the models after reaching the time limit.

The analysis of results shown in Table 2 indicate that the MILP model achieved optimal solutions within the 1800-s limit for
19 out of 42 instances. In contrast, the CP model found optimal solutions for 24 out of 42 instances. Both models yielded the
same objective function value for 20 instances. The developed CP model found better solutions for 22 instances compared to the
MILP model, which confirmed the difference in their performances. When analyzing the average solution times for the developed
mathematical models, the MILP model had an average solution time of 989.45 s, whereas the CP model had an average solution
time of 849.02 s. When the results were examined, it was observed that the MILP model struggled to find feasible solutions for
larger instances with 12 and 16 customers within the 1800-s limit. The solution quality of the MILP model decreased considerably
with increasing number of customers and charging stations. However, the CP model is still able to find feasible solutions for such
larger instances. This indicates that the CP formulation performs better than the MILP formulation in achieving better solutions
in less computational time for the integrated SM-EVRP. The CP model has superior performance than the MILP model in this
regard.

The effect of the number of charging stations on the solution times of the MILP and CP models was also analyzed. In this analysis,
four instances with six customers were run by the MILP and CP models by considering four different numbers of charging stations.
The average solution time values were calculated for each number of charging stations over four instances. Average solution times
of each model for different numbers of charging stations are provided in Figure 1. As shown in the figure, the solution time of the
MILP model increases as the number of charging stations increases, whereas that of the CP model does not change considerably.
In addition, the solution time of the CP model is less than that of MILP model for these instances, similar to the results listed in
Table 2. Thus, the CP model has stable solution times for different numbers of charging stations and outperforms the MILP model.

Figure 1. Solution time of the models for different number of charging stations
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In terms of limitations of the models, it has been observed that the obtained lower bound values are low, usually 0, for both
models when optimal results cannot be achieved within the time limit. Both models have difficulty in finding good quality lower
bounds, particularly for large-sized problems. Hence, in future studies, developing a good-quality lower bound for the problem
would be a promising research direction to improve the performance of the models.
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5. Conclusion

In this study, the integrated SM-EVRP has been addressed. Electric vehicles, which are increasingly becoming part of vehicle
fleets in supply chains due to sustainability initiatives, have different routing decisions than conventional vehicles. The various
battery constraints and charging station visits associated with electric vehicles make the EVRP more challenging and complex. The
consideration of the integrated SM-EVRP in this study is highly significant for enhancing the efficiency of production and logistics
activities simultaneously. The inclusion of electric vehicles in vehicle fleets, with their significantly low energy consumption and
nearly zero emissions, presents an opportunity for companies to improve their energy efficiency and minimize the environmental
impact of traditional vehicles. By simultaneously considering machine scheduling and product distribution processes in supply
chain systems, the overall process efficiency can be improved. In terms of contributions of this study, it is noteworthy that the
SM-EVRP has been addressed herein for the first time, and the MILP and CP models have been proposed for the problem. The
objective of the developed mathematical models is the minimization of customer product delivery delay costs, aiming to enhance
customer satisfaction. A comparison of the mathematical models on a set of instances revealed that the CP model demonstrated
superior performance than the MILP model. For the generated instances, the CP model obtained a greater number of optimal
solutions and lower CPU values than the MILP model. Nevertheless, both mathematical models successfully obtained optimal
results for most of the small-sized instances. Numerical analysis revealed that the CP model could also find a feasible solution
for large-sized instances. In future studies, a lower bound for the problem can be developed and added to the CP model, so that
it can better evaluate the quality of solutions for large-sized instances. Moreover, heuristic methods can be presented to solve
larger-sized instances. The inclusion of SDST for single machine scheduling part of the problem can also considered. Additionally,
more complex scheduling environments, such as the flowshop scheduling problem, can also be integrated with the EVRP in future
research studies.
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ABSTRACT

The increase in international integration along with technological developments in the world is effective in increasing the diversity
of communication and transportation means between countries. In addition, production and export volumes are also increasing
thanks to the removal of obstacles to international trade and facilitating legislative practices. The dynamic structure of production
and export growth causes the increase and intensification of logistics activities, further increasing the importance of logistics
activities. From this point of view, this study analyzes the relationship between the logistics performance indicators of eight
developed countries and their export rates. In the analysis, the decision tree method, which is one of the machine learning methods
that has been developed differently from other data analysis methods and gives more stable and qualified results in the established
models, has been used. In the decision tree analysis, the logistics performance index and export rate data obtained from eight
developed countries between the years 2007 and 2022 were used. As a result of the analysis, it is seen that the efficiency of logistics
processes significantly affects export performance. However, depending on the differentiation of the country’s trade and legislation
structures, it is seen that the logistics performance indicators that affect exports differ in the countries that are the subject of the
analysis.
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1. Introduction

Logistics refers to the transportation, planning and storage processes and the movement of goods in domestic and foreign
markets from the first moment the goods and services are produced to meet the needs of consumers until the consumption
stage. In this context, logistics activities are important because they play a coordinating role in both production and consumption
processes (Aksungur & Bekmezci, 2020). The increase in international integrations with the technological developments in the
world has been effective in increasing the diversity of communication and transportation tools, especially among the countries
that are trade partners. In addition, the volume of production and exports increased with the removal of barriers to international
trade and facilitating legislative practices. The dynamic structure of production and export growth has increased the importance
of logistics activities by causing the increase and intensification of logistics activities (Acar & Benli, 2021). This importance
of logistics activities in providing domestic and international flows of goods and services makes it necessary to examine the
logistics performances and logistics management of countries. Accordingly, the systematic management of logistics activities in an
economy reduces economic and time costs, leading to an increase in competitiveness within and outside the country. Considering
that many countries in the world have developed strategies to increase their international competitiveness, the importance of
logistics activities, especially in international trade, comes to the fore (Ofluoglu at all., 2018).

Considering countries’ trade structures, it is generally seen that there are many export-promoting activities. The regularity
and continuity of these encouraging activities are significantly affected by logistics activities. When developed countries with
developed trade infrastructure and high export potential are examined, it is observed that the logistics networks of these countries
are developed. In addition, in today’s global competitive environment, it is considered a necessity for goods or services to reach the
supplier quickly and completely. This situation requires the logistics processes to be completed. Therefore, it becomes important
to measure the logistics processes that provide a competitive advantage in trade in goods and services because the measurable
logistics performance of countries makes it easier to make comparisons between countries (Aksungur & Bekmezci, 2020).
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The measurement of logistics activities of countries is carried out using various sub-dimensions based on certain performance
criteria. Such a measurement is carried out through the logistic performance index. The logistics performance index provides
information about the structure and development levels of countries’ logistics networks. This index is calculated and published
by the World Bank. The main purpose of the World Bank in creating the logistics performance index is to provide information to
increase trade performance by eliminating the difficulties that countries face while trading (Altintag, 2021). With this information,
measures and regulations regarding the country’s logistics infrastructure can be made. In this way, the logistics performance index
and logistics capabilities of the countries can be improved and it also provides a competitive advantage in global trade (Pmar &
Diken; 2020).

Sub-dimensions taken as basis in creating the logistics performance index include:

o Ability to track and trace consignments;

Competence and quality of logistics services;

Ease of arranging competitively priced shipments;

Efficiency of customs clearance process;

Frequency with which shipments reach consignee within scheduled or expected time; and
Quality of trade and transport-related infrastructure (Altintag, 2021).

The logistics performance index created in this way is a value between 1 and 5. The calculation of the index is obtained based
on the arithmetic averages of the sub-dimensions. According to the obtained logistics performance index, countries are grouped
as follows (Altintag, 2021):

Table 1. LPI Country Classification

Groups LPI Value Describing

1. Group 0<LPI<2.24 Non-logistics friendly countries
2. Group 2.25<1LPI1<2.99 Partially performing countries
3. Group 3<LPI<3.49 Countries with stable performance
4. Group 3.50<LPI<5 Logistics friendly countries

Source: Altintas, 2021

Logistics activities are also considered as a process that starts with the pre-transportation information flow following the purchase
and sale of goods and services and is completed with the post-transportation storage process. For this reason, the importance
of logistics activities is increasing, especially in international trade. In this context, developments in the logistics performance
of countries also affect export rates (Simsek &Yigit, 2019). The developed logistics processes, as well as the legal structures of
the countries, create a competitive advantage in mutual trade. With the impact of globalization, the removal of many obstacles
to the flow of international goods causes transportation and logistics costs to come to the fore. Therefore, transportation costs
are expected to be lower in countries with developed and stable logistics performance. By ensuring logistics efficiency, countries
become advantageous in international trade and their export potential increases (Ugurlu & Keser, 2020).

Depending on the increase in global trade, it is observed that logistics activities increase proportionally (Simsek & Yigit, 2019).
Increases in logistics activities lead to the increased division of labor specialization in this field. Increasing the division of labor
and specialization helps to facilitate international trade. Therefore, this cycle between logistics activities and foreign trade turns
into a self-reinforcing process, enabling countries to increase their foreign trade performance. Additionally, sustainable logistics
activities are important in increasing the foreign trade potential of countries because there is a positive relationship between the
logistics performance of countries and their development levels (Ates & Isik, 2010).

2. Literature Review

Some studies related to the literature on logistics performance and export performance of countries are given below. From
the studies conducted on this subject, according to Bagar and Bozma (2017), a relationship was observed between the logistics
performance index and foreign trade. According to Emirkadi and Balc1 (2018), there is a positive relationship between the logistics
sector and exports. According to Emirkadi and Balc1 (2018), there is a positive relationship between the logistics sector and exports.
In their study, Pekmezci and Mutlu (2018) analyzed the subject of the logistics performance index and examined the tendencies
of researchers on the subject. Bozkurt and Mermertas (2019) argue that the G-8 countries exhibit high logistics performance.
According to Cubukgu and Imamoglu (2019), a positive relationship was detected between the logistics performance of companies
and their export performance. According to Giingor et al. (2019), developments in the logistics sector of countries affect the
economic growth capacity. In their study, Karakoy and Ure (2019) found a positive relationship between the logistics performance
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and economic growth performance of common and high-income countries. In their study, Korkut et al. (2020) concluded that there
is a mutual relationship between international trade structures and logistics sector activities in G-20 countries. Arabaci and Yiicel
(2020) concluded in their study that the logistics sector contributed to economic growth as a result of increasing trade volume. In
their study, Cansiz and Unsalan (2020) analyzed the input components affecting the logistics performance index with an artificial
neural network model and suggested that a more objective logistics performance index could be obtained. According to Koca
(2021), there is a positive and bidirectional causality relationship between the logistics sector and foreign trade. In the study where
Manavgat and Demirci (2021) analyzed the factors affecting the logistics performance index, they concluded that foreign trade
data has a positive and significant effect on the logistics performance index. Aydin (2022) emphasizes that the logistics sector
has a strong relationship with other sectors, based on the input-output model he made for the logistics sector. According to Balta
and Cura (2022), there is a positive relationship between the export performance of companies and their logistics performance.
According to Bozdaglioglu and Kesir (2022), the logistics sector in Turkey affects foreign trade. In their study, Erturgut and Oguz
(2022) concluded that logistics activities increase exports in EU countries. Mesin and Cura (2022) argue that there is a positive
relationship between the logistics performance of countries and their economic development levels. In their study, Bilgin and
Sunaoglu (2022) analyzed many studies on the subject in different national/international databases. As a result of the study, it was
determined that the number of studies conducted specific to certain products and sectors was low in the articles examined.

When the studies in the literature are examined, it can be said that there is a generally positive relationship between the logistics
performance of countries and their export or foreign trade performance as a whole.

3. Data Set and Method

This study aims to test the relationship between the logistics performances of the G-8 countries (Italy, Germany, France, Canada,
America, England, Russia, Japan) and their export quantities, based on the evaluations in the literature. In the analysis used in the
study, exports are included as the dependent variable, and the logistics performance index values are included as the independent
variable. In the analyses made within this framework, the logistics performance index data and export data of the G-8 Countries
between the years 2007-2022 were used.

The data used was obtained from the World Development Indicator database. The relationship between the variables was tested
using the decision tree method, one of the machine learning algorithms, which is included in the artificial intelligence analysis
methods, in parallel with the widespread use of artificial intelligence in data analysis in the recent period. Subgroup classifications
of the data used in the analysis of the logistics performance index are given in the table below.

Table 2. Variable Definitions

Variables Description
Exp Export
X, Tracking (TRA)
X, Logistics Competence (LOG)
X3 International Transportation (INT)
X, Customs Clearance (CUS)
Xs Timing (TIM)
X Infrastructure (INF)

Source: Koyuncu, 2022

Data regarding the logistics performance index was obtained from the logistics performance index research conducted by the
World Bank, international organizations, academic institutions and logistics companies. These data are defined as follows:

Tracking (TRA) measures the ability to track and trace shipments. Logistics Competence (LOG) measures the logistics com-
petence and quality of logistics services. International Transportation (INT) Competitively priced shipments measure ease of
arrangement. Customs Clearance (CUS) measures the efficiency and effectiveness of the customs clearance process. Timing (TIM)
means that the shipment is delivered on time. It measures how often logistics service providers reach the recipient within the
planned and expected delivery time. Infrastructure (INF) measures the quality of the country’s telecommunications and trans-
portation infrastructure (Koyuncu, 2022) Export is the annual growth rate of exports of goods and services based on constant local
currency. Aggregates are based on constant 2015 prices, expressed in U.S. dollars. Exports of goods and services represent the
value of all goods and other market services provided to the rest of the world. They include the value of merchandise, freight,
insurance, transport, travel, royalties, license fees, and other services, such as communication, construction, financial, information,
business, personal, and government services. They exclude compensation of employees and investment income (formerly called
factor services) and transfer payments.
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3.1. Decision Trees

One of the important methods used in predicting data among machine learning methods is the decision tree method. The decision
tree approach is considered as a method that approximates a target function and displays the learning algorithms with the decision
tree structure. Therefore, the resulting decision tree structure is expressed as a predictive and descriptive model. A decision tree
structure plays an important role in determining the input-output relationship and the effect of each factor on the output during
the decision-making or evaluation phase. In this context, the decision tree structure can be frequently used among data analysis
methods because they are easy to interpret, have low transaction costs and are considered reliable methods (Emel & Tagkin, 2005).

Decision tool algorithms used in data analysis create new models that enable unknown data to be easily interpreted. The decision
tree structure used in predictions consists of leaf nodes and branches. The starting point of the decision tree is called the root node.
The nodes in the leaves of the decision tree represent the test results obtained based on the variable values. Here, the observed
leaf nodes represent the classes in which the sample is located. The easily understandable structure of the decision tools and their
strong predictions have made this approach popular (Alan, 2014).

Figure 1. Decision Tree Root, Node and Branch Structures
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Decision Node Decision Node
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Leaf Nodes

Decision trees can be used to represent classification and regression models in the data analysis process. At the same time,
thanks to decision trees, other sub-decision models can be obtained and the results can be interpreted. In this context, decision
trees are preferred by analysts who want to develop strategies by reaching the most accurate results that are likely to occur. In data
analysis, when decision trees are used for classification, they are called classification trees, and when they are used for regression
modeling, they are called regression trees. The decision tree method is considered the most popular inductive method among data
analysis methods. Decision tree structures, which are generally formed in two stages, reveal the best discriminant sub-data set
between classes at each node (Alan, 2014).

4. Results
Descriptive statistics data regarding the export and logistics performance index data used in the decision tree analysis are

included in the table below. This table includes the mean, median, maximum value, minimum value, standard error, and skewness
and kurtosis values of the variables, which are indicators of kurtosis and skewness.

Table 3. Descriptive Statistics for Variables

Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis
Exp | 4.7214 3.1939 24.8607 -1.8236 4.5513 2.14653 9.421603
X1 3.8429 4.01 4.2653 2.17 0.4949 -2.094913 6.170807
X2 3.7720 3.91 4.31 2.46 0.4588 -1.814674 5.221699
X3 3.4715 3.575 391 2.4504 0.3730 -1.611925 4.5994
X4 3.5200 3.7117 4.1230 1.94 0.5707 -1.793168 5.111945
X5 4.0775 4.19 4.48 2.94 0.3861 -1.840394 5.299256
X6 3.8515 4.03 4.4393 2.23 0.5583 -1.881089 5.340728

Source: Table data calculated by us.
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The decision tree obtained as a result of the analysis made in this study, where the logistics performances and export performances
of G-8 countries are evaluated, is shown below.

Figure 2. Decision Tree Results
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The analyses in the study were made using the Rapid Miner program. At the same time, the decision tree regression model was
applied in the study. Decision tree regression differs from classification algorithms in terms of the outputs obtained. In this context,
the decrease in the mean square error is considered as a criterion in demonstrating the reliability of the study results. Therefore,
the values of the error squares obtained from the analysis are given in the table below.

Table 4. Root Mean Square Error of Decision Trees Analysis

MODEL RMSE MAE
Performance Vector of Decision Tree 6.618 6.250

According to the test errors in the table, it is observed that the prediction errors including RMSE (root mean square error)
and MAE (mean absolute error) values have decreased. It is observed that the models established according to Lewis’ evaluation
criteria are "good" models, that is, stable.

According to the decision tree analysis, the quality of infrastructure related to trade and transportation in Italy, one of the G-8
countries, was analyzed as the decision variable that most affected export performance. In Italy, transportation-related infrastructure
quality values vary between 3.52 and 3.85. This value range indicates that Italy is a logistics-friendly country according to the LPI
country classification. In this context, when the value of trade and transportation infrastructure exceeds 3.73, a 1-unit change in the
logistics performance index increases the export amount by 2.16%, and when the value of trade and transportation infrastructure
falls below 3.73, the 1-unit change in the logistics performance index is reduced. It is observed that the export amount increased
by 8.97%.

The effectiveness of the customs clearance process in Germany has been analyzed as the decision variable that most affects
export performance. In Germany, the efficiency values of the customs clearance process vary between 3.88 and 4.12. This value
range shows that Germany is a logistics-friendly country according to the LPI country classification. Accordingly, when the
efficiency of the customs clearance process exceeds 4.04, a 1-unit change in the logistics performance index increases the export
amount by 3.16%, and when the efficiency of the customs clearance process falls below 4.04, a 1-unit change in the logistics
performance index increases the export amount. It increases by 8.73%.

In France, as in Germany, the efficiency of the customs clearance process was analyzed as the decision variable that most
affected export performance. In France, the efficiency values of the customs clearance process vary between 3.51 and 3.71. This
value range shows that France is a logistics-friendly country according to the LPI country classification. Accordingly, when the
efficiency of the customs clearance process exceeds 3.63, a 1-unit change in the logistics performance index increases the export
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amount by 2.63%, and when the efficiency of the customs clearance process falls below 3.63, a 1-unit change in the logistics
performance index increases the export amount by 5.33%. rate increases.

In Canada, unlike these countries, the competence and quality of logistics services are important as the decision variable that
most affects export performance. In Canada, the values of competence and quality of logistics services vary between 3.85 and
4.20. This value range shows that Canada is a logistics-friendly country according to the LPI country classification. Accordingly,
when the competence and quality of logistics services in Canada exceeds 3.92, a 1-unit change in the logistics performance index
increases the export amount by 6.50%. increases the amount by 3.24%.

In the USA, the effectiveness of the customs clearance process has been analyzed as the decision variable that most affects export
performance. In the USA, the efficiency values of the customs clearance process vary between 3.52 and 3.78. This value range
shows that the USA is a logistics-friendly country according to the LPI country classification. Accordingly, when the efficiency of
the customs clearance process in the USA is above 3.70, the 1-unit change in the logistics performance index increases the export
amount by 2.36%, and when the efficiency of the customs clearance process falls below 3.70, the 1-unit change in the logistics
performance index increases. change increases the export amount by 8.55%.

The ability to track shipments in the UK has been analyzed as the decision variable that most affects export performance. Values
for tracking shipments in the UK range from 4 to 4.12. This value range shows that the UK is a logistics friendly country according
to the LPI country classification. Accordingly, a 1-unit change in the logistics performance index increases the export amount by
4.40% when the ability to track the shipment is above 4.10. The change increases the export amount by 0.03%.

The ability to track shipments in Russia draws attention as the decision variable that most affects export performance. Values
for tracking shipments in Russia vary between 2.17 and 2.85. This range of values shows that according to the LPI country
classification, Russia remains in the indecision zone between the partially performing country and the logistics unfriendly country
classification. Accordingly, when the ability to track shipments exceeds 2.70, a 1-unit change in the logistics performance index
increases the export amount by 0.93%. When the ability to track shipments is between 2.60 and 2.70, a 1-unit change in the
logistics performance index increases the export amount by 4.36%. When the ability to track the shipment drops below 2.60, a
1-unit change in the logistics performance index increases the export amount by 6.65%.

In Japan, unlike other countries, the ease of arranging competitively priced shipments is important as the decision variable
that most affects export performance. Values for the ease of arranging competitively priced shipments in Japan range from 3.30
to 3.69. This value range shows that, according to the LPI country classification, Japan is in the uncertainty zone between a
stable performing country and a logistics-friendly country. However, according to the decision tree analysis, if the efficiency of
the customs clearance process in Japan is low, export performance increases significantly. Therefore, Japan can be considered a
country with stable performance. Accordingly, when the effectiveness of the customs clearance process in Japan exceeds 3.57, a
1-unit change in the logistics performance index increases the export amount by 3.55%, and when the effectiveness of the customs
clearance process falls below 3.57, a 1-unit change in the logistics performance index increases the export amount by 3.55%. It
increases by 17.10 percent.

5. Discussion and Conclusions

In this study, where the relationship between logistics performance indicators and export rates of eight developed countries is
analyzed by the decision tree method, it is observed that Western Bloc countries such as Italy, Germany, France, Canada and
England, among the G-8 countries, are logistics-friendly countries. It is observed that the logistics performance of Eastern Bloc
countries such as Japan and Russia is lower. In addition, analyzing the effectiveness of the customs clearance process as a decision
variable in Germany, France and the USA, which are within the Western Bloc, reveals the importance of the customs clearance
process in terms of export performance. In this context, it can be concluded that the effective and fast processing of the customs
clearance process significantly affects export performance. In addition, when the findings obtained from the study are evaluated
holistically, it becomes clear that the logistics performance indicators of countries vary depending on the country structure and
their impact on export performance.

Based on these results obtained from developed countries, it can be said that the effectiveness of the customs clearance process
comes to the fore compared to other logistics performance indicators. In this context, considering that the export-led growth
strategy has come to the fore recently, increasing the efficiency of the customs clearance process in terms of increasing export
performance can significantly increase the export performance of countries. Based on this result, the idea that customs union
agreements between countries can significantly affect the country’s exports is supported. Therefore, in order to increase export
performance, increasing the functionality of customs clearance processes together with bilateral agreements regarding customs
processes between countries can significantly affect the export performance of countries.
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ABSTRACT

Logistics performance measurement has become increasingly important for countries as the competitive environment has increased.
For this purpose, the World Bank has begun publishing logistics performance index (LPI) reports. The LPI ranking of countries
is determined by the experts’ scoring system. By re-analyzing this scoring and reevaluating it without the need for expert opinion,
this study analyzed the evaluation of country rankings according to criteria weights from several different angles. This study
aims to provide a detailed analysis of the World Bank’s 2023 report using the ENTROPY-based ORESTE method, which has
not previously been used in LPI evaluation and provides a more accurate and robust approach to the research. Although several
studies have explored this similar topic in the literature, using a new method and comparing the criteria weights by including
them in the analysis gave the present study a broader perspective. LPI analysis is an important tool for assessing and improving
a country’s competitiveness, and it can help investors compare logistics infrastructure and processes across countries. This can
help stakeholders to better plan and make direct investments. Logistics researchers can use the LPI to examine sectoral and
economic trends and forecast future developments. Furthermore, the LPI can be used in academia to train and raise awareness
about assessment, logistics, and supply chain management programs. This is an important resource for training future logistics
professionals and managers and providing policymakers and practitioners with a more refined tool for identifying areas for
improvement and investment in logistics infrastructure.

Keywords: Logistics performance index, World Bank, ENTROPY, ORESTE

1. Introduction

The globalization of the economy, increased product and market diversity, and internationalization of trade have all contributed to
the growing importance of the logistics sector. Logistics is inextricably linked to the economy because it encompasses the activities
involved in effectively organizing all types of material and information flows from production to consumption. Therefore, logistics
activities have evolved into an important tool for countries and regions seeking economic superiority and competitiveness. Hence,
logistics has emerged as the most important issue and need nationwide and worldwide. In addition to a commercial approach,
logistics, which is an important need, has introduced the concept of a logistics performance index (LPI). Logistics can be
defined as the process of delivering resources such as products, services, and people where and when they are required. Without
logistics support, establishing a marketing or production organization is extremely challenging. Logistics combines transportation,
inventory, storage, material handling, and packaging information. The logistics business is responsible for the geographical location
of the raw material, the operation of the process, and the completion of the work by meeting the needs at the lowest possible cost
(Hayaloglu, 2015).

Logistics is derived from the Greek word "logisticos," which means "the science of calculating," "book making," or "the skill
of calculation" (Koban and Keser, 2007). Turkish logistics is derived from the Greek word logistikos. This term is known as
logistique in French, unterbringungswesen in German, and logistics in English (Siirmen and Aygiin, 2006). Logistics is "the
process of strategically managing the procurement, movement, and storage of materials, products, and finished inventory through
the organization and marketing channels in such a way as to maximize current and future profitability, while ensuring cost efficiency
in fulfilling orders" (Christopher, 2011).
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The logistics business area covers all processes, from product and service supply to customer delivery. Its main purpose is to
ensure effective product or service management and orderly operation of each stage of the supply chain. The World Bank’s LPI study
shows that countries have better logistics infrastructure. It also presents the issues they face and the qualifications they possess. The
LPI is a multifaceted and comprehensive index developed for evaluation purposes. The first LPI study, conducted in 2007, used
seven criteria, with six criteria used in subsequent years (Gergin and Baki, 2015). This index is used to assess a country’s supply
chain management effectiveness. The LPI is used to compare countries around the world, determining whether logistics operations
are efficient and effective. This index is important for understanding, improving, and comparing a country’s trade and economic
performance. Countries with a high LPI score typically have more effective logistics processes and can compete in international
trade. The LPI provides detailed information on the logistics environment, basic logistics processes and organizations, as well as
countries’ time and cost performance. Furthermore, LPI plays a role in revealing the countries’ logistics-related problems, reform
priorities in public—private sector dialogue, tracking time-sensitive developments, and implementing reforms as soon as possible.

This study used the ENTROPY method, which is an objective method for weighting criteria in World Bank data. It served as the
study’s decision matrix; no subjective data was required. After the criteria have been weighted, the Organization, Rangement Et
Synthese De Donnes Relationnelles (ORESTE) method, which has not previously been applied to LPIs for ranking, will be used to
analyze the ranking of countries more rigorously. For the first time in the literature, the evaluation of LPIs with ENTROPI-based
ORESTE to evaluate LPIs has strengthened the study. After using an objective method like ENTROPY and determining the criteria
weights, the goal was to evaluate from a new perspective using a method like ORESTE, which has not been studied much in the
literature.

The remaining sections of the paper are as follows. Section 2 analyzes the literature review, including studies on the ENTROPY
method and the LPI. Section 3 discusses the study’s methodology, including steps from the ENTROPY and ORESTE methods
and the proposed integrated approach. Section 4 uses data from the World Bank’s (2023) LPI to prioritize criteria and classify
countries. It also includes a sensitivity analysis. Finally, Section 5 presents the concluding remarks and future recommendations.

2. Literature Review on Applied Methodology

This section provides a literature review of the tools and techniques of multi-criterion decision-making (MCDM), specifically
ENTROPY and ORESTE. This section consists of three subsections. First, the following subsections discuss the widely applicable
ORESTE method. Subsequently, the literature on the ENTROPY method is discussed. Finally, the literature on using the MCDM
to apply the LPI is presented.

Jafari (2013) assessed the ORESTE and Shannon’s ENTROPY methods, prioritizing identified risks based on their frequency of
occurrence, the impact they will have after the occurrence, and the likelihood of detection before the incident. Xingli and Huchang
(2018) proposed a multi-expert MCDM to solve the problem of selecting creative and innovative product designs. They combined
an enhanced quality function deployment method with a complicated fuzzy linguistic representation model, probabilistic linguistic
term set, and ORESTE ranking method. Liao et al. (2018) proposed a new MCDM that is motivated by the ORESTE method.
They developed a new global preference score function to aggregate the criterion weights and values, expressed as hesitant fuzzy
linguistic elements. Meanwhile, Chatterjee and Chakraborty (2013) studied the almost unexplored MCDM ORESTE and used it
to solve five AMS selection problems. For assessing thermal comfort in underground mines, Luo et al. (2019) found a suitable
methodology. Meanwhile, Adali and Isk (2017) used the ORESTE methodology to select a web design firm.

For the ENTROPY method, some notable studies are as follows: Jamin et al. (2019) proposed a multiscale cross-entropy
measure to analyze the dynamical characteristics of the coupling behavior between two sequences at multiple scales. Zhao et
al. (2018) chose primarily from the function of ecosystem factors and natural environmental factors associated with residents’
daily lives. The ENTROPY method was used to calculate the weights of the indicators. The results show that western China is
significantly more vulnerable than eastern China. Meanwhile, Al-Aomar (2010) investigated the problem of determining subjective
and objective criteria weights by combining the AHP and Shannon’s ENTROPY methods. Levy et al. (2017) developed a tool
for performing analytic continuation of spectral functions using the maximum ENTROPY method. Shao et al. (2016) used the
TOPSIS-ENTROPY method to construct an index system of urban sustainable development that includes three aspects: society,
economy, and environment. According to Jiingel (2015), the key idea is to use a transformation of variables determined by the
ENTROPY density, which is defined by the gradient-flow formulation.

The final section includes studies that take into account the LPI index. For instance, Goger et al. (2022) developed a methodolog-
ical framework for recommending logistics policies to improve specific countries’ LPI scores. Beysenbaev et al. (2020) proposed
improvements to the World Bank’s current LPI. The LPI is based on a global survey of logistics experts, which may bias toward
a subjective view of various countries’ logistics systems, resulting in a potentially skewed rating. Atalan (2020) calculated the
LPI values for the next period by comparing the current LPI values of OECD members. Bozkurt and Mermertas (2019) studied
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logistics performance by comparing the performance of the G8 countries and Turkey to identify and analyze the advantages
and disadvantages of the countries. Although the study reveals the countries’ advantages and disadvantages, it also provides
recommendations for these countries. Ulutag and Karakdy (2019) used World Bank data in their analysis, which included MCDM
techniques. Karakdy and Olmez (2019) studied logistics in Balkan countries to analyze performance. In their study, logistics were
used to analyze the performance index, MCDM, ENTROPY, and OCRA techniques. Rezaei et al. (2018) studied the evaluation
of the LPI and the effect of indicators on LPI using the best—worst indicator weight analysis. Moreover, Ayaydin et al. (2017)
used the Gray Relational Analysis Method to assess the financial performance of ten logistics companies from the Fortune Turkey
magazine’s top 500 list. Basar and Bozma (2017) used pooled panel data analysis to study LPI’s macroeconomic and political
determinants in 71 countries during the period. Using LPI and component data, Yaprakli and Unalan (2017) analyzed Turkey’s
logistics performance over the last decade. Ozceylan et al. (2016) studied the methodology of a multi-criterion decision logistic
performance based on GIS to evaluate provinces in Turkey. Marti et al. (2014) used the center of gravity approach to assess the
importance of the LPI in international trade, predicting that any improvement in the index for developing countries would lead
to increased trade. Cakir and Percin (2013) used CRITIC, SAW (Simple Additive Weighting), TOPSIS, and VIKOR methods to
assess the financial performance of ten logistics companies from Fortune Turkey magazine’s top 500 list. To integrate the obtained
rankings, the Borda counting method was employed.

The results of the literature review, the fact that the ORESTE method is currently not widely used, and the use of the ENTROPY-
based ORESTE method for the first time in the literature have added a more objective approach to the paper.

3. Methodology

The ENTROPY method was used as an objective and powerful method for criteria weighting, and the country rankings were
analyzed by incorporating them into the ORESTE method, which used the criteria weights found here.

3.1. ENTROPY

Rudolph Clausius first defined ENTROPY, the second law of thermodynamics, in 1965 as a measure of disorder and uncertainty
in a system (Zhang-Gu et al., 2011). The concept of ENTROPY, which is now widely used in mathematics and engineering
sciences, particularly in physics, was applied to information theory by Shannon (1948). The ENTROPY method is used to measure
the amount of useful information provided by the available data (Wu-Sun et al. 2011), and it consists of four steps (Johansson et
al., 2014).

Step 1: To eliminate the effects of different index dimensions in the decision matrix on the disparity, various methods can
standardize the indices. According to the benefit and cost indices, the criteria are normalized using Equations (1) and (2).

Xi s
rij = ij (i=1,....m;j=1,...,n) (1
maxi;
_min,-j . e
Tij = (i=1,....myj=1,...,n) )
ij

Step 2: To eliminate outliers in different units of measurement, P;; is calculated by normalization.
Xi j

n
Z:j=l

rij = (l=1,2,m,]=1,2n) (3)

i: alternatives,

j: criteria

rij: normalized values
x;;: given utility values

Step 3: In this step, the ENTROPY of E is calculated with the help of Equation (4).

1
" In(m)

Ej = —hZi"ilrijln(rij),j =1,2,...,h @

rij In(r;;) is defined 0 if r; ;=0
h: (In(n)) -1 k: ENTROPY coefficient
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E; : ENTROPY value P
ij: normalized values

Step 4: In Step 4, the uncertainty dj is calculated using Equation (5).

Dj=1-Ej;Vj &)

Step 5: With the help of Equation (6), the wj weights are calculated as the level of importance of the criterion wj.

Dj

D)’

W)= i=12,...n (©6)

3.2. ORESTE

One of the relationship-based ranking methods is ORESTE, which means senior, important, or favored. The ORESTE method
has been used in the literature for agricultural decision problems such as material selection (Chatterjee et al., 2012), rehabilitation
projects (Eliseo, 2009), port ranking (Jafari et al., 2013), landmine detection strategy selection (Leener et al., 2002), and risk
prioritization (Jafari et al., 2013). In the ORESTE method, the finite set A ={al,a2, ....,an} has n elements defined as a set
of alternatives, and the alternatives are defined as the set of k elements. C ={cl,c2,...ck} is assessed using a set of criteria.
The relative importance of criteria preorder, weak preorder, or weak preorder instead of weights in determining the preference
structure known as weak order (Pastijn et al., 1989). S = (P or I) denotes the criteria in the preliminary ranking. P (preference),
the asymmetric criterion, expresses preference for the other criterion; I (indifference), which expresses preference for the criterion
and a symmetric relationship, indicates no difference between the other criterion. ORESTE solves decision-making problems in
two stages (Eliseo et al., 2009).

e Based on the order of criteria and the order of alternatives depending on the criteria, and the full global preliminary ranking
of alternatives (ORESTE I)

¢ 2. Following the contradiction and indifference analyses, the alternatives are considered to create a partial preliminary ranking
(ORESTE II).

The ORESTE method establishes a weak preference structure for classification for each criterion (j = 1, 2,..., k) during the
analysis phase. The final objective is to show the results of evaluating the alternatives on a global scale based on each criterion to
establish the preference structure.

An example of each stage of the ORESTE method is shown below.

Determination of the decision problem: A = {al, a2, a3} The set will be evaluated over the set of 4 criteria C = {c1, c2, c3, c4}.

Determination of relative importance by preliminary ranking: First, a weak ranking preference structure will be created to
determine the relative importance of the criteria. The criteria will be ranked in order of importance from higher to lower in
this step, and the relationships between the criteria will be expressed symmetrically/asymmetrically. The criteria’s ranking and
relationships are as follows when shown,

clPc2Ic3Pc4

The most and least important criteria are cl and c4, respectively; c2 and ¢3 criteria are not superior to each other.
Similarly, the relative importance of alternatives is determined as follows:

cl:alPa2Ia3
c2:a2 Pa3Pal
c3:alla2la3
c4:a3Tal Pa2

According to criterion c1, the alternatives are ranked as al, a2, and a3. Moreover, the relationship between the criteria is expressed
as "al is superior to a2, a2 and a3 are of equal importance."

Determination of Besson Rank values: After determining the relative importance of the criteria and alternatives through
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preliminary ranking, Besson Rank values must be calculated in order to digitize the evaluations for use in the analysis. Besson
Rank (Besson, 1975) is a classification system named after Besson, which he developed in 1975. The Besson rank system is based on
assigning rank values to criteria and alternatives in order of importance. If there is no superiority between the criteria/alternatives
(I, if there is a symmetric relationship), Besson rank values are calculated by taking the arithmetic mean of the ranks of the
criteria/alternatives, resulting in the same value for each. For example, it has the same importance as the first-ranked criterion.

For another criterion ranked second, the Besson rank values are (1 + 2)/2 = 1.5.

The Besson rank values of the criteria are expressed as r(ci), while the Besson rank value of the alternative j an evaluated using
the ci criterion is expressed as rci(aj). According to this representation, the Besson rank values computed for the sample problem are:

r(cl)=1 r(c2)=2,5 r(c3)=2,5 r(c4)=4
rcl(al)=I rcl(a2)=2,5 rcl(a3)=2,5

rcd(a3)=1,5 rcd(al )=1,5 rc4(a2)=3

Calculation of projection distances: Based on the criterion/alternative rank value, projection distances allow one to determine
the relative position of alternatives with respect to a chosen origin point. Many methods exist for calculating projection distances.
Pastijn and Leysen’s (1989) study on R A projection distance calculation method that varies depending on the value of the proposed
methodology. Using this method, R becomes

Re RO

R = I: Average rank (Weighted arithmetic mean)

R =-1: Rank based on harmonic mean

R = 2: Rank based on quadratic mean

R =-00 : min ( r(ci), rci(aj) )

R = +co0 : max ( r(ci), rci(aj) )

Projection distances that vary for different R values,

. 1 1 R
DRi(aj) = 2 X rcfe + 3 X rci(af) @)
is calculated with the equation. In this study, the average rank method was used in the calculation (R = 1). Meanwhile, The place
in the projection distance of the sample problem is calculated according to criterion c1 for alternative al, r (c¢I) = I and using the
parameters rcl(al) =1,

Di(a;) = x (1+1)=1

will be calculated as.

Determination of global ranks: The step of determining global rankings is the assignment of Besson rank values to all projection
distances. The projection distances calculated in the previous step have Besson rank values based on the order in which they are
located.

Determination of average ranks: In the step of calculating average ranks, the global rank obtained in the previous step is added
to each alternative. To calculate average ranks, we use the following equation:

r(aj) =2 ri(aj) ®)

No additional processing is required because the average ranks obtained are interpreted solely based on ranking. The average ranks
obtained are ranked from smallest to largest, and the alternatives’ rankings are obtained based on the decision maker.

3.3. Integrated Approach

The proposed approach incorporates the ENTROPY and ORESTE methods. ENTROPY was used to find the weights of the
criteria in the first stage of the approach, and the weights of each criterion were found. The ORESTE method first normalized the
decision matrix, and then found the weight classification of the normalized matrix’s criteria. The next step assigned the sum of the
global rankings for each alternative, and the final step obtained the global ranking of each alternative. The criteria weights found
in ENTROPY are used in the Bayer rank after the decision matrix is normalized, and the ORESTE method determines the criteria
weight rankings. Figure 1 shows the flow chart for the integrated method.
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Create a decision matrix (DM)

Mormalize the decisicn matrix

Compute the entropy values
Ej=—h Z'I () = L2k

i Infr; ). is defined D if =0

Define the criteria and alternatives

Gather weak order of criteria and
alternatives under each criterion

Where

Rij=normalized criteria/subcriteria rate
Xij=triteria /sub-criteria rate
M=number of alternatives

N=number of criteria

H=entropy constant

|

Give a besson rank to each criterion
and alternatives for each criterion

r

Calculate the projection distances

l

Ej=entropy
Di=diversit Convert the distance score into
R i I=alversity Besson ranks and obtain global ranks
Calculzte the diversity Wj=objective weight of sach criteria l
Dj = 1—Ef
Calculate the sum of global ranks for
each alternative
Calculate the objective weights
nj 4
wi= T L2 wn Obtain global weak order of the
J=1

alternatives

Figure 1. The framework of the proposed ENTROPY-based ORESTE method

4. Application
4.1. World Bank’s Logistic Performance Index (2023) Data

The 2023 LPI survey ran from September 6 to November 5, 2022. It contains 4,090 country assessments completed by 652
logistics professionals from 115 countries across the World Bank’s regions. Unlike previous editions, the 2023 survey did not
include questions about logistics quality in the country from which these professionals operate or an assessment of domestic
performance to keep the survey concise and easy to answer. The team also encountered difficulties surveying 2020/2021 due to
the COVID-19 pandemic, ultimately postponing it until 2022 (World Bank Report 2023).

The World Bank’s LPI analyzes countries through six criteria:

Customs (p1)

Infrastructure (p;)

International shipments (p3)

Logistic competence and equality (p4)
Timeliness (ps)

Tracking and tracking (pe)

S S

4.2. Ranking the Countries

The World Bank 2023 data served as a decision matrix. Table 1 shows the weights of the criteria obtained using the ENTROPY
method. The determined criterion weights were ranked using the logic of the ORESTE method, with the largest criterion coming
first, and the close values were assigned the arithmetic mean value. The decision matrix (Table 2) was then normalized, the weight
ranking of the criteria was obtained, and the Bessian rank was found in the following step. Moreover, to find the Bessian rank,
each country received a rank (Table 3).

Table 1. Criteria weight obtained by the ENTROPY method

Criteria P1 P2 P3 P4 Ps Pe
Values 0,185226 0,224795 0,121313 0,169444 0,184529 0,114692636
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Table 2. Decision matrix

Country P P Ps P Ps Ps Country Py P | Ps Py Ps  Ps  Country P. P. Ps Ps Ps Ps Country P. P. Ps Pi Ps Ps
Singapore 4,2 4,6 4 44 44 43 Iceland 37 36 33 35 37 36 Cyprus 29 28 31 32 3 3,5 SriLanka 25 24 28 27 3 33
4
Finland 4 42 41 42 42 43  lreland 34 35 36 3,6 3,7 3,7 Hungary 27 31 34 31 3, 36 Bahamas 27 25 31 25 26 3
4
Denmark 4,1 4,1 3,6 41 43 41 Israel 34 37 35 38 3,7 38 Kuwait 32 36 32 29 3 2,8 Belarus 26 27 26 26 26 31
3
Germany 39 43 3,7 42 42 41 Luxembourg 3,6 36 36 39 35 35 Romania 27 29 34 33 3 3,6  Djibouti 26 23 25 28 27 36
5
The 39 4,2 37 42 42 4 Malaysia 33 36 37 3,7 3,7 3,7 Botswana 3 31 3 34 3 3,3 ElSalvador 24 22 26 27 29 32
Netherlands
Switzerland 4,1 44 3,6 43 42 42 NewZealand 34 38 32 3,7 38 38 Egypt, 28 3 32 29 2 3,6 Georgia 26 23 27 26 28 31
Arab Rep. 9
Austria 3,7 39 38 4 42 43 Poland 34 35 33 3,6 38 39 North 31 3 28 32 3, 35 Kazakhstan 26 25 26 27 28 29
) ) ) ) ) ) ) ) _ Macedonia ) ) 2 ) . . ) . .
Belgium 39 4,1 38 42 4 42  Bahrain 33 36 31 33 34 41 Panama 3 33 31 3 2, 3,4  Papua New 24 24 26 27 3 33
9 Guinea
Canada 4 43 3,6 42 41 41 Latvia 33 33 32 37 36 4 Bosniaand 2,7 26 31 29 3 3,2 Paraguay 24 25 27 26 28 3
Herzegovin 2
Hong Kong 38 4 4 4 42 41 Qatar 31 38 31 39 36 35 Chile 3 28 27 31 3 3,2 | Ukraine 24 24 28 26 26 31
SAR, China
Sweden 4 4.2 34 42 41 42 Thailand 33 37 35 35 3,6 35 Indonesia 28 29 3 29 3 3,3 Bangladesh 23 23 26 27 24 3
United Arab 3,7 41 38 4 41 42 India 3 32 35 35 34 36 Peru 26 25 31 27 3, 3,4 | Congo, Rep. 23 21 26 29 27 29
Emirates 4
France 3,7 38 37 38 4 4,1 Lithuania 3.2 35 34 36 31 3,6 Uruguay 29 27 27 31 3 3,2 Dominican 26 27 24 26 24 3,1
3 Republic
Japan 39 42 33 41 4 4 Portugal 3.2 36 31 36 32 36 Antigua 22 27 29 29 3, 34 Guatemala 23 24 28 27 27 2,6
and 2
Barbuda
Spain 3,6 38 3,7 39 41 42 SaudiArabia 3 36 33 33 35 3,6 Benin 27 25 29 3 3, 2,7 Guinea- 27 24 29 29 23 24
2 Bissau
Taiwan, 35 38 37 39 42 42 Turkiye 3 34 34 35 35 3,6 Colombia 25 29 3 31 3, 32  Mali 26 2 26 25 27 31
China 1
Korea, Rep. 3,9 4,1 34 38 38 38 Croatia 3 3 3,6 34 34 32 CostaRica 28 27 28 29 2 3,2 Nigeria 24 24 25 23 27 31
9
United 37 39 34 39 42 38 Czech 3 3 34 36 3,2 3,7 Honduras 28 2,7 3 27 2, 32 Russian 24 27 23 26 25 29
States Republic 6 Federation
Australia 3,7 4,1 31 39 41 36 Malta 34 37 3 34 34 32 Mexico 25 28 28 3 3, 35  Uzbekistan 26 24 26 26 24 28
1
China 33 4 3,6 38 38 37 Oman 3 32 34 3.2 39 31 Namibia 28 28 3 29 2, 29 Albania 24 2,7 28 23 23 25
8
Greece 3,2 37 38 38 39 39 Philippines 28 32 31 33 33 39 Argentina 27 28 27 27 2 3,1 Algeria 23 21 3 22 25 2,6
9
Italy 34 38 34 38 39 39 Slovak 32 33 3 34 33 35 Montenegr 26 25 28 28 3, 32 Armenia 25 26 22 26 23 2,7
Republic o 2
Norway 3,8 39 3 38 37 4 Slovenia 34 36 34 33 3 3,3  Rwanda 25 29 24 3 3 3,1 Bhutan 27 22 23 26 23 2,6
South Africa | 3,3 3,6 3,6 38 38 38 Vietnam 31 32 33 3.2 34 33 Serbia 22 24 29 27 2, 34 Central 24 26 21 29 24 2,6
9 African
Republic
Congo, Dem. 2,3 2,3 25 24 25 28 Togo 23 23 3 24 23 28 Sudan 21 23 24 24 23 27 Cuba 2 22 21 22 24 2,6
Rep.
Ghana 2,7 24 24 25 22 27 Trinidadand 272 24 25 24 25 29 Burkina 2 23 24 24 22 24 YemenRep. 17 19 17 26 23 28
Tobago Faso
Grenada 2,6 25 2,6 22 23 31 Zimbabwe 22 24 25 23 2,7 28 Fiji 23 22 23 23 22 23 Angola 17 21 24 23 23 2,1
Guinea 24 24 2,2 27 27 25 Bolivia 21 24 25 24 25 24 Gambia, 18 23 26 23 24 26 Cameroon 21 21 22 21 18 21
The
Jamaica 2,2 2,4 2,4 25 28 29 Cambodia 2,2 21 23 24 28 2,7 lran, 22 24 24 21 24 27 Haiti 21 18 23 2 2,1 2,5
Islamic
Rep.
Mauritius 24 25 19 25 29 31 Gabon 2 22 26 2 25 3 Kyrgyz 22 24 24 22 23 24 Somalia 15 19 24 18 18 23
Republic
Moldova 1,9 19 2,7 28 28 3 Guyana 23 24 21 2,6 22 26 Madagasca 18 18 29 22 2 2,6  Afghanistan 21 17 18 2 16 23
r
Mongolia 25 23 25 23 24 27 Iraq 21 22 25 22 24 3 Mauritani 21 2 22 25 25 28 |Libya 19 17 2 19 18 2,2
a
Nicaragua 2 19 2,8 2,8 24 29 Lao PDR 23 23 23 2,4 2,4 2,8 Syrian Arab 22 22 23 22 23 25
Republic
Tajikistan | 2,2 2,5 2,5 2,8 2 29 Liberia 2,1 2,4 2,8 24 24 23 Venezuela, RB 21 2,4 2 2,5 23 2,5
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Table 3. The Bessian rank and total rank result.

Country Py P, Ps Py Ps Ps TOTAL RANKING
Singapore 35 1 17 9 35 23 57 1
Finland 17 17 115 355 28,5 23 133 2
Denmark 9 50 1115 59,5 6 88 324 7
Germany 45 6 69 35,5 28,5 88 272 4
The Netherlands 45 17 69 355 285 1255 321 5
Switzerland 9 2 1115 115 28,5 55,5 218 3
Austria 88 80 40,5 77 28,5 23 337 9
Belgium 45 50 40,5 355 96,5 55,5 323 6
Canada 17 6 1115 35,5 69 88 327 8
Hong Kong SAR, 61,5 69 17 77 28,5 88 341 10
China
Sweden 17 17 199,5 35,5 69 55,5 394 12
United Arab 88 50 40,5 77 69 55,5 380 11
Emirates
France 88 1115 69 1335 96,5 88 587 16
Japan 45 17 240 59,5 96,5 1255 584 15
Spain 1195 1115 69 101,5 69 55,5 526 14
Taiwan, China 128,5 1115 69 1015 28,5 55,5 495 13
Korea, Rep. 45 50 199,5 133,5 143 166 737 18
United States 88 80 1995 101,5 28,5 166 664 17
Australia 88 50 3195 101,5 69 2495 878 21
China 190,5 69 1115 133,55 143 211 859 20
Greece 2295 143 40,5 1335 122 152,5 821 19
Italy 160 1115 199,5 133,55 122 152,5 879 22
Norway 615 80 379 1335 171 1255 951 26
South Africa 190,5 183 1115 1335 143 166 928 25
United Kingdom 128,5 143 152,5 176 96,5 211 908 23
Estonia 229,5 2245 1995 176 143 88 1061 30
Iceland 88 183 240 2345 171 2495 1166 33
Ireland 160 2245 1115 216 171 211 1094 31
Israel 160 143 152,5 1335 171 166 926 24
Luxembourg 1195 183 1115 1015 220,5 310 1046 29
Malaysia 190,5 183 69 176 171 211 1001 27
New Zealand 160 1115 2745 176 143 166 1031 28
Poland 160 2245 240 216 143 1525 1136 32
Bahrain 190,5 183 3195 285 2625 88 1329 37
Latvia 190,5 2495 2745 176 207 1255 1223 34
Qatar 262,5 1115 319,5 101,5 207 310 1312 36
Thailand 190,5 143 1525 2345 207 310 1238 35
India 2955 279 1525 2345 262,5 249,5 1474 39
Lithuania 2295 2245 199,5 216 363 2495 1482 41
Portugal 2295 183 3195 216 339,5 2495 1537 42
Saudi Arabia 2955 183 240 285 220,5 2495 1474 39
Turkiye 295,5 237 199,5 2345 2205 2495 1437 38
Croatia 2955 326,5 1115 270,5 2625 4345 1701 47

Czech Republic 2955 326,5 199,5 216 339,5 211 1588 43
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Table 3. Continued

Malta 160 143 379 2705 2625 4345 1650

Oman 2955 279 1995 3305 122 502 1729 49
Philippines 3585 279 3195 285 2055 1525 1690

Slovak Republic 2295 2495 379 2705 2955 310 1734 50
Slovenia 160 183 1095 285 304 3875 1609

Vietnam 2625 279 240 3305 2625 3875 1762 51
Brazil 334 279 4345 285 3395 310 1082

Bulgaria 2625 304 379 285 2955 310 1836 53
Cyprus 334 367 3195 3305 2625 310 1024

Hungary 402 304 1995 3515 2625 2495 1769 52
Kuwait 2295 183 2745 420 2055 6345 2037

Romania 402 3455 1995 285 2205 2495 1702 48
Botswana 2055 304 379 2705 394 3875 2031

Egypt, Arab Rep. 3585 3265 2745 420 4475 2495 2077 60
North Macedonia | 2625 3265 4755 3305 3395 310 2045

Panama 2955 2495 3195 3715 4475 3515 2035 57
f;szzi;‘oi?:a 402 4535 3195 420 3395 4345 2360

Chile 2955 367 531 3515 304 4345 2374 64
Indonesia 3585 3455 379 420 394 3875 2285

Peru 4605 485 3195 519 2625 3515 2398 67
Uruguay 334 4105 531 3515 2055 4345 2357

Antigua and 6745 4105 4345 420 3395 3515 2631 70

Barbuda

Benin 402 485 4345 3715 3395 687,5 2720

Colombia 5105 3455 379 3515 363 4345 2384 65
Costa Rica 3585 4105 4755 420 4475 4345 2547

Honduras 3585 4105 379 519 556,5 4345 2658 71
Mexico 5105 367 4755 3715 363 310 2398

Namibia 3585 367 379 420 493 603,5 2621 69
Argentina 402 367 531 519 4475 502 2769

Montenegro 460,5 485 4755 468 339,5 4345 2663 72
Rwanda 5105 3455 7005 3715 304 502 2824

Serbia 6745 568 4345 519 4475 3515 2095 79
Solomon Islands 549 4535 4345 420 4475 4345 2739

Sri Lanka 5105 568 4755 519 304 3875 2855 77
Bahamas, The 402 485 3195 627 556,5 5405 2031

Belarus 4605 4105 588,5 588,5 556,5 502 3107 82
Djibouti 4605 664,5 643 468 531 2495 3017

El Salvador 549 709 588,5 519 4475 4345 3248 87
Georgia 4605 664,5 531 588,5 493 502 3240

Kazakhstan 4605 485 588,5 519 493 6035 3150 83
Pagﬁ;’:aew 549 568 588,5 519 394 3875 3006

Paraguay 549 485 531 588,5 493 5405 3187 84
Ukraine 549 568 4755 588,5 556,5 502 3240

Bangladesh 619 664,5 588,5 519 6535 5405 3585 98
Congo, Rep. 619 751 588,5 420 531 6035 3513
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Table 3. Continued

Malta 160 143 379 2705 262,5 4345 1650 45

Oman 2955 279 1995 3305 122 502 1729 49
Philippines 358,5 279 3195 285 2955 1525 1690 46

Slovak Republic 2295 2495 379 2705 2955 310 1734 50
Slovenia 160 183 1995 285 394 387,5 1609 44

Vietnam 262,5 279 240 3305 262,5 3875 1762 51
Brazil 334 279 4345 285 3395 310 1982 55

Bulgaria 262,5 304 379 285 2955 310 1836 53
Cyprus 334 367 3195 3305 262,5 310 1924 54

Hungary 402 304 1995 3515 262,5 2495 1769 52
Kuwait 2295 183 2745 420 2955 634,5 2037 58

Romania 402 3455 1995 285 2205 2495 1702 48
Botswana 295,5 304 379 2705 394 387,5 2031 56

Egypt, Arab Rep. 358,5 326,5 2745 420 4475 2495 2077 60
North Macedonia 262,5 326,5 4755 3305 3395 310 2045 59

Panama 2955 2495 319,5 3715 4475 3515 2035 57
f;il?oi?:a 402 4535 3195 420 3395 4345 2369 63

Chile 2955 367 531 3515 394 4345 2374 64
Indonesia 358,5 3455 379 420 394 387,5 2285 61

Peru 460,5 485 3195 519 262,5 3515 2398 67
Uruguay 334 4105 531 3515 2955 4345 2357 62

Antigua and 674,5 4105 4345 420 3395 3515 2631 70

Barbuda

Benin 402 485 4345 3715 3395 687,5 2720 73

Colombia 510,5 3455 379 3515 363 4345 2384 65
Costa Rica 3585 4105 4755 420 4475 4345 2547 68

Honduras 358,5 4105 379 519 5565 4345 2658 71
Mexico 5105 367 4755 3715 363 310 2398 66

Namibia 358,5 367 379 420 493 603,5 2621 69
Argentina 402 367 531 519 4475 502 2769 75

Montenegro 460,5 485 4755 468 339,5 4345 2663 72
Rwanda 510,5 3455 700,5 3715 394 502 2824 76

Serbia 674,5 568 4345 519 4475 3515 2995 79
Solomon Islands 549 4535 4345 420 4475 4345 2739 74

Sri Lanka 5105 568 4755 519 394 3875 2855 77
Bahamas, The 402 485 3195 627 5565 540,5 2931 78

Belarus 460,5 4105 588,5 588,5 556,5 502 3107 82
Djibouti 460,5 664,5 643 468 531 2495 3017 81

El Salvador 549 709 588,5 519 4475 4345 3248 87
Georgia 460,5 664,5 531 588,5 493 502 3240 85

Kazakhstan 460,5 485 588,5 519 493 603,5 3150 83
Pagﬁ;’:aew 549 568 588,5 519 394 3875 3006 80

Paraguay 549 485 531 588,5 493 540,5 3187 84
Ukraine 549 568 4755 588,5 5565 502 3240 85

Bangladesh 619 664,5 588,5 519 653,5 540,5 3585 98

Congo, Rep. 619 751 588,5 420 531 603,5 3513 94
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Table 3. Continued

Malta 160 143 379 2705 2625 4345 1650

Oman 2955 279 1995 3305 122 502 1729 49
Philippines 3585 279 3195 285 2055 1525 1690

Slovak Republic 2295 2495 379 2705 2955 310 1734 50
Slovenia 160 183 1095 285 304 3875 1609

Vietnam 2625 279 240 3305 2625 3875 1762 51
Brazil 334 279 4345 285 3395 310 1082

Bulgaria 2625 304 379 285 2955 310 1836 53
Cyprus 334 367 3195 3305 2625 310 1024

Hungary 402 304 1995 3515 2625 2495 1769 52
Kuwait 2295 183 2745 420 2055 6345 2037

Romania 402 3455 1995 285 2205 2495 1702 48
Botswana 2055 304 379 2705 394 3875 2031

Egypt, Arab Rep. 3585 3265 2745 420 4475 2495 2077 60
North Macedonia | 2625 3265 4755 3305 3395 310 2045

Panama 2955 2495 3195 3715 4475 3515 2035 57
f;szzi;‘oi?:a 402 4535 3195 420 3395 4345 2360

Chile 2955 367 531 3515 304 4345 2374 64
Indonesia 3585 3455 379 420 394 3875 2285

Peru 4605 485 3195 519 2625 3515 2398 67
Uruguay 334 4105 531 3515 2055 4345 2357

Antigua and 6745 4105 4345 420 3395 3515 2631 70

Barbuda

Benin 402 485 4345 3715 3395 687,5 2720

Colombia 5105 3455 379 3515 363 4345 2384 65
Costa Rica 3585 4105 4755 420 4475 4345 2547

Honduras 3585 4105 379 519 556,5 4345 2658 71
Mexico 5105 367 4755 3715 363 310 2398

Namibia 3585 367 379 420 493 603,5 2621 69
Argentina 402 367 531 519 4475 502 2769

Montenegro 460,5 485 4755 468 339,5 4345 2663 72
Rwanda 5105 3455 7005 3715 304 502 2824

Serbia 6745 568 4345 519 4475 3515 2095 79
Solomon Islands 549 4535 4345 420 4475 4345 2739

Sri Lanka 5105 568 4755 519 304 3875 2855 77
Bahamas, The 402 485 3195 627 556,5 5405 2031

Belarus 4605 4105 588,5 588,5 556,5 502 3107 82
Djibouti 4605 664,5 643 468 531 2495 3017

El Salvador 549 709 588,5 519 4475 4345 3248 87
Georgia 4605 664,5 531 588,5 493 502 3240

Kazakhstan 4605 485 588,5 519 493 6035 3150 83
Pagﬁ;’:aew 549 568 588,5 519 394 3875 3006

Paraguay 549 485 531 588,5 493 5405 3187 84
Ukraine 549 568 4755 588,5 556,5 502 3240

Bangladesh 619 664,5 588,5 519 6535 5405 3585 98
Congo, Rep. 619 751 588,5 420 531 6035 3513
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4.3. Comparison and Sensitivity Analysis

The thesis started with a more sensitive analysis of the World Bank report. This analysis aimed to assign different values to the
criteria using MCDM and show that the ORESTE method provides a structured, rational, consistent, and more agile approach to
decision problems. Each criterion was weighted according to the ENTROPY method. The ranking of 139 countries was analyzed
using the ORESTE method after applying the ENTROPY method to find the criteria weights. Different criteria weights were used
to demonstrate the method’s increased accuracy and agility. The decision matrix for the World Bank report was compiled. The
ORESTE method’s first step was to assign a sequence number to the criteria. The decision matrix was then standardized, and all
values were normalized between 0 and 1 using min (1) and max (5) values.

This subsection used a sensitivity analysis to validate the proposed approaches. To interpret the analysis more sensitively, the
criterion weights were found using all the steps of the ENTROPY method, then another analysis was performed taking each criterion
weight with equal importance to interpret it from a different perspective. Moreover, the criterion weights found in two different
studies with Criteria Importance Through Intercriteria Correlation (CRITIC) and Step-Wise Weight Assesment Ratio Analysis
(SWARA), which are different from the evaluations of the LPI made in the literature, were taken and analyzed using ORESTE to
the criterion weights from four different angles (Table 4). First, the criteria weights were determined using the ENTROPY method.
A second evaluation was carried out with equal weights assigned to each criteria. The third evaluation (Tiirkoglu and Duran,2023)
analyzed the criteria weights found by the CRITIC method in Regional Comprehensive Economic Partnership (RCEP) countries
using MCDM. As a fourth evaluation (Kisa and Ayc¢in, 2019), the logistics performances of OECD countries were analyzed using
the criteria weights found by the SWARA method.

Table 4. Criterion weights according to the cases considered

Criterion Weights

Considered Cases P1 P2 P3 P4 P5 P6
Base Case (by ENTROPY of current 0,185226 0,224795  0,121313 0,169444 0,184529 0,114693
study)

Case 1: Equal value criteria weights 0,166667 0,166667 0,166667 0,166667 0,166667 0,166667
Case 2: Turkoglu & Duran (2023) 0,27466  0,2957 0,27561 0,24949  0,27531  0,26886
Case 3: Kisa & Aygin (2019) 0,14 0,195 0,173 0,2 0,134 0,151

Table 5. Results of the ranking orders of the country concerning four cases.

COUNTRIES BASE CASE1 CASE2 CASE3 COUNTRIES BASE CASE1 CASE2 CASE3 COUNTRIES BASE CASE CASE 2 CASE3 COUNTRIES BASE CASE1 CASE2 CASE3
CASE CASE CASE 1 CASE
Singapore 1 1 1 1 Norway 26 26 26 26 Malta 45 45 45 45 Benin 73 74 73 73
Finland 2 2 2 2 South Africa 25 25 25 25 Oman 49 49 48 49 Colombia 65 66 65 64
Denmark 7 7 6 5 United 23 23 23 23 Philippines 46 46 47 46 Costa Rica 68 68 68 68
Kingdom
Germany 4 4 4 4 Estonia 30 30 30 29 Slovak 50 50 50 50 Honduras 71 71 71 72
Republic
The 5 8 7 8 Iceland 33 33 33 33 Slovenia 44 44 44 44 Mexico 66 67 67 67
Netherlands
Switzerland 3 3 3 3 Ireland 31 31 31 31 Vietnam 51 51 52 51 Namibia 69 69 70 70
Austria 9 9 9 9 Israel 24 24 24 24 Brazil 55 55 55 55 Argentina 75 75 75 75
Belgium 6 5 5 7 Luxembourg 29 29 29 30 Bulgaria 53 53 53 53 Montenegro 72 72 72 71
Canada 8 6 8 6 Malaysia 27 27 27 28 Cyprus 54 54 54 54 Rwanda 76 76 76 76
Hong Kong 10 10 10 10 New Zealand 28 28 28 27 Hungary 52 52 51 52 Serbia 79 80 79 80
SAR, China
Sweden 12 12 12 12 Poland 32 32 32 32 Kuwait 58 58 57 59 Solomon 74 73 74 74
Islands
United Arab 1 1 1 1 Bahrain 37 37 37 37 Romania 48 48 49 48 Sri Lanka 77 77 77 77
Emirates
France 16 15 16 16 Latvia 34 35 35 34 Botswana 56 56 56 58 Bahamas, The 78 78 78 78
Japan 15 16 15 15 Qatar 36 36 36 36 Egypt, Arab 60 60 60 60 Belarus 82 82 82 82
Rep.
Spain 14 14 14 14 Thailand 35 34 34 35 North 59 57 57 56 Djibouti 81 81 80 79
Macedonia
Taiwan, China 13 13 13 13 India 39 39 39 40 Panama 57 59 57 57 El Salvador 87 85 86 86
Korea, Rep. 18 18 18 18 Lithuania 41 41 40 39 Bosnia and 63 62 63 62 Georgia 85 86 85 85
Herzegovina
United States 17 17 17 17 Portugal 42 42 42 42 Chile 64 64 64 66 Kazakhstan 83 83 83 83
Australia 21 22 22 22 Saudi Arabia 39 40 41 41 Indonesia 61 61 61 61 Paraguay 84 84 84 84
China 20 21 21 20 Tarkiye 38 38 38 38 Peru 67 65 66 65 Ukraine 85 87 87 87
Greece 19 19 19 19 Croatia 47 47 46 47 Uruguay 62 63 62 63 Bangladesh 98 98 98 98
Italy 22 20 20 21 Czech 43 43 43 43 Antigua and 70 70 69 69 Papua New 80 79 81 81
Republic Barbuda Guinea
Congo, Rep. 9 9 95 95 Congo, Dem. 111 111 111 111 Bolivia 118 120 17 118 Madagascar 128 128 128 129
Rep.
Dominican 88 88 88 88 Ghana 107 108 108 108 Cambodia 119 118 119 119 Mauritania 123 124 123 124
Republic
Guatemala 91 91 90 92 Grenada 97 9% 97 96 Gabon 117 17 118 17 Syrian Arab 131 132 131 132
Republic
Guinea-Bissau 89 89 89 89 Guinea 105 106 105 106 Guyana 121 121 121 121 Venezuela, RB 127 127 126 127
Mali 92 92 92 91 Jamaica 102 103 102 104 Iraq 120 119 120 120 Cuba 133 133 133 133
Nigeria 96 97 96 97 Mauritius 920 90 91 90 Lao PDR 116 116 116 116 ‘Yemen, Rep. 129 129 130 128
Russian 95 95 94 94 Moldova 100 100 100 99 Liberia 115 115 115 115 Angola 134 134 134 134
Federation
Uzbekistan 93 93 93 93 Mongolia 113 113 113 113 Sudan 125 125 125 125 Cameroon 136 136 136 136
Albania 101 102 103 101 Nicaragua 108 107 107 107 Burkina Faso 130 130 129 130 Haiti 135 135 135 135
Algeria 112 112 112 112 Tajikistan 103 101 101 103 Fiji 132 131 132 131 Somalia 137 137 137 137
Armenia 106 108 106 105 Togo 104 104 104 102 Gambia, The 124 123 124 123 Afghanistan 138 138 138 138
Bhutan 114 114 114 114 Trinidad and 110 109 109 109 Iran, Islamic 122 122 122 122 Libya 139 139 139 139
Tobago X
Central African 929 99 99 100 Zimbabwe 109 110 110 110 Kyrgyz 126 126 127 126
Republic Republic

79
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Table 5 shows the country rankings analyzed with the ORESTE method using the proposed method (ENTROPY), the equal
importance of each criterion, and the criterion weights of CRITIC and SWARA methods studied in the literature. The studies in the
literature supported the proposed method, and the fact that there was no significant difference in country rankings demonstrated
that the method was agile. Although the country rankings were unclear in the World Bank data, the methods used to rank each
country differed. Libya had the lowest LPI score in each method, whereas Singapore showed the highest.
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Figure 2. Sensitivity analysis results.

Figure 2 shows the comparison of 139 countries according to the aforementioned four analyses and with the World Bank. The
World Bank data do not clearly rank these countries, but the four analyses ranked each country, with no significant difference with
the World Bank data. The data in the literature support the proposed method.

5. Conclusion and Recommendations

This study analyzed the logistics, one of today’s most important topics, and the LPI, one of its fundamental steps, were analyzed
using scientific methods. The World Bank report implemented a scoring system based on expert opinions, and the countries’ LPI
scores were calculated for each criterion by taking the final average. The need for a more objective and precise re-assessment of the
evaluation, based on examining the World Bank report, prompted the adoption of an unused method in the literature, making the
study unique and allowing for a meticulous analysis of the assessment. The study was re-analyzed objectively without needing an
expert, taking criterion weights from four perspectives. The country rankings were analyzed while keeping the ORESTE method
constant in terms of criterion weights. When compared to World Bank data, it was discovered that there is no clear ranking for each
country, and in some cases, more than one country has the same ranking. However, each country’s ranking differs in the proposed
methods depending on the criteria weights used. Future research could improve the literature by using fuzzy logic to determine
criteria weights, investigating country groups, and expanding the analysis beyond rankings to provide a comprehensive evaluation
of logistics performance. Longitudinal studies can be used to analyze the dynamics of countries’ logistics performance over time.
Examining these trends and changes in logistics performance over time can help identify the primary drivers of change, assess
the impact of policy interventions on logistics performance, incorporate sustainability metrics and indicators into the assessment
framework, and broaden the analysis. This could include evaluating the environmental and social impacts of logistics activities, such
as carbon emissions, resource use, and working conditions, to gain a more comprehensive understanding of logistics performance.
Finally, by evaluating the LPIs of the countries, the most exported countries can be identified, their logistics performance can be
thoroughly analyzed, and exporters can view the logistics performance analysis of the countries to which they will export.
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ABSTRACT

This paper introduces a pioneering model designed to evaluate the readiness and maturity of smart-lean manufacturing by
seamlessly integrating sustainability principles. In the dynamic landscape of Industry 4.0, where digitalization and connectivity
redefine manufacturing paradigms, the convergence of smart and lean principles emerges as a powerful strategy. However, existing
frameworks often lack a comprehensive approach that incorporates sustainability. Our model addresses this gap, systematically
assessing organizations’ smart-lean manufacturing capabilities and their alignment with sustainability goals.

The proposed model employs a novel algorithm to assess the relationship between the maturity of smart and lean tools and their
economic, social, and environmental contributions. Through a carefully designed process, decision-makers determine correlation
ratings, evaluate tool maturity, and calculate contribution gaps, providing a roadmap for prioritized implementation. To illustrate
the model’s applicability, an anonymous case study is presented, showcasing the step-by-step application of the algorithm.

This contribution is significant for enterprises seeking operational excellence and competitive advantage in the Industry 4.0
era. By incorporating sustainable lean principles into the smart-lean framework, our model guides organizations in enhancing
their capacity development and making informed investment decisions. This paper not only advances academic discourse but also
offers a practical tool for industry practitioners navigating the complexities of smart-lean manufacturing, ensuring a sustainable
and environmentally responsible approach in the pursuit of long-term performance improvements.

Keywords: Smart manufacturing, lean manufacturing, smart-lean capabilities, smart-lean maturity, smart-lean sustainability,
readiness and maturity model

1. Introduction

The global manufacturing industry is currently undergoing a profound transformation, driven by technological advancements,
evolving customer demands, and an increasing awareness of the imperative for sustainability (Benkhati et al., 2023; Dahmani et
al., 2021; Shahin et al., 2020). In the era of Industry 4.0, characterized by digitalization and connectivity that revolutionize product
design, production, and delivery processes, the integration of smart manufacturing and lean principles has emerged as a potent
strategy for achieving operational excellence and gaining a competitive advantage (Trevifio-Elizondo et al., 2023).

The advent of Industry 4.0 signifies a paradigm shift, with smart manufacturing leveraging advanced technologies such as
the Internet of Things (IoT), artificial intelligence (Al), robotics, and big data analytics (Shahin et al., 2020). Through these
technologies, smart manufacturing facilitates real-time data collection, analysis, and decision-making, resulting in improved
productivity, enhanced quality, and increased flexibility and responsiveness across production systems. This holistic approach
optimizes the entire manufacturing value chain, encompassing design, production, supply chain management, and customer
service (Shahin et al., 2020).

Concurrently, lean manufacturing has long been acknowledged as a highly effective methodology for waste elimination, efficiency
improvement, and the delivery of superior-quality products at reduced costs (Shahin et al., 2020). Emphasizing continuous
improvement and the elimination of non-value-added activities, lean principles enable organizations to achieve operational
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excellence. This is realized through a relentless pursuit of perfection, engaging all employees in problem-solving and process
improvement initiatives (Shahin et al., 2020).

Despite the individual merits of smart and lean manufacturing, a critical need exists for a comprehensive model that integrates
both approaches with a sustainability perspective (Benkhati et al., 2023; Dahmani et al., 2021; Trevifio-Elizondo et al., 2023).
Such a model would enable enterprises to evaluate their readiness and maturity in adopting a combined smart-lean manufacturing
approach. Addressing this gap, this paper proposes a novel model that incorporates sustainable lean principles into the existing
smart-lean framework. This model serves as a roadmap for organizations, aiding in the enhancement of their capacity development
and informed investment decision-making. The overarching goal is to facilitate enduring performance improvements, successful
lean implementations, and the adoption of a sustainable and environmentally responsible approach (Benkhati et al., 2023; Dahmani
etal., 2021).

The integration of smart and lean manufacturing presents a compelling proposition for organizations in the Industry 4.0
era, where smart manufacturing provides digital infrastructure and advanced technologies, while lean principles contribute a
systematic approach to process improvement and waste elimination (Shahin et al., 2020). Together, these approaches can drive
significant productivity, quality, and responsiveness improvements. This integrated strategy positions organizations to adapt swiftly
to changing customer demands and dynamic market conditions (Shahin et al., 2020).

The primary objective of this paper is to propose a novel model that integrates smart-lean capabilities with sustainability
principles. This model aims to assess an organization’s readiness and maturity in adopting smart-lean manufacturing practices.
The subsequent sections delve into the background and rationale for integrating smart and lean manufacturing, outlining the benefits
and challenges associated with this approach. Additionally, the paper discusses its objectives, which include the development of
a readiness and maturity model, the incorporation of sustainable lean principles, and the provision of a roadmap for capacity
development. The proposed model’s key components, assessment criteria, and integration of smart, lean, and sustainability
principles are presented in detail, followed by a discussion of potential implications and benefits. The paper concludes by
emphasizing the significance of the proposed model and suggesting avenues for future research.

2. Research Framework

In this section, we present a literature review on smart manufacturing tools, lean manufacturing tools, and smart and lean
sustainability, subsequently. Afterward, we highlight the literature gap.

2.1. Smart Manufacturing Tools

The concept of "smart manufacturing" refers to fully integrated, cooperative production systems that rapidly adapt to changing
customer demands and conditions in the production systems, the supply chain, and the expectations of customers (NIST, 2018).
Smart manufacturing aims to use the proper techniques to increase the production and quality performance of existing manufac-
turing environments. The ability to produce a variety of products in small batches and increase productivity and yield rate are two
examples of enhancements that smart manufacturing provides (Chien et al., 2017). Smart production aims to make production
processes more flexible and resource-efficient. Smart products and smart factories are two essential components of smart produc-
tion (Dhungana et al., 2015). Smart manufacturing is a technology-driven strategy that streamlines every step of production and
management, employing the proper embedded technologies for manufacturing processes. It aims to automate operations and use
data analytics to optimize system performance and increase effectiveness and efficiency (Ku et al., 2020). Smart manufacturing
systems use emerging technologies to reshape and optimize the production process. These smart technologies are shown in Figure
1.

Industry 4.0 combines advanced control systems and internet technology to enable communication among workers, objects,
and manufacturing systems. The core idea behind Industry 4.0 is to use the capacity of cyber-physical systems to give intelligence
and communication for artificial, technical systems that are called smart systems (Anderl, 2014). Smart production aims to make
production processes more adaptable and resource-efficient. Smart production has two essential foundations: smart products and
smart factories (Dhungana et al., 2015).
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Figure 1. Smart technologies reshaping the production process (Source: Demir et al., 2020)
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2.2. Lean Manufacturing Tools

Lean Manufacturing (LM) is a production philosophy that involves minimizing waste and eliminating non-value-added tasks to
better use resources, increase productivity, maximize quality, and lower costs (Abobakr et al., 2022). Lean manufacturing comprises
extensive techniques that eliminate Ohno’s seven wastes (e.g., overproduction, waiting, transportation, over-processing, inventory,
movement, and defects) and create leaner, more flexible, and more customer-responsive companies. When a lean manufacturing
system is appropriately implemented, less inventory and labor force are used, less space is needed, and less investment is made.
Lean manufacturing techniques remove ambiguities and disorders in traditional manufacturing environments and help employees
work comfortably, safely, and with greater confidence (Demir and Paksoy, 2023).

The impact of lean principles on sustainability has been extensively studied in the literature. Afum et al. (2021) focus on
how lean production, internal green practices, green product innovation, and sustainable performance metrics interact with one
another. Ali et al. (2020) investigate the effects of lean, Six Sigma, and environmental sustainability on SMEs’ performance. Alves
and Alves (2015) introduce a production management model incorporating sustainability and lean manufacturing principles. The
cultural transformation in the firm supports the proposed model and uses lean manufacturing tools to reduce waste and increase
productivity. Cherrafi et al. (2016) review and deliver an analysis of the existing papers in the literature that focus on incorporating
lean manufacturing, Six Sigma, and sustainability. Ben Ruben et al. (2020) examine the relationship between Lean Six Sigma
and sustainability measures and their impact on enhancing organizational performance using the structural equation modeling
(SEM) technique. Burawat (2019) explores the structural relationship between sustainable and transformational leadership, lean
manufacturing techniques, and sustainability performance in the Thai manufacturing sector.

The terms lean and green are frequently used together in literature. Cherrafi et al. (2017) introduce a model that helps companies
to successfully implement Green, Lean, and Six Sigma strategies to enhance their sustainability performance. Cherrafi et al. (2019)
introduce a Gemba-Kaizen-based framework combining Lean and Green practices. Choudhary et al. (2019) present a novel Green
Integrated Value Stream Mapping model that applies lean and green paradigms and assesses a manufacturing system’s operational
efficiency and carbon footprint. Ciannella and Sansos (2022) examine how employee social sustainability (ESS) dimensions are
affected by lean manufacturing techniques. The authors apply an AHP model to prioritize eight lean manufacturing tools and four
ESS dimensions. Demir and Paksoy (2023) investigate lean manufacturing tools (see Table 1) and propose a multidimensional
lean maturity model.
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Table 1. Lean Manufacturing Tools

Lean Management
Tool

Description

Value Stream
Mapping (VSM)

VSM is a lean tool that aids in understanding the flow of material and information
through every step of a manufacturing process. The purpose of VSM is to detect and
eliminate waste by implementing a future state value stream that can turn into reality in a
short time (Chaple and Narkhede, 2017).

Pareto Chart

Pareto chart is a frequency block diagram displaying the relative frequency of
different attributes in descending order (Grosfeld-Nir et al., 2007).

Spaghetti Plot

Spaghetti plot is a method to view the movement of an object, such as a worker or
material, in a system with the help of a line (Senderska et al., 2017).

Genchi Genbutsu

Genchi genbutsu is one of the critical elements of the TPS, and it means going and seeing
the real facts in the actual workplace for a complete and careful understanding of a
situation (Gao and Low, 2014).

Jidoka

The Japanese word Jidoka means intelligent automation" or "autonomous automation."
The main objective of Jidoka is to establish small and autonomous control cycles to
monitor and detect defective products and prevent them from being disseminated (Deuse
et al., 2020).

Just-in-time (JIT)

JIT is an operating concept that aims to eliminate waste and make the process more
efficient. It was developed in the 1950s and achieved significant success at Toyota (Canel
et al., 2000).

Total Productive

TPM is a manufacturing approach that aims to maximize the effective use of equipment

Maintenance (TPM) by means of the participation and motivation of all workers (Cua et al., 2001).

Kanban The Japanese word Kanban means "card" or "sign", and in lean practices, Kanban refers
to control cards used in a pull system. Kanban is a visual control system that aims to
eliminate waste such as overproduction, increase flexibility and agility in response to
volatile customer demand, and reduce cost by eliminating waste (Arbulu et al., 2003).

Daily Management DM is a continuous process that allows people to visualize whether the work is done in

System (DM) the right way and whether the performance is good enough or not to achieve the expected

business performance (Ferro and Gouveia, 2015).

One-Piece-Flow

One-Piece Flow refers to moving one part at a time between sequential operations in a
production process. One-Piece Flow production system emphasizes factors such as
sequencing, setup time, and make-to-order policy during production scheduling (Sundar
etal., 2014).

Cellular Cellular manufacturing refers to the physical division of a facility's machinery into

Manufacturing production cells, each aiming to produce a family of parts (Drolet et al., 1996).

Heijunka Heijunka is a sequencing discipline that aims to balance the production of different
products over a certain period to achieve a constant flow of various parts in a
manufacturing system (Furmans, 2005).

Computer Integrated CIM aims to develop superior IT solutions and establish a foundation for the

Manufacturing (CIM) | implementation of integrated and computerized systems into manufacturing processes
(Delaram and Valilai, 2018).

SMED In Japan, SMED was developed by Shigeo Shingo in the 1950s in response to increasing
flexibility in customer demand and a requirement to produce smaller lot sizes. This
method is rapid and efficient for converting a manufacturing process from running the
current product to running the next product (Ulutas, 2011).

Poka Yoke Poka Yoke is a quality management technique that helps prevent human errors in a

production line. The Japanese word Poka Yoke means "avoiding inadvertent errors."
Shigeo Shingo developed this technique to eliminate defective products (Malega, 2018).

Visual Management
(VM)

VM is a lean tool that helps workers track their jobs and assess whether they are being
done correctly. Hence a worker can know whether the activity is being carried out safely
or might cause an injury. Some VM systems are information boards, space boundaries,
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Table 1. Continued

and andons which are electronic panel systems that notify employees when a problem
occurs (Sa et al., 2021).

5S

The 5S method is a lean management tool to create a highly efficient, organized, and
ergonomic working environment. 5S is the shortened form of five words that represents
the concept: Seiri (selection), Seiton (systematization), Seiso cleaning), Seiketsu
(standardization), and Shitsuke (self-discipline) (Falkowski and Kitowski, 2013).

ABC Analysis

ABC analysis is an inventory categorization method that classifies inventory items into
three groups: A, B, and C. Category A items are the most valuable and fast-moving
items, category B items are of lower value than category A items, and category C items
are the least valuable and slow-moving items (Nallusamy, 2016).

Andon

Andon is a visual management device that shows the status of operations in a system and
signalizes any abnormality (Kemmer et al., 2006).

Pull System

Pull system is the application of just-in-time system to material management where the
amount and time of material flow are determined based on the actual utilization rate of
material. Toyota uses Kanban to operate the pull system (Kim, 1985).

Customer Relationship
Management (CRM)

CRM is a strategic management technique that merges the potential of IT and
relationship marketing strategies to develop strong relationships with key customer
segments and build an efficient value chain (Payne, 2012).

Suggestion System

Suggestion system is a management technique that aims to encourage the employees to
be active in a process by empowering them to present their ideas and suggestions through
surveys, meetings, and suggestion forms (Schroders and Cruz-Machado, 2015).

Takt Time Takt time is a metric used to synchronize manufacturing and sales velocity. It represents
the frequency in which a product needs to be manufactured to meet a customer's demand
(Chaple and Narkhede, 2017).

5 Whys Analysis Five whys analysis is a lean management technique to identify the root cause of a

specific problem by asking why the problem happens until finding the root cause (Chen
et al., 2010).

Problem-solving
Methods

Problem-solving methods are necessary tools for the management and process
improvement efforts. The first step of problem-solving is to rapidly identify the root
cause of the problem and implement an appropriate solution that guarantees that the
problem will not occur in the future (Wojtaszak and Bialy, 2015).

Ishikawa Diagram
(Fishbone Diagram)

The Ishikawa diagram shows the relationship between an effect or problem and its
potential causes. It allows the categorization of the causes and produces good results in a
short time since the visual representation is easy to construct. This diagram is also called
a fishbone or cause-effect diagram (Iuga and Rosca, 2017).

Scatter Diagram

Scatter plot is a tool that shows how two variables are related to one another. These plots

(Scatter Plot) help detect the amount of correlation, or the degree of linear relationship, between two
variables (Syduzzaman et al., 2014).

Workflow Diagram A workflow diagram is a basic visual layout of a business process that shows the
movement of material, identifies waste areas, and helps plan future improvements
(Wang, 2010).

Histogram A histogram is a graphical representation of recorded values in a data set based on their

frequency of occurrence (Lai and Cheng, 2016).

Quality control charts/
Process Capability

Quality control charts are graphs plotting the changes of a process in chronological order
(Abujudeh et al., 2017). PCA is a quality technique used to estimate the proportion of

Analysis (PCA) parts that do not meet engineering requirements in a stable production process (Gildeh
and Moradi, 2012).
Check Sheet Check sheet tables are used to record the frequency of defects or problems, and it is a

useful method of systematically recording, collecting, and illustrating data patterns from
observations (Lai and Cheng, 2016).

Source: Demir and Paksoy (2023)
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2.3. Smart and Lean (S-Lean) Sustainability: Literature Gap

Integrating smart technologies, lean principles, and sustainability considerations has gained significant attention in various
domains, including urban management, manufacturing, maintenance, and product design. However, there needs to be more
literature regarding a comprehensive road map or framework that outlines the strategic integration of these three dimensions.

Smart and lean manufacturing have emerged as key paradigms in contemporary industrial practices, offering innovative ap-
proaches to enhance operational efficiency, reduce waste, and improve sustainability. This literature review synthesizes insights
from several papers that delve into the integration of smart and lean principles, exploring their impact on various industries and
organizational processes. The study by Tsai et al. (2021) focuses on healthcare, introducing the application of Lean and Six Sigma
methodologies alongside smart technology to streamline perioperative management. This integration, guided by the DMAIC archi-
tecture, successfully reduced waiting times, enhanced process efficiency, and improved patient satisfaction. The findings emphasize
the potential of smart and lean integration in healthcare settings to deliver high-quality services while minimizing operational
inefficiencies (Tsai et al., 2021). In Mahmood and Montagna’s (2013) paper, a system-of-systems (SoS) approach is proposed to
make lean practices smarter. The integration of SoS principles aims to optimize manufacturing systems, though the paper lacks
detailed insights into practical implementations. However, it opens avenues for future research to explore the real-world application
and impact of such an integrated approach in diverse manufacturing settings. Bortolotti et al. (2023) contribute to the literature by
investigating the impact of integrating smart manufacturing into lean companies, specifically focusing on shop-floor employees’
autonomy and empowerment. The study employs the Job Characteristics Model, revealing that smart manufacturing supports job
rotation and enhances decision-making speed without compromising the principles of lean manufacturing. This research provides
valuable insights into maintaining "soft" lean practices while adopting smart manufacturing technologies, offering practical im-
plications for organizations aiming to enhance employee experiences (Bortolotti et al., 2023). The bicycle industry in Taiwan
serves as a case study in Li’s (2019) research, showcasing the practical implementation of "Lean Smart Manufacturing." Using
the case of GIANT, the study highlights the potential of balancing differentiation and open innovation through the establishment
of a co-creative platform. While still in the development stage, this case study presents a promising application of "Lean Smart
Manufacturing” in a competitive industry, demonstrating its potential to strengthen competitiveness through a strategic blend of
lean production and smart manufacturing (Li, 2019). Trevifio-Elizondo et al. (2023) propose a maturity model for organizations to
become smart by integrating Lean and Industry 4.0. This model provides a roadmap for organizations to transition towards smart
operations, emphasizing Lean as a key enabler for driving Industry 4.0 adoption. By structuring the types of Lean principles,
methods, and tools alongside Industry 4.0 technologies, the model offers a comprehensive guide for organizations seeking to evolve
into smart entities (Trevifio-Elizondo et al., 2023). The study by Tripathi et al. (2023) explores the integration of lean, green, and
smart manufacturing for enhancing sustainability on the shop floor in Industry 4.0. The novel framework presented in this research
demonstrates significant improvements in productivity, machinery utilization, and environmental impact. The integration of smart
manufacturing features with lean and green practices offers a holistic approach to sustainability in manufacturing operations
(Tripathi et al., 2023). The interplay between smart, lean, and resilient manufacturing is investigated by Benkhati et al. (2023),
exploring their linkages for sustainable development. The research reveals the moderating effect of smart manufacturing on the
relationship between lean manufacturing and resilience. The findings suggest that smart manufacturing enhances the components
of a sustainable system, allowing firms to achieve both lean and resilient capabilities for high sustainable performance (Benkhati
et al., 2023). Shahin et al. (2020) contribute to the literature by providing a comprehensive review of the links between Lean
practices and Industry 4.0 technologies. The study explores existing and potential enhancements of Lean practices enabled by
Industry 4.0 technologies such as wireless networks, big data, cloud computing, and virtual reality. The paper emphasizes the
integration of a cloud-based Kanban decision support system as a real-world demonstrator, showcasing the practical application of
Industry 4.0 technology alongside a major Lean tool (Shahin et al., 2020). The paper by Schmiedbauer et al. (2020) addresses the
evolving complexity of asset and maintenance management in the context of Industry 4.0. The Lean Smart Maintenance (LSM)
maturity model is extended to incorporate aspects of digitization and digitalization. The study contributes to understanding the
influence of cyber-physical systems, data management, and condition monitoring on industrial asset management, highlighting
the need to adapt existing models to the changing landscape of Industry 4.0 and data science (Schmiedbauer et al., 2020). The
integration of lean design, eco-design, and Industry 4.0 for smart circular product design is explored by Dahmani et al. (2021).
The proposed framework emphasizes the importance of decisions made during the product design stage in achieving sustainability
throughout the product life cycle. The study provides insights into the synergistic use of lean, eco-design, and Industry 4.0, offering
a structured and methodological approach to designing eco-efficient products (Dahmani et al., 2021). The book chapter by Akbal
and Dogan (2023) explores lean and smart supply chain management in healthcare. The authors emphasize the significance of
supply chain functions in healthcare settings, highlighting the role of smart and lean practices in ensuring a continuous and efficient
flow of materials and services. The integration of smart and lean principles in supply chain management is presented as crucial for
maintaining operational effectiveness in healthcare organizations (Akbal & Dogan, 2023). Rahardjo et al. (2023) present a novel
Smart and Sustainable Manufacturing System (SSMS) that integrates Industry 4.0 technologies and Lean Manufacturing tools. The
authors introduce Dynamic Lean 4.0 tools, such as Sustainable Value Stream Mapping, Extended Single Minute Exchange of Die,
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and Digital Poka-Yoke, as outputs of synergistic relationships that optimize production processes. The case study presented in the
paper demonstrates the practical implementation of SSMS, indicating improvements in process capability and various operational
metrics (Rahardjo et al., 2023). The review by Touriki et al. (2021) investigates an integrated framework that combines smart,
green, resilient, and lean manufacturing for sustainable development. Drawing on a hybrid methodology, the study explores the
moderating effect of smart manufacturing on the relationship between lean and resilient manufacturing. The findings suggest that
smart manufacturing fosters a synergy that enables firms to be both lean and resilient, contributing to high sustainable performance
(Touriki et al., 2021). In summary, the integration of smart and lean manufacturing practices offers a multidimensional approach to
enhance efficiency, sustainability, and competitiveness across various industries. While each study contributes unique insights and
perspectives, a common thread emerges: the potential synergies between smart and lean principles hold promise for organizations
seeking to navigate the complexities of contemporary manufacturing environments.

Several studies emphasize the integration of smart technologies and lean principles to enhance operational performance in
various contexts. For instance, RoBler (2017) proposes the Smart Factory Assessment (SFA) methodology, which combines lean
and digital manufacturing principles to assess and improve production and logistics systems. Bokhorst et al. (2022) explore
the adoption of smart manufacturing technologies in conjunction with lean principles, highlighting the necessity of lean for
successful smart implementation. Hosseinizadeh Mazloumi et al. (2023) present a model for designing a synchronizer module
in computerized maintenance management system (CMMS) software based on lean, smart maintenance and process mining,
emphasizing the importance of internal integration, measurement, and improvement in maintenance processes. These studies
demonstrate the potential synergies between smart technologies and lean principles in achieving operational improvements but do
not explicitly explore lean smart maintenance’s sustainability perspective.

The literature also recognizes the importance of integrating sustainability considerations into smart and lean practices. Dahmani
et al. (2021) discuss combining lean design, eco-design, and Industry 4.0 technologies to develop eco-efficient products based
on circular economy strategies. Fiorello et al. (2023) propose a smart lean green production paradigm that leverages Industry
4.0 tools to improve operational performance while addressing environmental impacts. These studies highlight the need to align
smart and lean practices with sustainability goals, emphasizing the role of green principles and eco-design approaches. Despite
the growing interest in smart and lean practices with a sustainability perspective, there needs to be more comprehensive road maps
or frameworks that guide organizations in strategically integrating these dimensions. The literature offers valuable insights into
specific aspects of this integration, such as the application of lean principles to evaluate the smartness of cities (Herscovici, 2018)
or the incorporation of sustainability in the design of smart and lean production systems (Biedermann et al., 2016). However,
a comprehensive road map encompassing the scope of smart lean sustainability still needs to be included. Such a road map
could outline the stages of adoption, identify critical success factors, and guide the selection and implementation of smart and
lean practices to achieve sustainability objectives. Furthermore, the road map should account for contextual factors, such as
industry-specific challenges, organizational capabilities, and stakeholder engagement.

3. Methodology

This subsection describes our methodology by providing detailed information on the sampling strategy, respondent qualifications,
and data collection methods.

3.1. Sampling Strategy

Our study employed a purposive sampling strategy to ensure that participants had relevant experience and expertise in smart-lean
manufacturing practices within the context of sustainability. The participants were selected based on their roles in the case study
company, including managers, engineers, and practitioners directly involved in the implementation of smart and lean principles.
This approach aimed to gather insights from individuals with a comprehensive understanding of the integration of smart-lean
practices and sustainability in manufacturing operations.

3.2. Respondent Qualifications

The qualifications of the respondents played a crucial role in providing valuable and informed perspectives. Participants were
required to have a minimum of five years of experience in roles related to manufacturing, with a focus on smart and lean
initiatives. The qualifications ensured that respondents possessed in-depth knowledge and practical insights into the challenges
and opportunities associated with the integration of smart and lean manufacturing principles from a sustainability standpoint.
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3.3. Data Collection

Data collection for this study involved a questionnaire with sample company experts to gather quantitative evaluations and obtain
a comprehensive understanding of the research questions. The conduction of the questionnaire aimed to provide a robust dataset
for the analysis of the integration of smart and lean manufacturing practices with a sustainability perspective.

4. Proposed Model

This conceptual model evaluates the relationship between the maturity of smart and lean tools and their economic, social, and
environmental contributions to sustainability. The decision-maker determines a correlation rating of 1 to 5 between the dimensions
of sustainability and smart and lean tools. A smart or lean tool’s current maturity level indicates a gap that needs to be filled.
To understand the potential impact of bridging this gap on sustainability, we multiply the relational values for each dimension by
the gap value and sum them up. The resulting prioritization score indicates a smart or lean tool’s significance and guides us to
develop a roadmap for its implementation. Next, the steps of computing the smart and lean tools’ priority score for road mapping
are summarized in the present sub-section:

Step 1. Establishing the smart and lean tools’ sustainability contributions: The computations start by determining the
relationship between smart and lean tools and their economic, social, and environmental contributions to sustainability. The
decision-maker rates these correlations on a scale of 5, where 1 indicates a weak relationship, and 5 indicates a strong relationship.
Each dimension is calculated by averaging a set of indicators. The indicators are presented in Table 2.

Table 2. Indicators of sustainability dimensions

Sustainability Dimension Indicators

Environmental Al. Waste

A2. Pollution

A3. Emission

A4. Land use

AS. Energy use

A6. Natural resource use
A7. Reuse

A8. Recycling

Economic B1. Cost

B2. MLT

B3. OEE

B4. Inventory turnover

BS. Facility space use

B6. Damage and loss

B7. Stock-exchange value
B8. Sales revenue

Social C1. Social responsibility
C2. Perks and bonuses

C3. Positive work environment
C4. Occupational health and safety
CS5. Career development
C6. Job satisfaction

C7. Job security

C8. Flexible work schedule

Step 2. Evaluating the smart and lean tools’ maturity: The smart and lean tools’ maturity level is assessed by taking the
geometric mean of its dimension scores (asset/tool status, application status, and adoption status). The maturity score indicates
the degree of tools and how they are appraised regarding smartness and lean maturity.

Step 3. Calculating the contribution gap: The contribution gap is determined by subtracting the current maturity level from
the ideal level which equals 5 on a scale of 1 to 5. The methodological framework highlights the importance of bridging the gap
between the current tool maturity and the desired level. A higher gap score means higher priority since a higher score indicates
that a more significant gap exists between the desired and target levels.

Step 4. Analyzing the impact on sustainability: To understand the potential impact of closing the contribution gap on sustain-
ability, the relational values (correlation ratings) for each dimension (economic, social, and environmental) are multiplied by the
contribution gap. For each dimension of sustainability, we took the weight equal and then multiplied by the gap. However, if the
decision maker wishes, he or she can weigh the three dimensions separately such that the sum becomes 1 and then multiply the
relation values by weights and the gap as: (individual weight of subdimension of sustainability) * (relation values) * (gap).
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Step 5. Deriving the priority score: The prioritization score is obtained by summing up the products of the relational values
and the contribution gap for each sustainability dimension. This score indicates a smart or lean tool’s significance and potential
contribution to sustainability.

Step 6. Developing a roadmap: With a prioritization score, the smart and lean tools are given priority in the roadmap for
implementation. This roadmap will guide firms on incorporating smart and lean tools with the potential to positively impact
sustainability, offering both a measurement and a path to future development.

In the application of the proposed model, data was collected from a leading automobile spare parts manufacturing company,
referred to as “Auto Parts Innovate” for confidentiality. Due to the sensitive nature of the industry and company policies, specific
details regarding the location, size, and exact processes of AutoParts Innovate have been intentionally distorted to ensure the privacy
and security of the organization. AutoParts Innovate, founded in 2005 and headquartered in Turkey, is a prominent player in the
automobile spare parts manufacturing industry. Specializing in the production of high-quality components, the company offers a
diverse range of products, including engine components like pistons and camshafts, chassis parts such as suspension systems and
brake components, electrical components like alternators and starters, body and interior parts including bumpers and mirrors, and
transmission parts like clutches and gearboxes. Renowned for its commitment to innovation, Auto Parts Innovate integrates cutting-
edge technology into its manufacturing processes and invests significantly in research and development to maintain a competitive
edge. The company places a strong emphasis on quality assurance, subjecting all products to rigorous testing to ensure durability
and compliance with safety standards. With a global presence and distribution networks reaching key markets worldwide, Auto
Parts Innovate serves the needs of various automobile manufacturers and repair facilities. Additionally, the company prioritizes
environmental responsibility through eco-friendly practices, and it actively engages in corporate social responsibility initiatives,
contributing to local communities and supporting causes related to education, healthcare, and environmental conservation.

Furthermore, it is important to note that the data presented in Table 3 has been intentionally distorted and altered to comply
with the company’s policies and protect sensitive information. Table 3 provides a case study example to illustrate the application
of the proposed model. For the sake of simplicity and adherence to the company’s policies, we have obscured specific details
and distorted data. This anonymized example serves to demonstrate the practical application of the model within an industrial
setting while respecting the privacy and confidentiality of the involved company. The results indicate that simulation ranks as
the top priority for road mapping with a prioritization score of 35.578. Following closely, Heijunka secures the second-highest
prioritization score of 30.000, and additive manufacturing takes the third position with a prioritization score of 27.502. Figure 2
illustrates the methodological steps for the proposed model.

Figure 2. The methodological steps for the proposed method
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Table 3. Anonymous example

Environmental Economic Social Component | Gap Action Action Action Tool Action | Road Map

Sustainability | Sustainability | Sustainability Maturity Promi for | Promi Promi Prominence Priority

Contribution Contribution Contribution Environmental for for Social Score for Rank

Score Score Score Di i E i Di i Road Map
Di i

Atrtificial Intelligence 3.000 3.000 4.000 2.621 2.379 7.138 7.138 9.517 23.793 5
Augmented Reality 3.000 3.000 3.000 4.000 1.000 3.000 3.000 3.000 9.000 20
Cloud Computing 4.000 4.000 2.000 2.621 2.379 9.517 9.517 4.759 23.793 5
Cyber Security 4.000 5.000 5.000 3.634 1.366 5.463 6.829 6.829 19.121 8
Blockchain 2.000 4.000 3.000 3.000 2.000 4.000 8.000 6.000 18.000 11
System Integration 2.000 3.000 3.000 2.621 2.379 4.759 7.138 7.138 19.034 10
Internet of Things 3.000 2.000 2.000 3.302 1.698 5.094 3.396 3.396 11.887 18
Digital Twin 3.000 4.000 3.000 2.621 2.379 7.138 9.517 7.138 23.793 5
Simulation 3.000 3.000 4.000 1.442 3.558 10.673 10.673 14.231 35.578 1
Big Data Analytics 3.000 3.000 3.000 2.080 2.920 8.760 8.760 8.760 26.279 4
Aut Robots 3.000 4.000 2.000 3.420 1.580 4.740 6.320 3.160 14.220 15
Additive Manufacturing 5.000 4.000 4.000 2.884 2.116 10.578 8.462 8.462 27.502 3
Andon 3.000 4.000 3.000 3.302 1.698 5.094 6.792 5.094 16.981 12
Gemba 4.000 3.000 3.000 2.621 2379 9.517 7.138 7.138 23.793 5
Poka Yoke 3.000 3.000 3.000 3.000 2.000 6.000 6.000 6.000 18.000 11
Value Stream Mapping 3.000 4.000 3.000 2.884 2.116 6.347 8.462 6.347 21.155 7
5 Whys 3.000 2.000 3.000 3.634 1.366 4.097 2.732 4.097 10.926 19
Takt Time 2.000 4.000 3.000 3.302 1.698 3.396 6.792 5.094 15.283 13
Genchi Gent 3.000 3.000 3.000 2.884 2.116 6.347 6.347 6.347 19.040 9
Kanban 3.000 3.000 3.000 2.520 2.480 7.440 7.440 7.440 22.321 6
Hoshin Kanri 3.000 3.000 3.000 4.000 1.000 3.000 3.000 3.000 9.000 20
SMED 3.000 4.000 2.000 3.634 1.366 4.097 5.463 2.732 12.292 17
TPM 4.000 4.000 4.000 3.915 1.085 4.341 4.341 4.341 13.022 16
Heijunka 3.000 4.000 3.000 2.000 3.000 9.000 12.000 9.000 30.000 2

5. Conclusions and Discussions

The integration of sustainable lean principles with smart-lean tools has the potential to revolutionize manufacturing operations
and drive significant improvements in productivity, efficiency, and sustainability. This paper has explored the concept of smart-
lean manufacturing readiness and maturity from a sustainability perspective, highlighting the key factors and considerations for
successful implementation. By combining sustainable lean principles, which focus on eliminating waste, reducing environmental
impact, and promoting social responsibility, with smart-lean tools, such as advanced analytics, automation, and Internet of Things
(IoT) technologies, organizations can achieve enhanced operational excellence and competitive advantage. This integration enables
real-time data collection, analysis, and decision-making, leading to improved process optimization, resource utilization, and overall
performance.

The paper has discussed the importance of organizational readiness for smart-lean manufacturing, emphasizing the need for
leadership commitment, and employee engagement. It has also highlighted the significance of technology infrastructure, data
governance, and cybersecurity measures to successfully deploy and utilize smart-lean tools. In summary, combining sustainable
lean principles with smart lean tools presents a transformative opportunity for the manufacturing industry. By embracing this
integrated approach, organizations can enhance their competitiveness, achieve environmental sustainability goals, and contribute
to social well-being.

The integration of sustainable lean principles with smart-lean tools holds immense potential for revolutionizing manufacturing
operations and fostering substantial improvements in productivity, efficiency, and sustainability. Drawing on insights from the
studies conducted by Benkhati et al. (2023), Dahmani et al. (2021), Shahin et al. (2020), and Trevifio-Elizondo et al. (2023),
this paper has delved into the concept of smart-lean manufacturing readiness and maturity through a sustainability lens. It has
underscored the critical factors and considerations essential for the successful implementation of this integrated approach.

The synergy of sustainable lean principles, which center on waste elimination, reduced environmental impact, and social
responsibility, with smart-lean tools, encompassing advanced analytics, automation, and Internet of Things (IoT) technologies,
opens avenues for organizations to attain heightened operational excellence and competitive advantage (Benkhati et al., 2023;
Dahmani et al., 2021; Shahin et al., 2020). The amalgamation facilitates real-time data collection, analysis, and decision-making,
thereby fostering improved process optimization, resource utilization, and overall performance.

Throughout this exploration, the paper has emphasized the pivotal role of organizational readiness in smart-lean manufacturing.
Leadership commitment, employee engagement, robust technology infrastructure, data governance, and cybersecurity measures
have been identified as key prerequisites for the successful deployment and utilization of smart-lean tools. This aligns with
the findings of Trevifio-Elizondo et al. (2023), who highlight the importance of organizational maturity in becoming a smart
organization.
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The transformative opportunity presented by combining sustainable lean principles with smart lean tools cannot be overstated.
The studies by Benkhati et al. (2023), Dahmani et al. (2021), Shahin et al. (2020), Trevifio-Elizondo et al. (2023), Akbal and
Dogan (2023), Li (2019), Mahmood and Montagna (2013), and Tripathi et al. (2023) collectively underscore the potential of this
integrated approach to enhance competitiveness, achieve environmental sustainability goals, and contribute to social well-being.
As organizations in the manufacturing industry embrace this integrated model, they position themselves not only for operational
excellence but also as responsible contributors to a sustainable and socially conscious future.

6. Limitations and Future Research Directions

Additionally, in considering future avenues of exploration, it is recommended that researchers delve into industry-specific
applications, conduct longitudinal studies on implementation, explore emerging technologies, undertake global comparative
studies, employ quantitative analysis of sustainability impact, conduct in-depth case studies, and assess employee perspectives.
These recommendations aim to contribute to the evolving field of sustainable smart-lean manufacturing in the context of Industry
4.0.

We acknowledge several limitations in our study. First, our research is primarily focused on the manufacturing industry, limiting
the direct applicability of the proposed model to other sectors. The generalization of findings should be approached cautiously,
considering the specificities of different organizational contexts. Furthermore, the model’s applicability relies on existing literature
and conceptual analysis, lacking empirical validation from primary data collection in manufacturing organizations. The dynamic
nature of smart manufacturing technologies poses a challenge, requiring periodic updates to incorporate emerging advancements.
Additionally, while our model encompasses economic, social, and environmental dimensions, the specific sustainability metrics
may need customization based on industry and organizational factors. These limitations highlight areas for future research to
enhance the robustness and practicality of the proposed model.
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Appendix
Table 1. Appendix A. Questionnaire of Digital Transformation Maturity from a Sustainability Perspective

Digital Tool Asset/tool status Application Status Adoption Status Geometric Mean Gap
Artificial Intelligence 3 3 2 2.621 2.379
Augmented Reality 4 4 4 4.000 1.000
Cloud Computing 3 3 2 2.621 2.379
Cyber Security 4 4 3 3.634 1.366
Blockchain 3 3 3 3.000 2.000
System Integration 3 3 2 2.621 2.379
Internet of Things 4 3 3 3.302 1.698
Digital Twin 3 3 2 2.621 2.379
Simulation 3 1 1 1.442 3.558
Big Data Analytics 3 3 1 2.080 2.920
Autonomous Robots 5 4 2 3.420 1.580
Additive Manufacturing 4 3 2 2.884 2.116
Digital Tool Envir tal Sustainability E, i inabilit Social Sustainability

Al | A2 | A3 | A4 |[A5 | A6 |A7 | A8 |B1 | B2 |[B3 | B4 | B5 | B6 | B7 | B8 | C1 |C2|C3|C4|[C5|C6|CT7]|C8
Artificial Intelligence 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 14| 4 4 | 4141414
Augmented Reality 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Cloud Computing 4 14| 4 4 14| 4 4 14| 4 4 4 1 44| 4 4 4 |2 2 2 2 2 2 2 2
Cyber Security 4 | 4| 4 4 | 4| 4 4 | 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Blockchain 2 2 2 2 2 2 2 2 4 4 4 1 44| 4 4 4 3 3 3 3 3 3 3 3
System Integration 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Internet of Things 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Digital Twin 3 3 3 3 3 3 3 3 4 4 1414 4 4 4 | 4 3 3 3 3 3 3 3 3
Simulation 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 14| 4 4 | 4141414
Big Data Analytics 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Autonomous Robots 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 2 2 2 2 2 2 2 2
Additive Manufacturing S 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Al. Waste B1. Cost C1. Social responsibility

A2. Pollution B2. MLT C2. Perks and bonuses

A3. Emission B3. OEE C3. Positive work environment

A4. Land use B4. Inventory turnover C4. Occupational health and safety

AS. Energy use BS. Facility space use CS. Career development

A6. Natural resource use B6. Damage and loss C6. Job satisfaction

A7. Reuse B7. Stock-exchange value C7. Job security

A8. Recycling B8. Sales revenue C8. Flexible work schedule

0=N/A 1=Very Low 2=Low 3=Moderate 4=High 5=Very High

Table 2. Appendix B. Questionnaire of Lean Manufacturing Maturity from a Sustainability Perspective

Lean Tool Asset/tool status Application Status Adoption Status Geometric Mean Gap
Andon 4 3 3 3.302 1.698
Gemba 3 3 2 2.621 2.379
Poka Yoke 3 3 3 3.000 2.000
Value Stream Mapping 4 3 2 2.884 2.116
5 Whys 4 4 3 3.634 1.366
Takt Time 4 3 3 3.302 1.698
Genchi Genbutsu 4 3 2 2.884 2.116
Kanban 4 2 2 2.520 2.480
Hoshin Kanri 4 4 4 4.000 1.000
SMED 4 4 3 3.634 1.366
TPM 5 4 3 3.915 1.085
Heijunka 4 2 1 2.000 3.000
Lean Tool Envir al Sustainability E ic Sustainabilit; Social Sustainability

Al | A2 | A3 | A4 | A5 | A6 | A7 |A8 | Bl | B2 | B3 [B4 | B5  B6 | B7 | B8 | C1 |C2|C3|C4|C5|C6|C7|C8
Andon 3 3 3 3 3 3 3 3 4 4 4 | 4 4 4 4 4 3 3 3 3 3 3 3 3
Gemba 4 4 4 4 4 4 4 | 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Poka Yoke 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Value Stream Mapping 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3
5 Whys 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3
Takt Time 2 2 2 2 2 2 2 2 4 4 | 4| 4 4 | 4 4 4 3 3 3 3 3 3 3 3
Genchi Genbutsu 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Kanban 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Hoshin Kanri 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
SMED 3 3 3 3 3 3 3 3 4 4 141 4 4 4 4 4 2 2 2 2 2 2 2 2
TPM 4 4 4 4 4 4 4 | 4 4 4 | 4| 4 4 4 4 4 4 4 4 4 4 4 4 | 4
Heijunka 3 3 3 3 3 3 3 3 4 4 4 | 4 4 4 4 4 3 3 3 3 3 3 3 3

Al. Waste BI. Cost C1. Social responsibility

A2. Pollution B2. MLT C2. Perks and bonuses

A3. Emission B3. OEE C3. Positive work environment

A4. Land use B4. Inventory turnover C4. Occupational health and safety

AS5. Energy use BS. Facility space use C5. Career development

A6. Natural resource use B6. Damage and loss C6. Job satisfaction

A7. Reuse B7. Stock-exchange value C7. Job security

A8. Recycling BS. Sales revenue C8. Flexible work schedule

0=N/A 1=Very Low 2=Low 3=Moderate 4=High 5=Very High
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0Z

Kiiresel dlcekte ortaya cikan ekonomik, siyasi, sosyal ve jeopolitik olaylar gibi belirsizliklerden kaynaklanan risklerin reel
ve finansal piyasalar iizerinde etkileri bulunmaktadir. Ozellikle finansal krizler, politik ve ekonomik olaylar gibi belirsizlik
faktorlerine piyasanin nasil tepki vereceginin belirlenmesi risk yonetimi stratejilerinin gelistirilmesi acisindan Snemlidir. Bu
calisma, BIST ulastirma endeksine odaklanarak belirsizliklerin hisse senetleri iizerine olan simetrik ve asimetrik etkilerinin
arastirilmasi amaglanmaktadir. Bu amacla, Mayis 2013 — Eyliil 2023 donemi aylik verileri kullanilarak jeopolitik risk (GPR)
endeksi ve kiiresel ekonomik politika belirsizligi (GEPU) endeksi ile BIST ulastirma endeksi (XULAS) ve ulastirma endeksinde
yer alan sirketler arasindaki nedensellik iligkisi Hacker ve Hatemi-J Boostrap (2006) nedensellik testi ve Hatemi-J (2012) asimetrik
nedensellik testi ile arastirilmistir. Analizden elde edilen bulgular sonucunda jeopolitik risk endeksi ve BIST ulastirma endeksi ile
GEPU ve XULAS arasinda karsilikli nedensellik iligkisi oldugu belirlenmistir. Hatemi-J (2012) asimetrik nedensellik testi ile hem
GPR hem de GEPU endeksinde ortaya ¢ikan pozitif soklarin BIST ulastirma endeksi ve ulastirma endeksinde yer alan sirketlerin
hisse senetlerindeki negatif soklarin nedeni oldugu sonucuna ulasilmistir. Bununla birlikte, GEPU endeksindeki negatif soklardan
BIST ulastirma endeksindeki pozitif ve negatif soklara dogru nedensellik iligkisi tespit edilmistir. Arastirmada, yatirimcilarin GPR
ve GEPU endeksindeki degisimleri izlemesinin risk yonetimi a¢isindan gerekli oldugu ortaya ¢ikmaisgtir.

ABSTRACT

Uncertainties arising from global economic, political, social, and geopolitical events affect real and financial markets. Determining
the market’s reaction to uncertainties, such as financial crises and political and economic events, is important for developing risk
management strategies. This study investigates the symmetric and asymmetric effects of uncertainties on stocks by focusing on the
BIST transportation index. To examine the causality relationship between the geopolitical risk (GPR) index and global economic
policy uncertainty (GEPU) index with the BIST transportation index (XULAS) and among the companies within the transportation
index, monthly data from May 2013 to September 2023 were used and analyzed using the Hacker and Hatemi-J Bootstrap (2006)
causality test and Hatemi-J’s (2012) asymmetric causality test. The study findings show a mutual causality relationship between
the GPR index and the BIST transportation index and between GEPU and XULAS. The Hatemi-J (2012) asymmetric causality
test suggests that positive shocks in both the GPR and the GEPU index cause negative shocks in the BIST transportation index
and companies’ stocks within the transportation index. However, it was concluded that negative shocks in the GEPU index can
lead to causality relationships in both positive and negative shocks in the BIST transportation index. This study emphasizes the
importance of monitoring GPR and GEPU indexes in managing risks.

Anahtar Kelimeler: Belirsizlik Endeksleri, Ulastirma Sektorii, Hatemi-J (2012) Asimetrik Nedensellik

Keywords: Uncertainty Indices, Transportation Sector, Hatemi-J (2012) Asymmetric Causality

EXTENDED ABSTRACT

Investors operate in a financial environment with complex relationships between markets and assets. Moreover, uncertainties
including economic, political, social, technological, and geopolitical factors, have significant effects on financial markets. This
study provides information on investment strategies and policies related to the transportation sector by examining the impact
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of uncertainties on financial markets specific to the transportation sector. Therefore, we analyze the symmetric and causality
relationship between the global economic policy uncertainty index (GEPU) and geopolitical risk index (GPR) as uncertainty
indicators and the BIST transportation index (XULAS) and the companies in the index using monthly data of the variables from
May 2013 to September 2023. First, the Hacker and Hatemi-J (2006) Bootstrap causality test was used to find the symmetric
causality relationship between the variables. Then, the Hatemi-J (2012) asymmetric causality test was used to analyze the impact
of positive and negative shocks on transportation sector.

The findings of Hacker and Hatemi-J (2006) Bootstrap causality test show a reciprocal causality relationship between the
geopolitical risk index and the BIST transportation index and between the GEPU index and the BIST transportation index.
While a unidirectional causality relationship exists between the geopolitical risk index and the CLEBI stock, a reciprocal causality
relationship exists between the geopolitical risk index and GSDDE and PGSUS. Moreover, there is evidence of reciprocal causality
between the GEPU index and PGSUS stocks. A unidirectional causality relationship was found between CLEBI and RYSAS and
the GEPU index. The Hatemi-J asymmetric causality test was conducted to examine the effect of positive and negative shocks on
the causality relationship between variables. Positive shocks in the geopolitical risk index were found to result in negative shocks
in the BIST transportation index, whereas negative shocks in the BIST transportation index led to negative and positive shocks
in the geopolitical risk index. A significant finding is that increases in the geopolitical risk index adversely affects companies in
the transportation index. We conclude that negative shocks in the geopolitical risk index result in negative and positive shocks in
CLEBI, positive shocks in GSDDE, and negative shocks in BEYAZ and PGSUS. Negative shocks in the GEPU index, another
uncertainty index used in the study, led to negative shocks in the BIST transportation index and the transportation companies in
the index. A causality relationship was found between positive shocks in the GEPU index and positive shocks in CLEBI, GSDDE,
and THYAO stocks. A causality relationship exists between negative shocks of the GEPU index and those of CLEBI, GSDDE, and
THYAO and between the negative and positive shocks of the BIST transportation index. We conclude that a causality relationship
exists between the positive shocks of the BIST transportation index and all stocks and between the positive shocks of the GEPU
index and from negative shocks to negative shocks of GEPU. In addition, causality is found between negative shocks of the BIST
transportation index and BEYAZ, RYSAS, and THYAO stocks and positive shocks of the GEPU index.

These findings show that increases in the geopolitical risk index and the GEPU index negatively impact the transportation sector.
This implies that uncertainty indices can be used as leading indicators for predicting changes in the transportation sector. It is
important to know the symmetric and asymmetric effects of fluctuations in uncertainty indices on financial markets for managing
risks and developing new strategies to offset these effects. Considering changes in general economic factors, geopolitical risks, and
uncertainties is critical for portfolio management. This study uses global uncertainty indices. Further study will examine different
global, categorical, or local uncertainty indices or different sectors and contribute to the literature.

1. Giris

Finansal piyasalarda islem yapan yatirimcilar ve girketler cok karmagik bir ekonomik ortamda faaliyet gostermektedirler. Ekonomik,
politik, sosyal, teknolojik ve cevresel faktorleri iceren belirsizlikler, finansal piyasalarin isleyisi ve seyri iizerinde 6nemli etkilere
sahiptir. Bu belirsizlikler, yatirimcilarin risk algisinin degismesine ve finansal varlik fiyatlarinin dalgalanmasina neden olmaktadir.
Bununla birlikte, farkli aktarim mekanizmalar1 kanaliyla bir piyasada ortaya ¢ikan dalgalanma finansal bulagsma nedeniyle diger
finansal piyasalar1 ve varliklari da etkilemektedir. Bu baglamda, belirsizliklerin finansal piyasalar iizerindeki etkilerini anlamak
ve analiz etmek, hem yatirimcilar hem de ekonomi ve finans alanindaki arastirmacilar ig¢in 6nemli bir konu haline gelmistir.

Risk ve belirsizlik kavramlar1 her ne kadar birlikte kullanilsa da temelde farkli kavramlardir. Risk ve belirsizligin birbirinden
farkli oldugunu ifade eden Knight (1921), risk ve belirsizlik arasindaki farkliligin, riskin gelecekte gerceklesmesi muhtemel
sonuclarin olasilik dagilimlarinin elde edilebilmesinden, belirsizligin ise herhangi bir olayin gelecekteki muhtemel sonuclarina
iligkin olasilik dagilimlarinin bilimsel ve objektif yontemlerle ortaya konulamamasindan kaynaklandigini belirtmektedir. Muglaklik
ya da Knight belirsizligi olarak adlandirilan bu durum gelecekteki getirilerin olasiliklarinin da bir olasilik dagilimina sahip
olabilecegi varsayimina dayanmaktadir. Dolayisiyla, yatirimeilar riskten kagindigi gibi belirsizlikten de kaginmaktadir (Altay,
2015: 46). Bu nedenle ortaya cikan belirsizliklerin sonuglarini tahmin edemeyen yatirimcilarin yapacagi islemler finansal varlik
fiyatlarinda ve finansal piyasalarda dalgalanmalara neden olmaktadir. Diinyamiz, son otuz yillik siiregte gelismis ve gelismekte olan
ekonomilerde finansal ve reel kiiresellesmenin artmasina taniklik etmistir. Finansal piyasalarda ortaya ¢ikan kiiresel entegrasyon,
serbest ticaret bolgelerinin ve para birliklerinin olusturulmasina bagli olarak giiclenmis, belirli {ilkelerde veya bolgelerde yasanan
ekonomik soklarin diinyanin diger bolgelerine aktarilmasi daha da kolaylagmistir (Gong vd., 2022: 1). Ortaya ¢ikan belirsizligin
mikro ve makro degiskenler lizerinde meydana getirmesi muhtemel degisikliklerin diger iilkelere de yayilma etkisi cercevesinde
etkisinin sitnanmasi gerekmektedir. Belirsizlik ortaminda bir piyasada ortaya cikan sert hareketler ve derinlesmeler piyasada diislisii
ifade eden ay1 piyasasina ya da yiikselisi ifade eden boga piyasasina neden olabilmektedir. 2008 Kiiresel Finans Krizinde goriildiigii
tizere, ABD borsasi 6zelindeki belirsizliklerin derinlesmesi, ay1 piyasasinin yasanmasina ve literatiirde yayilma-bulagsma- domino
etkisi olarak tanimlanan durumun ortaya cikarak belirsizligin diger iilkelere de sirayet etmesine neden olmustur (Sadeghzadeh
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Emsen ve Aksu, 2020: 430-431). Literatiirde, belirsizlik gostergesi olarak VIX, DXY, CDS risk primi, OVX, EPU, GPR ve GFSI
gibi farkli degiskenlerin kullanildig1 ¢calismalar bulunmaktadir.

Ekonomik belirsizliklerin makro ekonomi ve finansal piyasalardaki dalgalanmalar iizerinde 6nemli bir rolii bulunmaktadir
(Lyu vd., 2021). Baker vd. (2016) tarafindan ekonomik politika belirsizligini 6l¢mek icin gazete haber sikligina dayali olarak
gelistirilen ekonomik politika belirsizligi endeksi (EPU), borsa oynaklig1 ve getirileri arasindaki baglantiy1 inceleyen akademisyen-
lerin yogun ilgisini ¢ekmistir. Davis (2016) ise, kiiresel ¢iktimin yaklagik %71’ini gerceklestiren 21 iilkenin' ulusal EPU
endekslerinin GSYH agirlikli ortalamasini alarak kiiresel ekonomik politika belirsizligi endeksini (GEPU) gelistirmistir (Li
vd., 2020; https://www.policyuncertainty.com/global_monthly.html). Literatiirde siklikla kullanilan bir diger belirsizlik endeksi
ise Caldara ve Iacoviello (2022) tarafindan gelistirilen jeopolitik risk (GPR) endeksidir. 10 gazetenin elektronik arsivlerinin
otomatik metin arama sonuglarini yansitan bu endeks, her ay i¢in her bir gazetede olumsuz jeopolitik olaylarla ilgili makalelerin
sayisinin toplam haberlerin pay1 seklinde alinarak hesaplanmaktadir.” Daha yiiksek jeopolitik risk diisiik yatirtm ve daha az
istihdam anlamina gelmektedir. GPR endeksinin olumsuz sonuglar1 hem jeopolitik olaylarin gerceklesmesinden hem de bu olay-
larin tehdidinden kaynaklanmaktadir. Jeopolitik riske maruz kalan sektorlerde yatirim miktar1 daha fazla diismektedir (Caldara
ve lacoviello, 2022: 1194). Tedarik zincirleri, cografi konum ve piyasadaki dalgali talep nedeniyle petrol ile ilgili endiistriler ve
is kollar1 jeopolitik risk (GPR) ve ekonomik politika belirsizlik endeksindeki (EPU) degisimlere maruz kalabilmektedir. Ornegin
Mart 2020°de OPEC ve Rusya arasina artan gerilimin bir sonucu olarak Brent petrol fiyat1 %54,99, WTI petrol fiyat1 da %54,24 gibi
bir oranda diisiis gostermistir. 2008 Kiiresel Finans Krizinde ise yiikselen EPU endeksi ile birlikte petrol fiyatlarinda da ciddi bir
diisiis yasanmigtir (Gu vd., 2021: 1). Son donemde COVID-19 korona viriis salgininin sebep oldugu belirsizlik ve endise ortaminda
hisse senedi piyasalarinda da 6nemli degisiklikler meydana gelmistir. Finansal piyasa aktorlerinin gelecege dair beklentileri ve
kaygilart diinyanin biiyiik borsalarinda da dalgalanmalara neden olmustur (Ertugrul Ayranci ve Ari, 2021: 3771). Bu donemde
EPU’nun neden oldugu finansal riskin daha da arttig1 ve borsa dalgalanmalarina yol agma olasiliginin daha yiiksek oldugu aciktir
(Zhu vd., 2022: 2).

Ulkeler arasinda karsihikh ticari ve kiiltiirel faaliyetlerin artmasi ulastirma sektoriiniin 6nemini artirmistir. Ulkeler arasinda
artan ticari ve kiiltiirel faaliyetlerin bir sonucu olarak bu sektdrde yer alan firmalarin sayis1 ve mevcut firmalarin yaptigi yatirimlar
artmus; sektordeki biiylime potansiyelinden faydalanmak isteyen firmalar halka agilarak ya da halka ag¢ik olanlar sermaye artirimi
yaparak finansman ihtiyacin1 karsilamaya yonelmiglerdir. Uluslararasi ticaretin artigina paralel olarak sektoriin gelecekte daha
biiyliyecegi beklentisi, yatirimcilarin ilgisini ulastirma sektoriine cekmektedir (Avcei, 2019: 1414). Ulastirma sektorii bir ekonomide
faaliyette bulunan tiim is kollar1 ile yakin bir iligki icerisinde oldugundan diger sektorlerde faaliyetin devamlilig: i¢in 6nemli bir
gorev listlenmektedir. Ulastirma sektorii kanaliyla yapilan iiretim girdisi ve liriin sevkiyatlar1 ile diger sektorlerin faaliyetleri
aksamadan devam etmektedir. Diinya genelinde ticaret hacminin artmasi ve yeni ticaret yollar ile yeni pazarlara ulagilmasi
ulastirma sektoriiniin ekonomideki agirligint arttirmistir (Pala, 2021: 265). Diinya genelinde tagimacilik ve lojistik faaliyetlerinin
islevlerini yerine getirmesine bagli olarak ticaret hacmi bilylimiis, insanlarin ve mallarin zamaninda, verimli ve giivenli bir sekilde
hareket etmesi saglanmigtir (Soares vd., 2022:1).

Diinyada ve iilkemizde hizli bir sekilde biiyiiyen ulastirma sektorii i¢erisinde yer alan firmalara yatirimeilarin ilgisi de giinden
giine artmaktadir. Mikro 6lcekli sektore 6zgii baz1 degiskenler ile makro ekonomik faktorler sektdr igerisinde yer alan firmalarin
hisse senedi fiyatlarinda degisime neden olmaktadir. Ekonomik belirsizlik ortaminda yatirimcilarin finansal risklerinin en aza
indirilebilmesi i¢in hisse senedi fiyatlarinin dogru tahmini 6nemlidir (Cinarcioglu ve Avcei, 2020: 3). Hisse senedi ile ilgili piyasa
endeksleri diger hisse senedi yatirimlar ile kiyaslama imkani sunduklari i¢in yatirimeilarin ilgi odagi olmustur. Ancak, endeksin
olusturulmas: asamasinda 6rneklem se¢iminin ve endeks hesaplama yonteminin farkliligi, ayni piyasada hesaplanan endekslerden
farkli sonuglar alinmasina neden olmaktadir. Piyasa endeksi, hisse senetlerinin iglem gordiigii borsa tarafindan hesaplanabilecegi
gibi bagimsiz kuruluslar tarafindan da hesaplanabilmektedir. Ancak burada endeksin tercih edilmesindeki en onemli husus
endeksin piyasay1 ne kadar dogru bir sekilde yansittigidir. Bununla birlikte endeksin tercih edilmesinde rol oynayan bir diger
husus ise yatirimcilarin bu endekse ulasim kolaylig1 ve ulasim hizidir (Dagli, 2000: 194). Anlik olarak ulagilabilen ve piyasay1 tam
anlamu ile temsil edebilen endeksler yatirnmcilar tarafindan daha fazla izlenmektedir. BIST te yer alan sektor endeksleri sektoriin
genel durumu hakkinda bilgi vermekte, yatirnmcilarin stratejik yatirim kararlarinin olugturulmasinda 6nemli roller iistlenmektedir
(Ozcan Akdag vd., 2022: 2722).

Ekonomik, politik, finansal ve jeopolitik belirsizlikleri l¢gmek i¢in kullanilan belirsizlik endeksleri, piyasa kosullari, enerji
fiyatlar1 ve politika degisiklikleri gibi faktorler izerinde ortaya ¢ikarabilecegi riskler nedeniyle takip edilmektedir. Bununla birlikte
kiiresel talepteki degisimler, petrol fiyatlarindaki dalgalanmalar ve lojistik ile ilgili sikintilar gibi belirsizlik kaynag: faktorlerin
firmalarin faaliyetleri iizerinde dogrudan etkileri bulunmaktadir. Gelecege yonelik belirsizliklerin artmasi kiiresel ekonomik
faaliyetlerde ve finansal piyasalarda dalgalanmalara neden olacagi icin hisse senetlerinin performansim da etkilemektedir. Ornegin,
2020 yilinda yaganan COVID-19 pandemisi doneminde kapanmalardan en fazla etkilenen sektorlerin basinda ulastirma sektorii

' ABD, Almanya, Avustralya, Brezilya, Cin, Fransa, Giiney Kore, Hindistan, Hollanda, ingiltere, Irlanda, Ispanya, isveg, Italya, Japonya, Kanada, Kolombiya, Meksika, Rusya, Sili,
Yunanistan.
2 https://www.matteoiacoviello.com/gpr.htm (Erisim tarihi: 12.11.2023)
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gelmektedir. Bununla birlikte, ekonomideki talep azalis1 ya da artiglarinin da sektor {izerinde onemli etkileri bulunmaktadir.
Ulagtirma sektorii doviz kuru ve petrol fiyatlar1 basta olmak iizere jeopolitik, siyasi ve sosyal bazi risklere maruz kalmaktadir.
Ekonominin temel taglarindan olan ulagtirma sektorii ve bu sektorde faaliyet gosteren sirketler ekonomik, politik ve sosyal olaylara
bagh dalgalanmalardan etkilenmektedir. Bu nedenle, belirsizliklerin sektor lizerindeki simetrik ve asimetrik etkilerini anlamak
hem yatirimcilar hem de igletmeler i¢in bir zorunluluk haline gelmektedir.

Literatiirde belirsizlik endeksleri ile sektdr endeksleri arasindaki iligkiyi inceleyen sinirli sayida aragtirma bulunmaktadir. Ancak,
belirsizliklerin ulagtirma sektor endeksi ve endekste yer alan sirketler iizerine simetrik ve asimetrik etkisini inceleyen bir ¢aligmaya
rastlanilmamigtir. Bu caligma, Tiirkiye’deki en 6nemli sektorlerden biri olan BIST ulastirma endeksine odaklanarak; belirsizliklerin
BIST ulagtirma endeksi iizerinde nasil bir etkisinin oldugunu ve belirsizlik endekslerinde ortaya ¢ikan negatif ve pozitif soklarin
BIST ulastirma endeksi ve endekste yer alan sirketler iizerindeki simetrik ve asimetrik etkilerini incelemeyi amaglamaktadir.
Degiskenler arasindaki neden-sonug iligkisinin tespiti amaciyla, jeopolitik risk (GPR) endeksi ve kiiresel ekonomik politika
belirsizligi (GEPU) endeksi ile BIST ulastirma endeksi (XULAS) ve ulastirma endeksinde yer alan sirketler arasindaki simetrik
nedensellik iligkisi Hacker ve Hatemi-J (2006) Boostrap nedensellik testi ile asimetrik nedensellik iligkisi ise Hatemi-J (2012)
asimetrik nedensellik testi ile arastirilmigtir. Analizde degiskenlerin Mayis 2013 — Eyliil 2023 donemi aylik verileri kullanilmugtir.
Calismanin bundan sonraki béliimleri su sekilde takip edecektir. ikinci boliimde, ulastirma endeksi ve belirsizlik endeksleri
ile ilgili literatiirden bahsedildikten sonra, iiciincii boliimde arastirmada kullanilacak yontemler hakkinda bilgi verilecektir. Son
boliimde ise; veri seti ve analiz sonuglar1 sunularak, elde edilen bulgular yorumlanacaktir.

2. Literatiir Ozeti

Bu boliimde ilk olarak, ulastirma endeksi ile ilgili ¢aligmalara yer verildikten sonra, belirsizlik endekslerinin hisse senedi
piyasalarina etkisini inceleyen arastirmalardan bahsedilecektir.

Abdioglu ve Degirmenci (2014), petrol fiyatlari ile BIST Tiim endeksi ve BIST te yer alan 24 sektor endeksi arasindaki iliskiyi
Granger nedensellik ve Johansen es biitiinlesme testi ile aragtirmiglardir. Petrol fiyatlar1 ile gida ve kagit, finansal kurumlar,
gayrimenkul yatirim ortakligi, elektrik, spor, turizm ve ulagtirma sektor endeksleri arasinda nedensellik iligkisinin olmadigz1; petrol
fiyatlar ile ticaret sektor endeksi arasinda ise ¢ift yonlii nedensellik iligkisi oldugu sonucuna ulagilmistir. Ayrica petrol fiyatlari ile
kimya ve tekstil, sinai ve iletigsim sektor endeksleri arasinda uzun dénemli iligki oldugu saptanmustir. Kendirli ve Cankaya (2016),
petrol fiyat1 ile BIST 100 ve BIST ulastirma endeksi arasindaki nedensellik iligkisini aragtirdiklar1 ¢aligmalarinda, BIST 100
endeksinden petrol fiyat1 ve BIST ulastirma endeksine, BIST ulastirma endeksinden de petrol fiyatina dogru tek yonlii nedensellik
iligkisi oldugunu belirlemiglerdir. Kuzu (2017) petrol fiyati, iiretici fiyat endeksi, sanayi iiretim endeksi, faiz oranlar1 ve déviz kuru
ile BIST 100, BIST 30, BIST elektrik, BIST kimya, BIST sinai, BIST teknoloji ve BIST ulastirma endeksleri arasindaki iligkiyi
Varyans ayristirma, etki-tepki fonksiyonu ve Hatemi-J nedensellik testi ile inceledigi calismasinda; petrol fiyatlarinin endeksler
tizerindeki etkisinin sinirlt kaldigini, faiz oranlari ve déviz kurunun kullanilan endekslerin cogu iizerinde giiclii etkisinin oldugunu
bulmustur. Ayrica petrol fiyatlarinin BIST Ulagtirma endeksinin varyansini agiklama giiciiniin az oldugu goriilmiistiir. Eyiiboglu
ve Eyiiboglu (2018), Dolar/TL ve Euro/TL doviz kurlarinin BIST 100 ve BIST te yer alan 23 sektor endeksi iizerindeki etkisini
ARDL modeli ve Toda-Yamamoto nedensellik testi ile inceledikleri ¢aligmalarinda, Euro/TL ile BIST tekstil deri endeksi arasinda
ve Dolar/TL doviz kuru ile BIST tekstil deri, BIST ticaret ve BIST teknoloji endeksleri arasinda uzun donemli iligki oldugunu
tespit etmislerdir. Dolar/TL doviz kuru ve Euro/TL déviz kuru ile BIST ulastirma endeksi arasinda uzun donemli bir iliskinin
varligina dair bir bulgu elde edilemezken, Dolar/TL ve Euro/TL doviz kurlarindan BIST ulastirma endeksine dogru tek yonlii
nedensellik oldugu sonucuna varmiglardir.

Oralbaykiz1 Syzdykova (2019), petrol fiyati ile BIST 100, BIST ulastirma, BIST kimya ve BIST sinai endeks getirileri arasindaki
iligkiyi inceledigi ¢calismasinda, petrol fiyatlarinda ortaya ¢ikan soklara BIST kimya ve BIST sinai endekslerinin ilk bes ay boyunca
pozitif tepki verdigini, besinci aydan sonra soklara verilen tepkinin azaldigin1 gostermistir. Varyans ayrigtirma yontemi ile BIST
100’1 en fazla acgiklayan degiskenlerin kendisi ve reel efektif doviz kuru oldugu, petrol fiyatindaki degisimin ise endeks getirilerini
aciklamakta yetersiz kaldig1 saptanmigtir. Glimiis ve Hacievliyagil (2020), COVID-19 pandemisi kaynakli vaka ve 6liim sayilarinin
BIST ulastirma ve turizm endeksleri iizerindeki etkisini 6lgmek i¢in ARDL Sinir Testi yaklagimint kullanmislardir. Analiz
sonucunda vaka sayilari ile ulagtirma ve turizm endeksleri arasinda herhangi bir iligki olmadig1, buna karsilik 6liim sayilari ile
endekslerin uzun donemde egbiitiinlesik oldugu ve ters yonlii hareket ettigi tespit edilmistir. Tayar vd. (2020), COVID-19 salginin
BIST’te yer alan sektor endeksleri iizerine etkisini inceledikleri caligsmalarinda; salginin elektrik, ulastirma, teknoloji, mali ve
smai sektor endeksleri iizerinde anlamli ve negatif etkisinin oldugunu belirlemislerdir. Alic1 (2020) doviz kuru ve faiz oran ile
BIST 100 ve BIST ulastirma endeksi arasindaki simetrik ve asimetrik nedensellik iligkisini arastirdig1 calismada; doviz kurundan
BIST100 ve BIST ulastirma endeksine dogru tek yonlii nedensellik iligkisi oldugunu bulmustur. Ayrica doviz kurunda yasanan
pozitif ve negatif soklar ile BIST 100 endeksinde yasanan pozitif ve negatif soklar arasinda karsilikli ¢ift yonlii nedensellik oldugu,
dolar kurunda yasanan pozitif soklarin BIST ulastirma endeksi iizerinde negatif etkisinin bulundugu belirlenmistir. Bulgular,
dolar kurunun BIST ulagtirma endeksini tahmin etmek icin referans olarak kabul edilebilecegini, faiz oranindaki degisimlerin
ise BIST ulastirma endeksindeki degisimleri agiklama giiciiniin olmadigin1 gostermistir. Kiraci (2020), DXY den BIST ulagtirma
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endeksine dogru tek yonlii nedensellik iligkisi oldugu, petrol fiyatlarinda ortaya ¢ikan pozitif ve negatif soklardan BIST Ulagtirma
endeksindeki pozitif ve negatif soklara dogru nedensellik oldugu gozlenmistir. Sadeghzadeh Emsen ve Aksu (2020), ekonomik
politika belirsizlik endeksi (EPU) ile BIST 100 endeksi arasindaki simetrik ve asimetrik iliskiyi incelemiglerdir. Degigkenler
arasinda simetrik bir iligkinin varlifina dair bir bulgu elde edilememistir. Bununla birlikte uzun déonemde belirsizlik endeksinde
ortaya ¢ikan pozitif ve negatif soklarin BIST 100 endeksini ters yonde etkiledigi saptanmustir.

Eyceyurt Batir ve Salihoglu (2021), COVID-19 vaka sayilarindaki degisimin BIST turizm, ulagtirma, hizmet ve gida endeks
getirileri {izerine etkisini Kalintilarla Artirilmig En Kiiciik Kareler (RALS) Regresyon analizi ile inceledikleri ¢alismada, COVID-
19 toplam vaka sayilarindaki degisimin BIST gida, hizmet, turizm ve ulastirma sektor endeks getirilerini ters yonde etkiledigi
goriilmiistiir. Miinyas (2021), petrol fiyatlarinin BIST kimyasal, petrol ve plastik, sanayi ve ulagtirma endeksleri iizerindeki kisa
ve uzun donemli etkisini Bayer ve Hanck (2013)’in gelistirdigi egbiitiinlesme testi ile incelemistir. Analizde petrol fiyatlarinin
sektor endeksleri izerindeki etkisinin kisa donemde yiiksek oldugu, uzun donemde bu etkinin azalarak devam ettigi ve degisken
degerlerinin denge noktasina geldigi gozlenmistir. Ertugrul Ayranci ve Ar (2021), COVID-19 pandemisi vaka sayis1 ile BIST
sektor endeksleri arasindaki iligskiyi arastirdiklar1 ¢aligmalarinda, BIST mali endeksi hari¢ vaka sayisi ile BIST sektor endeksleri
arasinda uzun donemli ve anlamli bir iligki oldugu ve vaka sayisinin BIST sanayi endeksi iizerindeki olumsuz etkisinin daha fazla
oldugu saptanmustir. {ltas ve Giizel (2021), VIX endeksi ve CDS risk primi ile BIST 100 endeksi arasindaki nedensellik iligkisini
Fourier Toda-Yamamoto nedensellik testi ile analiz ettikleri ¢aligmalarinda, BIST 100 endeksi ile CDS risk primi arasinda ¢ift
yonlii nedensellik iligkisi tespit ederlerken, VIX endeksinden BIST 100 endeksine dogru tek yonlii nedensellik iligkisi oldugu
sonucuna ulagsmislardir. Giingdr vd. (2021), Tiirkiye’deki COVID-19 vaka ve 6liim sayilarinin BIST turizm, ulastirma ve yiyecek-
icecek sektor endeksleri iizerindeki etkisini incelemislerdir. Oliim ve vaka sayilar1 ile BIST turizm endeksi arasinda uzun donemli
iliskinin oldugu, BIST ulastirma ve yiyecek-icecek endeksi ile aralarinda herhangi bir iligkinin olmadig1 bulunmusgtur.

Tuncay (2021), VIX endeksi ile BIST teki yedi sektor endeksi arasindaki volatilite etkilesimin CCC-GARCH modeli ile inceledigi
caligmasinda, BIST ulastirma endeksi ile VIX arasinda volatilite etkilesiminin olmadigini belirlemistir. Ayrica, BIST turizm endeksi
ile VIX arasinda karsilikli volatilite etkilesimi olduguna ve BIST sinai, ticaret ve hizmet sektor endekslerinden VIX endeksine
dogru tek yonlii volatilite etkilesiminin varligina dair bulgulara ulagilmistir. Seker ve Atasel (2022), COVID-19 pandemisinin BIST
ulastirma endeksi ve endekste yer alan 8 sirket iizerindeki etkisini arastirmiglardir. Elde edilen bulgular, COVID-19’un pandemi
olarak ilaninin XULAS endeksini ve endekste yer alan sirketleri negatif yonde etkiledigini ortaya cikarmistir. Sizer ve Karagdz
(2022), ARDL sinir testinden elde edilen bulgularla petrol fiyat1 ile BIST ulastirma endeksi arasinda uzun dénemli bir iligkinin
olmadigi, NARDL sinir testi ile petrol fiyatlarinda meydana gelen pozitif ve negatif soklarin kisa ve uzun dénemde BIST ulagtirma
endeksine asimetrik etkisinin oldugu sonucuna ulagmiglardir. Giines ve Kaya (2022), petrol fiyat1 ile BIST 100, BIST kimya, sinai
ve ulastirma endeksleri arasinda tek yonlii Granger nedensellik iliskisinin oldugunu saptamisti. DCC-GARCH modelinden elde
edilen bulgular ise petrol fiyat1 ile se¢ili endeksler arasinda volatilite yayiliminin olmadigini ortaya koymustur.

Yu vd. (2018) GEPU’nun hisse senedi piyasalar: iizerindeki etkisini aragtirmak i¢cin GARCH-MIDAS modelini kullandiklar
caligmalarinda, GEPU nun Cin hisse senedi piyasasinin volatilitesi iizerinde olumlu ve anlamli bir etkisinin bulundugu ve uzun
donemli volatilitenin tahmininde etken oldugu goriilmiistiir. Li vd. (2020) GEPU’nun Cin hisse senedi piyasasinin volatilitesi
tizerindeki etkisini aragtirmislar, GEPU’daki asag1 ve yukari yonlii hareketlerin Cin hisse senedi piyasasinin volatilitesini nemli
oOlciide artirabilecegini ve GEPU’nun volatilite tahmini konusunda oncii olabilecegini ortaya koymuslardir. Zeng vd., (2022),
kategorik EPU endekslerinin borsa getirileri icin ongoriilebilirlige sahip olup olmadigini arastirmiglardir. Ampirik sonuglar,
kategorik EPU endekslerinin hisse senedi piyasasi getirisini anlamli bir sekilde 6ngdrebildigini gdstermistir. Buna ek olarak,
kategorik EPU endekslerinin icerdigi bilgilerin, alim satim maliyeti ve yatirimcinin riskten kacinma katsayilar1 dikkate alindiginda
bile geleneksel makroekonomik degiskenlerden daha yiiksek ekonomik kazanimlara neden olabilecegini ortaya ¢ikarmiglardir. Guo
vd. (2023) ekonomik politik ve kategorik ekonomik politika belirsizlik endekslerinin Cin hisse senedi piyasalari ile geleneksel/yesil
tahviller lizerindeki etkisini aragtirdiklar1 caligmalarinda; ekonomik politika belirsizlik endeksinin hisse senetleri ve yesil tahvillerin
volatiliteleri iizerinde negatif bir etkiye sahip oldugunu ve yesil tahviller ile hisse senetleri arasindaki korelasyonu gii¢lendirdigini
belirlemislerdir.

Mensi vd. (2023), petrol (OVX), altin (GVZ), hisse senedi (VIX) belirsizlik endeksleri ve ekonomik politika belirsizlik endeksi
(EPU) ile hisse senedi piyasalar1 arasindaki yayilmalar1 ve baglantililig: farkli piyasa kosullar1 altinda (normal, diisiis ve yiikselis)
inceledikleri ¢calismalarinda; belirsizlik endekslerinin ay1 ve normal piyasa kosullarinda net yayilim vericisi, boga piyasasinda ise
net yayilim alicist oldugunu ortaya koymuslardir. Maquieira vd. (2023) ise GEPU ve EPU’nun bakir sirketlerinin hisse senedi
getirileri iizerine etkisini incelemisler ve GEPU’nun yiikseldigi donemlerde GEPU ile hisse senedi getirileri arasinda negatif,
GEPU’nun diistiigli donemlerde ise pozitif bir iligki oldugunu belirlemislerdir. Liang vd. (2023) caligmalarinda belirsizlikleri
temsilen GFSI, VIX, USEPU, GEPU ve GPR endekslerinin 21 uluslararasi hisse senedi endeksinin gerceklesen volatilitesini
tahmin giiciinii 6l¢miisler, belirsizlik endeksleri arasinda en iyi tahmin performansi gosteren degiskenin GFSI oldugunu ortaya
cikarmislardir. Han ve Li (2023) ise GEPU’nun kiiresel hisse senedi, tahvil, emtia, temiz enerji ve bitcoinin uzun vadeli volatiliteleri
tizerindeki asimetrik etkisini inceledikleri ¢calismalarinda, portfdy olusturulurken GEPU’nun etkisinin dikkate alinmasi gerektigini
ifade etmektedirler.
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Foglia vd. (2023), G8 iilkelerinin jeopolitik risk endekslerinin emtia piyasalar1 izerindeki dinamik etkisini inceledikleri calis-
malarinda; enerji sektoriiniin jeopolitik risklerden en fazla etkilenen sektdr oldugunu, jeopolitik risk iletiminin iilkeden iilkeye
farklilik gosterdigini ve genellikle cografi yakinliga bagli oldugunu belirlemiglerdir. Zheng vd. (2023), GPR’nin kiiresel finansal
piyasalar arasindaki ¢apraz piyasa risk yayilimlarini etkiledigi, risk yayilimlarinin asimetrik oldugu ve negatif risk degisikliklerini
dikkate alan risk yayilimlarinin daha baskin oldugu sonucuna ulagmiglardir. Bouri vd. (2023) belirsizlik unsuru olarak OVX ve
GPR endekslerini kullanarak, endekslerin GCC liyesi iilkelerinin sektorel bazda hisse senedi piyasalarina etkisini arastirmiglardir.
Boga piyasasinda belirsizliklerin hem getiri hem de volatilite {izerindeki etkisinin biiyiik 6l¢iide pozitif oldugu, 6zellikle tiiketici
ihtiyaglar1 ve dayanikli malzeme sektoriinde petrol zimni oynakliginin etkisinin GPR’ye gore daha giiclii oldugu bulunmustur.

Bununla birlikte, literatiirde haber duyarliliginin énemine vurgu yapan ¢alismalarda bulunmaktadir. Ornegin; Lu ve Lang (2023)
kategorik Cin ekonomik politika ve Twitter tabanli belirsizlik endekslerinin Cin hisse senedi piyasa volatilitesini tahmin etmek
icin kullanilabilecegini ifade etmektedirler. Yan vd. (2022)’de Cin ham petrol vadeli igslem volatilitesini tahmin ederken birkag
ekonomik politika belirsizlik endeksinin dikkate alinmasinin gerekliligine igaret etmektedirler. Chen vd. (2023), kategorik EPU
endekslerinin hisse senedi piyasa getirileri i¢cin 6ngorii yetenegini arastirdiklar: calismalarinda Subat 1985 ile Aralik 2021 tarihleri
arast aylik verileri kullanmiglardir. Kategorik bazi EPU endekslerinin hisse senedi getirilerini tahmin etme konusunda iistiin
bir tahmin etme kabiliyetine sahip oldugunu ve hatta orijinal EPU endeksinden ve popiiler bazi tahmincilerden daha yiiksek
gerceklesen fayda elde edildigini ortaya koymuslardir. Ayrica, EPU kategorilerine dayali yayilim endekslerinin, 6zellikle temel
bilesenleri ortaya c¢ikarmak icin kismi en kiigiik kareler (PLS) yontemini kullananlarin, kategorik EPU endekslerinde yer alan
tahmin bilgilerini daha etkin bir sekilde kullandig1, bu durumun tahmin hatalarini azalttig1 ve yatirimcilar icin artan ekonomik
deger de dahil olmak iizere gelismis tahmin performanst ile sonuglandigr goriilmiistiir.

Literatiir incelendiginde elde edilen bulgulari, belirsizlik endekslerinin hisse senedi piyasalari lizerinde 6nemli etkilerinin oldugu,
hisse senedi piyasalarinin getirilerini ve volatilitesini tahmin giiciiniin yiiksek oldugu ve bu nedenle belirsizlik endekslerindeki
degisimin izlenmesi gerektigi seklinde 6zetlemek miimkiindiir.

3. Metodoloji

Caligmada degiskenler arasinda nedensellik iligkisinin olup olmadig1, nedensellik var ise yoniiniin ne oldugu simetrik ve asimetrik
nedensellik testleri ile incelenecektir. Hacker ve Hatemi-J (2006) boostrap nedensellik testi degiskenler arasinda nedensellik
iligkisinin varligin1 aragtirma imkan1 sunmakta, ancak pozitif ve negatif soklarin etkisini 6lgmemektedir. Bundan dolay1 ¢alismada,
degiskenlere ait kiimiilatif soklar1 kullanarak pozitif ve negatif soklarin etkisini incelemek amaciyla Hatemi-J (2012) asimetrik
nedensellik testine de yer verilmistir. Bu boliimde ¢alismada kullanilan simetrik ve asimetrik nedensellik testleri ile ilgili bilgi
verilecektir.

Hacker ve Hatemi-J (2006), boyut bozulmalarini azaltmak i¢in kaldiracl bir bootstrap dagiliminin kullanilmasi gerektigini ifade
etmektedirler. Toda-Yamamoto nedensellik testi VAR modelinde gecikme ya da gecikmelerin artirilmasi esasina dayanmaktadir.
Asagidaki denklem ile gosterilen bir VAR(p) siirecinde (Hacker ve Hatemi-J, 2006: 1489-1491);

Vi =V+AY 1+ ARyt (1)

Y:, vV ve & n boyutlu vektor ve A, r gecikmesi igin n x n boyutlu parametre matrisidir. Hata vektorii olan t; sifir ortalamall,
bagimsiz ve &;;, &, nin i. elemani olmak iizere A’nin bazi pozitif degerleri icin E|g;;|>** < oo kosulunu saglayan tekil olmayan
Y . kovaryans matrisine sahip 6zdes dagilimli bir siiregtir. Toda ve Yamamoto (1995) entegre degiskenler arasindaki nedensellik
iligkisini test etmek icin arttirilmis VAR (p+d) modelini gelistirmistir:

V=P + A1yt A Apyiop + ApraYiop-a + & 2)

Degiskenlerin iistiindeki isaret OLS tahminini ifade etmektedir. Modelde siirecin p derecesinin bilindigi ve d’nin degiskenlerin
maksimum biitlinlesme derecesine esit oldugu varsayilmaktadir. Asagida gosterilen hipotez reddedilmedigi takdirde, y, nin k’nc1
eleman1 y, ’nin j’inci elemaninin Granger nedeni olamaz;

Hy:r=1,...,picin A, nin satir1, k slitunu eleman sifira esittir.

Ekstra gecikme ya da gecikmeler i¢in d parametresi Granger nedensellik testinde kisitlanmamustir. Toda ve Yamamoto (1995)’ya
gore bunun nedeni, modelde asimptotik dagilim teorisinin kullaniminin saglanmasidir. Toda-Yamamoto test istatistigini tanimla-
madan Once, 6rneklem biiyiikliigii 7" sirali denklemler ile asagidaki sekilde gosterilmelidir:

Y = (y1,...,yr) (n x T)boyutlu matris (3)

D= (9,A,.. .,Ap, .. .,Ap+d) (nx (1+n(p+d))) boyutlu matris; 4)
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1
Vi
Z; = Ye-1 ((1+n(p+d))x1) boyutlu matris, r=1,...,T (5)
Vt—p-d+l1
Z = (Zo,....Zr-1) (1 +n(p +d)) x T) boyutlu matris (6)
5 = (&1,...,&er) (nxT) boyutlu matris (7N

Bu notasyon yardimiyla tahmini sabit terimli (V) bir tahmini VAR (p+d) modeli asagidaki gibi yazilabilir:
Y=DZ+6 (8)

Kisitsiz regresyondan elde edilen tahmini artiklarin (nxT) boyutlu matrisi olan 8 tahmin edilir. Ardindan bu artiklarin varyans-
kovaryans matrisi Sy = 3;]3U/T ile hesaplanir. 8 = vec(v, A1, ..., Ap, Onxna) Ve B = vec(D) gosteriminde, vec siitun y1gma
operatoriinii ve 0,,x,4 ise n satirli, n(d) siitunlu sifir matrisini gostermektedir. Toda ve Yamamoto (1995) tarafindan gelistirilen ve
Granger nedenselligin olmadigin test etmek icin kullanilan modified Wald (MWALD) test istatistigi agagidaki gibi yazilabilir:

MWALD = (CRY[C((Z'Z)~ & Si,)C"] "1 (CR) (€

Denklemde @ sembolii Kronecker ¢carpimini, C sembolii ise pxn(1+n(p+d)) matrisini sembolize etmek iizere, C’nin p satirlarinin
her biri 8’daki bir parametrenin sifira kisitlanmasi ile iligkilidir. Sifir hipotez altinda ilgili S parametresi sifir ise C matrisinin satir
elemanlar: bir degerini alirken; herhangi bir kisitlama yoksa sifir degerini almaktadir. Bununla birlikte, C matrisindeki satirlarin
Opxnag matrisine karsilik gelen 8 parametresindeki son n? (d) elemanlan iizerindeki kisitlamalarla iliskisi bulunmamaktadir.
Buradan hareketle, Granger nedenselligin olmadigini test etmek i¢in kurulan bos hipotez asagidaki sekilde ifade edilebilir:

H() :C ﬂ =0

MWALD test istatistigi asimptotik olarak y> dagilimma sahip olup, serbestlik derecesi test edilecek kisitlama say1st olan p’ye
esittir.

Hacker ve Hatemi-J (2006)’nin gelistirdigi boostrap nedensellik testi, sadece iki degisken arasindaki nedensel iligkiyi in-
celemekte, pozitif ve negatif soklarin etkisini dikkate almamaktadir. Bu eksiklikten yola ¢ikan Hatemi-J (2012), stokastik hata
terimlerini pozitif ve negatif goklara ayirarak bir degiskendeki pozitif (negatif) degisimlerin bagka bir degisken lizerindeki pozitif
(negatif) degisimler ya da farkli kombinasyonlar iizerindeki etkisini aragtirma imkani sunan asimetrik nedensellik testini gelistir-
migtir (Soon ve Zubaidi Baharumshah, 2020: 69). Biitiinlesik iki degisken olan y;, ve y,, arasindaki nedensel iligkiyi asagidaki
denklemler ile ifade etmek miimkiindiir (Hatemi-J, 2012: 449);

&1i (10)

t
Yir = Yir-1+ €1 = Y10+

i=1

t
Yor = Ya—1+ &% =Yy20+ Z &2; (11)
izl

Burada t=1,2,...,T olmak iizere; sabit terim olan y; o ve y2 ¢ baslangi¢ degerlerini, £;; ve €; beyaz giiriiltii hata terimlerini
ifade etmektedir. Pozitif ve negatif soklar ise asagidaki gibi gosterilmektedir:

8L- = max(&;,0), 8;- = max(&y;,0) 12

g); = min(&y;,0), &5, = min(&y;,0) (13)
+ _

e =el ber, (14)

€2 = &5; + &5; (15)
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Burada pozitif ve negatif soklar eklendiginde elde edilen sonug asagidaki formda tanimlanmaktadir;

t t

" _

Yir=Yu-1+te€u=y10t Zb‘” + § &
i=1 i=1

t t
. _
Y2r = Y2u-1t&x =Y20+ Z &+ Z &5,

i=1

i=1

Pozitif ve negatif soklarin kiimiilatif bi¢imde gosterimi ise su sekilde yapilmaktadir:

+ _ + -
Yu = Zgli’ Yt

t

i=1

t

'
= .0

i=1

t

+ _ + - _ -
Yo _2821" y2t_282i

4. Veri ve Ampirik Bulgular

4.1. Veri

i=2

i=1

(16)

a7)

(18)

19)

Caligmada kiiresel 6lcekli belirsizliklerin BIST ulagtirma endeksi ve endekste yer alan sirketler iizerine simetrik ve asimetrik
etkisinin incelenmesi amaglanmaktadir. Tablo 1’de BIST Ulastirma endeksinde yer alan sirketlerin BIST kodu, sirket unvani,
kurulug yil1, borsada ilk islem tarihi ve faaliyet konusu ile ilgili bilgilere yer verilmigtir. BIST Ulagtirma endeksinde 10 sirket yer
almakta olup, bu sirketlerden 4 tanesinin (GRSEL, PASEU, TLMAN ve TUREX) ilk isleme basladig: tarih incelenecek donem
araliginda bulundugu i¢in veri setine dahil edilmemistir.

Tablo 1. BIST Ulastirma Endeksinde Yer Alan Sirketler

BIST . Kurulus Ik islem .
Kodu Sirket Unvam Vil Tarihi Faaliyet Konusu
BEYAZ  Beyaz Filo Oto Kiralama A.S. 1993 28.032012  Motorlu araglarn sifir km. ve ikinci el
ticareti, satig sonrasi servis hizmetleri
CLEBI Celebi Hava Servisi A.S. 1995 18.11.1996  Havaalani yer hizmetleri
GSDDE GSD . Den¥zc111k Gayrimenkul Insaat 1992 20.02.1995 Ulusal ve u.l.uslarara51 denizlerde tagimacilik
Sanayi ve Ticaret A.S. ve armatorlitk
Grepr,  Our-Sel Turizm Tagimacilik ve Servis 93 09.03.2022  Karayolu tasimacilig1
Ticaret A.S.
PASEU  Pasifik Eurasia Lojistik Dis Ticaret A.S. 2019 14062023  yurt iei ve yurt dist her tirli denizyolu,
karayolu, havayolu ve gemi tasimacilig
PGSUS Pegasus Hava Tagimaciligl A.S. 1990 26.04.2013  Havayolu tasimacilig
RYSAS ll:es}‘/sas Tasgimacilik ve  Lojistik Ticaret 1989 10.02.2006  Tasimacilik ve lojistik faaliyetleri
TLMAN  Trabzon Liman sletmeciligi A.S. 2003 24.01.2018  Liman isletmeciligi
TUREX  Tureks Turizm Tagimacilik A.S. 2002 08.04.2021 Pgrsonel t-aslmacl:lhgl, !31reysel ve filo arag
kiralama, is makinasi kiralama
THYAO  Tiirk Hava Yollari A.O. 1933 20.12.1990 ~ Jlastrma, haberlesme ve depolama, hava

tasimaciligi

Kaynak: www.kap.org.tr/tr/Endeksler (Erisim tarihi: 02.08.2023)

Calismada kiiresel ekonomik politika belirsizligini temsilen Davis (2016) tarafindan gelistirilen GSYH agirlikli GEPU endeksi
kullanilmigtir. Kullanilan bir diger belirsizlik endeksi ise, Caldara ve Iacoviello (2022)’nun literatiire kazandirdig1 GPR endeksidir.
GEPU endeks verileri aylik frekansta yayimlandig: icin tiim degiskenlerin Mayis 2013 ile Eyliil 2023 tarihleri aras: aylik verileri
kullanilmigtir. Tiim veriler logaritmik doniisiime tabi tutularak analiz gergeklestirilmigtir. Degiskenlere ait tanimlayici istatistikler
Tablo 2’de verilmistir.
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Tablo 2. Degiskenlere Ait Tanimlayic Istatistikler

GPR GEPU XULAS BEYAZ CLEBI GSDDE PGSUS RYSAS THYAO
Ortalama 1,991670 2,270860 3,192450 0,520975 1,696322 0,051552 1,663416 0,095818 1,151955
Medyan 1,985138 2,292523 3,124397 0,517987 1,508260 -0,136677 1,510545 -0,265200 1,065953
Std, Sapma 2,512622 2,629600 4,439725 1,770918 2973128 0,997823 2,941958 1,612572 2,389166
Min, 1,782484 1,938007 2,710498 -0,405607 0,791691 -0,503070 1,065953 -0,474955 0,682145
Maks, 0,111472 0,166385 0,418326 0,557797 0,565328 0,415073 0,447763 0,614953 0,411131
Carpikhk 1,115370 -0,133274 1,502579 -0,070466 0,546426 0,825368 1,213836 0,869929 1,595603
Basikhik 6,164354 1,943749 4,552927 2,073409 2,238316 2,325898 3,867694 2,374564 4,771915
Jarque-Bera 6,180800 78,06949 59,59666 4,575170 9,242118 16,55909 34,61711 17,80354 69,39315
Olasihk 0,00000 0,04548 0,00000 0,10151 0,00984 0,00025 0,00000 0,00013 0,00000
Gozlem 125 125 125 125 125 125 125 125 125

Tablo 2°de verilen tanimlayici istatistiklere gore en yiiksek ortalama ve volatiliteye sahip degiskenin ulastirma endeksi, en
diisiik ortalama ve volatiliteye sahip degigskenin ise GSDDE oldugu goriilmektedir. Carpiklik katsayilaria bakildiginda GEPU
ve BEYAZ hisse senedi hari¢ diger degiskenlerin saga carpik oldugunu, basiklik degerlerinden ise normal dagilima gore dik
oldugunu sdylemek miimkiindiir. Jarque-Bera test istatistigi ise degiskenlerin normal dagilmadigini ortaya koymaktadir. Tablo 3’te
degiskenlere ait korelasyon matrisine yer verilmigtir.

Tablo 3. Degiskenlere Ait Korelasyon Matrisi

GPR GEPU XULAS BEYAZ CLEBI GSDDE PGSUS RYSAS THYAO
GPR 1,000
GEPU 0,019 1,000
XULAS 0,274 0,506 1,000
BEYAZ 0,100 0,622 0,698 1,000
CLEBI 0,210 0,696 0,899 0,739 1,000
GSDDE 0,213 0,585 0,876 0,670 0,936 1,000
PGSUS 0,191 0,494 0,954 0,610 0,896 0,915 1,000
RYSAS 0,143 0,620 0,870 0,693 0,913 0,970 0,914 1,000
THYAO 0,300 0,466 0,995 0,675 0,862 0,836 0,930 0,829 1,000

Korelasyon matrisi sonuglarina gore degiskenler arasinda pozitif korelasyon iligskisi mevcuttur. RYSAS ile GSDDE, GSDDE
ile CLEBI ve THYAO ile PGSUS arasinda ¢ok giiclii ve pozitif korelasyon iligkisi oldugu belirlenmistir. Bununla birlikte pozitif
yonlii en diisiik korelasyon iligkisi ise GEPU ile GPR degiskenleri arasinda bulunmaktadir.

4.2. Ampirik Bulgular

Analizde; uygun gecikme sayisi (p) VAR modeli yardimiyla, maksimum biitiinlesme derecesi (d) ise degiskenlerin duraganlik
seviyelerine gore belirlenmektedir. Degiskenlerin duraganlik seviyelerinin belirlenmesi model secimi i¢in gereklidir. Bu nedenle
oncelikle degiskenlere ait duraganlik testi ADF birim kok testi ile yapilarak Tablo 4.’te sunulmustur.

Tablo 4. Degiskenlere Ait ADF Birim Kok Testi Sonuglart

DUZEY 1. FARK
Sabitli Sabitli / Trendli Sabitli Sabitli / Trendli
GPR -4.9192" -4.9534™ -14.1882™ -14.1323"
GEPU -2.1646 -4.7280"" -9.5546"" -9.5368""
XULAS 2.3589 0.1751 -10.6514™" -11.2825™
BEYAZ -1.2242 -2.8412 -9.1592"** -9.1341
CLEBI 0.7265 -2.0120 -12.0594 -12.1776™
GSDDE 0.4848 -1.6244 -9.2300"" -9.4058"""
PGSUS 1.4125 -0.4616 -11.0985""* -11.5282"
RYSAS 1.2835 -1.1638 -9.0139™* -9.2080""
THYAO 2.2249 0.1651 -10.7610™ -11.3943"

PO

, ™ ve " sembolleri sirasiyla %1, %5 ve %10 anlamlilik seviyesinde duraganhgi ifade etmektedir.
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Tablo 4’te goriildiigii iizere logaritmik doniisiimii yapilan serilerden sadece GPR ve GEPU endekslerinin sabitte ve trendde du-
ragan oldugu, diger degiskenlerin duragan olmadigi belirlenmistir. Degiskenlere ait logaritmik serilerin birinci farklar1 alindiginda
ise tiim serilerin hem sabitte hem de sabitte ve trendde duragan oldugu saptanmistir. Ayrica, iki yapisal kirilmaya izin veren
Lee-Strazicich (2003) iki kirilmali birim kok testi hem sabitte hem de trendde uygulanarak elde edilen bulgular Tablo 5°te
gosterilmistir.

Tablo 5. Lee-Strazicich (2003) Tki Kirilmali Birim Kok Testi Sonuglari

Diizey 1. Fark

Kirtllma - Test Kritik Degerler Kirtlma ~ Test Kritik Degerler

Tarihleri Istatistigi %l %5 Tarihleri Istatistigi %1 %5
GPR 3121 igig 74470 .6,1043  -5,4455 T&Zﬁ‘;&é‘ 13,9038 57825  -52763
GEPU Rasm30%0 6335 57825 52763 A0 130013 61043 54455
XULAS Ag‘ylls;‘l’szggy 42190 60668 55135 ARSI g7y 61304 55866
BEYAZ AN;;‘; szg(l)f N -4,6324 59824 -5,4809 %“;?:228115 10,6361 -6,0661  -5,3711
CLEBI Hb;izsi?:nz%gz -5,3455" 58937  -53408 %“;?:2282221 7,8331™" 577825 -5,2763
GSDDE T%‘;‘ﬁ}‘;g?f -5,5446™  -6,1643  -5,5391 Tliﬁﬁnzzz%lé 29,6265 -6,1043  -5,4455
PGSUS Pz‘;?:;nzgolgz 53406 -5,8937  -5,3408 fr:ﬁ(zz%lg 12,5826™°  -6,1394  -5,5866
RYSAS Agﬁi;t‘; 0L A4 61043 54455 ;‘i‘;:ﬁ N 98479 60661 53711
THYAO AEg;f;fzggy 44023 -6,0668  -5,5135 g‘yﬁ‘ S 1080267 59824 -5.4809

ok

ve ™ sembolleri sirasiyla %1 ve %5 anlamlilik diizeyini géstermektedir.

Lee-Strazicich (2003) iki yapisal kirilmali birim kok testinde degiskende birim kok oldugunu ifade eden HO hipotezi sinanmakta
olup, elde edilen test istatistigi kritik degerlere gére yorumlanarak karar verilmektedir. Tablo 5’te de goriildiigii iizere GPR, GEPU,
CLEBI ve GSDDE degiskenlerinin test istatistii %35 anlamlilik diizeyinde kritik degerlerden mutlak degerce biiyiik oldugu i¢in
HO hipotezi reddedilmisgtir. Bu sonug, degiskenlerin diizey degerlerinin iki yapisal kirilma i¢in hem sabitte hem de trendde duragan
oldugunu ortaya ¢ikarmistir. Degiskenlerin birinci farklar alindiginda ise incelenen tiim degiskenlerin %1 anlamlilik diizeyinde
iki yapisal kirilma i¢in hem sabitte hem de trendde duragan oldugu sonucuna ulagilmigtir. Degiskenlerin maksimum biitiinlesme
dereceleri belirlendikten sonra simetrik nedensellik iligkisinin tespiti i¢cin Hacker ve Hatemi-J (2006) Boostrap nedensellik testi
yapilarak elde edilen bulgular Tablo 6’da ortaya konulmustur. Burada degiskenler arasinda ikili iligkiler incelenerek, “Birinci
degisken ikinci degiskenin Granger nedeni degildir,” seklinde olusturulan bos hipotez test edilmekte, MWALD test istatistiginin
boostrap kritik degerlerden biiyiik olmas1 halinde bog hipotez red edilmektedir.

Tablo 6. Hacker ve Hatemi-J (2006) Boostrap Nedensellik Testi Sonuglart

MWALD Boostrap Kritik MWALD Boostrap Kritik
Nedenselligin Yonii ~ Test Degerler Nedenselligin Yonii ~ Test Degerler

Istatistigi %1 %5 %10 istatistigi %1 %5 %10
GPR — XULAS 3.901%* 6.699 3.893 2.757 | XULAS — GPR 4.857%* 6.949 3908 2.716
GPR — BEYAZ 0.059 6.840 3944 2753 | BEYAZ — GPR 0.516 6.769  4.048  2.806
GPR — CLEBI 5.431%% 7.048  4.038 2.773 | CLEBI — GPR 1.782 6.871 3974 2.810
GPR — GSDDE 3.140% 6.749 3966 2.808 | GSDDE — GPR 3.051% 6913  4.021 2773
GPR — PGSUS 2.987% 6.967 3.963 2.746 | PGSUS — GPR 2.796* 6.848  3.940  2.690
GPR — RYSAS 1.816 6.759 3.941 2.788 | RYSAS — GPR 0.661 7.069  4.025 2.742
GPR — THYAO 2.260 7.118  3.996 2.812 | THYAO — GPR 1.558 6.667 3.865 2.726
GEPU — XULAS 9.278*** 7127 3.878 2710 | XULAS — GEPU 8.056%** 7617 4.048 2807
GEPU — BEYAZ 0.631 6.698 3.973 2.719 | BEYAZ — GEPU 1.385 6.935 3.958 2.757
GEPU — CLEBI 0.521 6.687 3.869 2.678 | CLEBI — GEPU 3.861%* 6.755 3.766  2.656
GEPU — GSDDE 1.770 7740  3.674 2494 | GSDDE — GEPU  2.271 8.151  3.647 2.505
GEPU — PGSUS 5.482%%* 7.177 3.802 2.618 | PGSUS — GEPU 3.425% 7318 3.923  2.681
GEPU — RYSAS 2.075 7.628  3.718  2.557 | RYSAS — GEPU 3.646% 8.028 3.786  2.542
GEPU —» THYAO  2.570 6.968 3778 2710 | THYAO — GEPU  1.938 6.907 3.960 2.769

wwE %% ye * jsaretleri sirastyla %1, %5 ve %10 anlamlilik seviyesini ifade etmektedir.
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Nedenselligin istatistiki olarak anlamli olup olmadigmnin tespiti icin elde edilen test istatistigi, boostrap kritik degerleri ile
karsilastirilarak karar verilmektedir. Tablo 6’da goriildiigii tizere GPR endeksi ile GSDDE ve PGSUS sirketleri arasinda kargilikli
nedensellik iligkisi oldugu, jeopolitik risklerin CLEBI hisse senedi fiyatindaki degisimin nedeni oldugu sonucuna varilmigtir.
Arastirmanin diger bir bulgusu da kiiresel ekonomik politika belirsizliginin PGSUS hisse senedi fiyatlarinin nedeni oldugudur.
Bununla birlikte GPR endeksi ile XULAS endeksi arasinda %5, GEPU endeksi ile XULAS endeksi arasinda ise %1 anlamlilik
diizeyinde karsilikli nedensellik iligkisi oldugu tespit edilmistir. Bu sonug, kiiresel ekonomik politika belirsizliginin ve jeopolitik
risklerin BIST Ulastirma endeksi {izerinde 6nemli bir etkisinin oldugunu ortaya koymaktadir. Hacker ve Hatemi-J (2006) Boostrap
nedensellik testi sadece degiskenler arasindaki simetrik nedensellik iliskisi hakkinda bilgi vermektedir. Negatif ve pozitif soklarin
degiskenler arasindaki nedensellik iligkisi iizerine etkisinin belirlenmesi amaciyla Hatemi-J (2012) asimetrik nedensellik testi
yapilarak elde edilen sonuclar Tablo 7 ve Tablo 8’de gosterilmistir. Bu yontemde ise her bir ikili degisken grubu i¢in sirasiyla
asagida belirtilen bos hipotezler test edilmekte, MWALD test istatistigi boostrap kritik degerler ile karsilastirilarak degerlendirme
yapilmaktadir.

1. Hy: Birinci degiskenin pozitif sokundan ikinci degiskenin pozitif sokuna dogru nedensellik yoktur.

2. Hy: Birinci degiskenin pozitif sokundan ikinci degiskenin negatif sokuna dogru nedensellik yoktur.

3. Hy: Birinci degiskenin negatif sokundan ikinci degiskenin negatif sokuna dogru nedensellik yoktur.

4. Hy: Birinci degigkenin negatif sokundan ikinci degiskenin pozitif sokuna dogru nedensellik yoktur.

Tablo 7. GPR ile Ulagtirma Sektorii Arasindaki Hatemi-J (2012) Asimetrik Nedensellik Testi Sonuglart

MWALD Boostrap Kritik MWALD Boostrap Kritik
Nedenselligin Yonii Test Degerler Nedenselligin Yonii Test Degerler

istatistigi %1 %S5 %10 Istatistigi %1 %5 %10
GPR" — XULAS* 1.413 7.341 4.091 2952 | XULAS*— GPR"* 22.872%%% 7936 4.225 3.013
GPR" — XULAS" 28.762%**% 7422 4204 2.896 | XULAS" — GPR" 0.291 7369  4.012 2812
GPR" — XULAS" 1.361 6.836  3.983 2.832 | XULAS — GPR- 24.975%%% 7630 4.394  3.066
GPR™ — XULAS* 0.033 7.421  4.000 2.788 | XULAS — GPR" 27.756%%% 7269  4.088  2.852
GPR" — BEYAZ* 10.789*** 7376 4206 2942 | BEYAZ" — GPR* 14.725%%% 7540  4.186  2.890
GPR" — BEYAZ" 4.547%* 7.256  4.234  2.899 | BEYAZ" — GPR- 0.748 7266 4.013  2.773
GPR — BEYAZ" 11.421%** 7303 4129 2861 | BEYAZ — GPR- 14.780%** 7255 4134 2918
GPR" — BEYAZ" 0.049 7.238 4.077 2786 | BEYAZ — GPR" 10.597*** 7.190 4.071  2.892
GPR" — CLEBI* 3.072% 7.314 4213 2937 | CLEBI' — GPR" 10.497*** 7323  4.101  2.890
GPR" — CLEBI' 14.694%** 7589 4156 2.849 | CLEBI' — GPR" 10.831*%** 7455 4228 2923
GPR" — CLEBI" 8.237*** 7698 4.139 2.851 | CLEBI' — GPR- 8.204%** 7583 4222 2.897
GPR" — CLEBI' 4.969%* 6.998 3955 2757 | CLEBI' — GPR' 13.694%*%* 7349 4244  2.945
GPR* — GSDDE* 1.286 7.465 4230 2983 | GSDDE®— GPR* 13.030%** 7375 4185 2914
GPR* — GSDDE- 25.934%%% 7331 4.064 2.862 | GSDDE" — GPR" 11.603*** 7161 4.110 2.896
GPR" — GSDDE- 1.873 7.291 4115 2896 | GSDDE — GPR" 12.975%%% 7495 4301 2928
GPR" — GSDDE" 14.388*** 7084 3.900 2.750 | GSDDE — GPR" 24.411%%% 7546 4201 2929
GPR" — PGSUS* 3.005* 7.369 4.130 2939 | PGSUS" — GPR" 21.996*** 7506 4.265 2.992
GPR" — PGSUS" 23.507*%*% 7279  4.156 2933 | PGSUS"— GPR" 0.757 7331 4.049 2814
GPR" — PGSUS" 3.482% 6.974 3957 2816 | PGSUS — GPR" 21.395%*% 7722 4370 3.019
GPR" — PGSUS* 0.290 7.186 4.044 2733 | PGSUS" — GPR* 25.241%%% 7319 4.137 2.872
GPR" — RYSAS* 0.274 7456 4209 2931 | RYSAS*— GPR* 21.675%** 7583 4408  3.103
GPR" — RYSAS- 41.907#** 7391 4171 2.877 | RYSAS" — GPR- 7.047%* 7351  4.098  2.829
GPR™ — RYSAS" 0.199 7.043 3999 2825 | RYSAS — GPR- 22.990*%** 7914 4557 3.231
GPR" — RYSAS* 6.923%* 7453 4033 2752 | RYSAS  — GPR" 34.697%** 7.110 4138  2.825
GPR" — THYAO" 1.534 7.311  4.071 2940 | THYAO" — GPR* 22.803***% 8.000 4.224 3.019
GPR" — THYAO" 28.367%** 7391 4182 2.897 | THYAO" — GPR 0.313 7.309 4.018 2813
GPR" — THYAO" 1.430 6.884 3984 2836 | THYAO — GPR" 25.047%%% 7655 4395 3.053
GPR-— THYAO" 0.021 7377 4.023  2.800 | THYAO — GPR"* 27.285%%* 7196 4.102  2.862

wrk k% yve * isaretleri sirastyla %1, %5 ve %10 anlamlihik seviyesini ifade etmektedir.

Tablo 7°de gosterilen Hatemi-J (2012) asimetrik nedensellik testi sonuclarina gore; jeopolitik risk endeksinde meydana ge-
len pozitif bir soktan BEYAZ, CLEBI ve PGSUS hisse senetlerinde meydana gelen pozitif soklara dogru nedensellik iligkisi
bulunmaktadir. GPR’de ortaya cikan pozitif soklarin ise XULAS endeksi ve ulagtirma endeksinde yer alan sirketlerin hisse
senetlerindeki negatif soklarin nedeni oldugu goriilmektedir. Bu sonug jeopolitik risk endeksindeki artisin ulagtirma sektoriinde
faaliyet gosteren sirketleri negatif yonde etkiledigini gostermektedir. GPR endeksindeki negatif soklardan ise BEYAZ, CLEBI ve
PGSUS hisse senetlerindeki negatif soklara dogru nedensellik iligkisi tespit edilmistir. Ayrica, GPR endeksindeki negatif soklarin
CLEBI, GSDDE ve RYSAS hisse senetlerindeki pozitif soklarin nedeni oldugu belirlenmistir. Ulagtirma endeksi ve endekste yer
alan sirketlerin negatif soklarindan GPR’nin hem negatif hem de pozitif soklarina dogru nedensellik iligkisi oldugu goriilmiistiir.
Bununla birlikte, ulagtirma endeksi ve endekste yer alan sirketlerin pozitif soklarindan GPR’nin pozitif soklarina dogru nedensellik
iligkisinin olduguna dair bulgulara da ulagilmigtir.
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Tablo 8. GEPU ile Ulastirma Sektorii Arasindaki Hatemi-J (2012) Asimetrik Nedensellik Testi Sonuglart

T Boostrap Kritik T Boostrap Kritik

Nedenselligin Yonii isi:\tt's gy Dederler Nedenselligin Yonii isizsltt's gy Degerler

BUSL 041 %5 %10 BUSL oi1 %5 %10
GEPU* — XULAS*  3.365 6769 4.018 2.860 | XULAS* — GEPU* 8.762%**  6.891 4.085 2.887
GEPU* — XULAS™  8.771%** 6506 3.994 2.899 | XULAS*— GEPU  2.515 6322 3902  2.766
GEPU  — XULAS™  3.557* 6.545 4034 2892 | XULAS — GEPU"  9.787*** 6668 4.047 2953
GEPU — XULAS*  5.198%* 6762 4001 2861 | XULAS — GEPU* 7.878*** 6739 4059 2.893
GEPU* — BEYAZ®  0.153 7261 4034 2855 | BEYAZ*— GEPU*  6.199%% 7240 4.053 2.872
GEPU* — BEYAZ  9.969%** 6926 4.113 2835 | BEYAZ' — GEPU™  3.551* 7.104 3965 2.776
GEPU — BEYAZ"  0.077 7291 4002 2893 | BEYAZ — GEPU"  6.468%* 6954 4.044 2855
GEPU — BEYAZ'  2.642 6962 4110 2903 | BEYAZ — GEPU*  13270*** 6985 3978 2819
GEPU* — CLEBI*  4.577%* 6963 3.997 2.843 | CLEBI > GEPU*  6.854** 7783 4204 2984
GEPU* — CLEBI"  3.733* 7722 4017 2808 | CLEBI* — GEPU"  0.064 7238 4016 2756
GEPU — CLEBI"  4.389% 7616 4.068 2.832 | CLEBI — GEPU"  6.667**  7.884 4281 2.931
GEPU — CLEBI*  0.000 7026 4.082 2.845 | CLEBI — GEPU*  1.029 7883 4070 2.883
GEPU* — GSDDE*  4.938**  7.190 3885 2792 | GSDDE* — GEPU* 7.931** 7969 4287 2.937
GEPU*— GSDDE'  4.972%% 7346 4201 2871 | GSDDE*— GEPU 0.534 6735 3912 2742
GEPU — GSDDE-  4.478** 7207 4020 2858 | GSDDE — GEPU-  8.111*** 7351 4229 2948
GEPU — GSDDE*  0.649 6.832 4017 2812 | GSDDE — GEPU*  3.117 7587 4158  2.805
GEPU* — PGSUS*  0.031 6.675 4064 2839 | PGSUS*— GEPU*  8.773*%* 7059 4.096 2.864
GEPU* — PGSUS"  12212%** 6755 3924 2.821 | PGSUS*— GEPU"  1.782 6402 3.840 2763
GEPU — PGSUS™  0.147 6704  4.043 2900 | PGSUS" — GEPU-  9.321*%%* 6955 4.106 2.899
GEPU — PGSUS*  1.129 6725 4.057 2922 | PGSUS — GEPU*  10.041 6.607 3952 2813
GEPU* — RYSAS™  2.262 6.619 4001 2841 | RYSAS*— GEPU" 9.080*** 7236 4.105 2.969
GEPU* — RYSAS™  8.849%** 6747 4028 2.848 | RYSAS*— GEPU"  0.681 6368 3.836 2778
GEPU — RYSAS™  2.032 6755 3.998 2902 | RYSAS — GEPU"  10.049%** 6920 4.078  2.902
GEPU  — RYSAS*  0.430 6.858 4037 2841 | RYSAS — GEPU*  8.051*%* 6853 3971 2.882
GEPU* — THYAO® 4.968%* 6748 4.023 2.866 | THYAO' — GEPU* 8.721*** 6825 4.060 2.895
GEPU* — THYAO™  8.273** 6495 3988 2893 | THYAO'— GEPU- 3.827* 6320 3.88 2.767
GEPU — THYAO™  5.506** 6582 4019 2876 | THYAO — GEPU  9.758%%* 6662 4.067 2.946
GEPU  — THYAO®  6.792 6.744 4010 2864 | THYAO — GEPU* 7.608*** 6788 4.054 2.889

*kk k% ve * isaretleri sirastyla %1, %5 ve %10 anlamlilik seviyesini ifade etmektedir.

Tablo 8’de GEPU endeksi ile XULAS endeksi ve bu endekste yer alan sirketler arasindaki nedensellik iliskisi ile ilgili bulgular
yer almaktadir. Arastirma sonucunda GEPU endeksi ile CLEBI, GSDDE ve THYAO hisse senetlerinin pozitif soklar arasinda
karsilikl;; BEYAZ, PGSUS, RYSAS hisse senetlerindeki pozitif soklardan da GEPU endeksindeki pozitif soklara dogru bir ne-
densellik iligkisi oldugu tespit edilmistir. Kiiresel ekonomik politika belirsizligi endeksindeki artiglarin XULAS endeksi ve endekste
yer alan girketlerin hisse senetlerindeki negatif soklarin nedeni oldugu belirlenmistir. Bu durum ulagtirma endeksinin belirsizlik
ile ilgili risklerin artmasindan negatif yonde etkilendigini ortaya ¢ikarmistir. Bununla birlikte, sadece BEYAZ ve THYAO hisse
senetlerindeki pozitif soklardan GEPU’daki negatif soklara dogru %10 anlamlilik diizeyinde nedensellik iliskisi oldugu goriilmek-
tedir. GEPU endeksindeki negatif soklar ile CLEBI, GSDDE, THYAO hisse senetleri ve XULAS endeksinin negatif soklarinin
birbirlerinin nedeni oldugu belirlenirken; BEYAZ, PGSUS ve RYSAS hisse senetlerinin negatif soklarindan GEPU endeksinin
negatif soklarina dogru nedensellik iliskisi oldugu bulunmustur. GEPU endeksindeki negatif soklardan XULAS endeksindeki
pozitif soklara, XULAS endeksindeki negatif soklardan da GEPU endeksindeki pozitif soklara dogru nedensellik iliskisinin var-
ligina dair bulgular elde edilmistir. BEYAZ, RYSAS ve GEPU hisse senetlerindeki negatif soklardan GEPU endeksindeki pozitif
soklara dogru bir nedensellik oldugu ortaya ¢ikmistir. Hatemi-J asimetrik nedensellik testi sonuglari, belirsizliklerin arttig1 bir
ortamda hem GPR hem de GEPU endeksindeki pozitif soklarin XULAS endeksinde negatif soklarin nedeni oldugunu gostermistir.
Bu nedenle ulastirma endeksinde yer alan bir sirketin hisse senedine yatirim yapilmasi halinde belirsizlik endekslerinin izlenmesi,
portfdy riskinin yonetilmesi agisindan gereklidir.

5. Sonug

Finansal varliklar ve finansal piyasalar farkli faktorlerin etkisi altindadir. Ozellikle, son yillarda yasanan COVID-19 pandemisi
ve Rusya-Ukrayna savagi gibi olaylar kiiresel ekonomik faaliyetlerde yavaslamaya ve finansal piyasalarda dalgalanmalara neden
olmugtur. Karantina 6nlemleri kapsaminda kapanmalarin yasandigi bu siirecte, sinirlarin kapatilmasi, mal ve hizmet liretiminin
gecici siire ile durdurulmasina bagh olarak tedarik zincirlerinin kesintiye ugramasi, yolcu tagimaciliina ve toplu tasimalara
getirilen kisitlamalar nedeniyle pandemiden en fazla etkilenen sektorlerin basinda ulastirma ve lojistik sektorii gelmistir. Yine
Rusya-Ukrayna savasina bagl olarak, enerji fiyatlarindaki dalgalanma ekonomik ve ticari faaliyetleri etkilemis, iilkelerarasi ticaret
akiglarinda ve lojistik operasyonlarda aksamalar meydana gelmistir. Yerel ve bolgesel dlcekte ortaya c¢ikan ekonomik, siyasi,
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sosyal ve jeopolitik olaylar bulagsma etkisi nedeniyle diger iilkelere de yayilarak farkli etkilere neden olmaktadir. Bu olaylarin
neden oldugu belirsizlikler finansal piyasalar i¢in 6nemli bir risk igcermektedir. Bu faktorler yatirimcilarin karar alma siireclerini
etkiledigi i¢in risk yonetimini daha karmagik hale getirmektedir. Bu nedenle ortaya ¢ikan belirsizlikler karsisinda piyasalarin ve
finansal varliklarin nasil tepki verdiklerinin bilinmesi gerekmektedir. Yatirimcilar bu riskleri dngorebilmek i¢in VIX, CDS primi,
DXY gibi baz1 belirsizlik endekslerini kullanmaktadir. Bu endekslerin disinda EPU, GEPU, GPR, GFSI gibi haber bazli endeksler
geligtirilerek finansal piyasalarin gelecekteki durumu ile ilgili tahminlerde bulunulmaya calisilmaktadir. Belirsizlik endekslerinin
finansal piyasalarin tahmin edilmesinde Oncii olabilecegi diisiincesi arastirmacilarin ilgisini ¢eken bir konu haline gelmistir. Bu
caligma, belirsizliklerin ulastirma sektorii iizerindeki etkilerinin belirlenmesi amacina yogunlagsmaktadir. May1s 2013 — Eyliil 2023
tarihleri arasi aylik verilerin kullanildig1 ¢calismada, GPR ve GEPU endeksleri ile BIST ulagtirma endeksi ve ulastirma endeksinde
yer alan girketler arasindaki nedensellik iliskisi Hacker ve Hatemi-J Boostrap (2006) nedensellik testi ve Hatemi-J (2012) asimetrik
nedensellik testi ile aragtirilmigtir.

Hacker ve Hatemi-J Boostrap (2006) nedensellik testinden elde edilen bulgular hem GPR hem de GEPU endeksleri ile BIST
ulastirma endeksi arasinda karsilikli nedensellik iligkisi oldugunu gostermistir. GPR endeksi ile GSDDE ve PGSUS hisse senetleri
arasinda da karsilikli nedensellik iligkisine rastlanilmigtir. Bununla birlikte, GPR endeksindeki soklarin CLEBI hisse senedindeki
degisimlerin, CLEBI hisse senedindeki gsoklarin ise GEPU’daki soklarin nedeni oldugu belirlenmistir. Bu sonuglar jeopolitik
risklerin ve ekonomik politika belirsizliginin ulastirma sektorii iizerinde Snemli bir etkisinin bulundugu anlamina gelmektedir.

Asimetrik nedensellik testi sonuclart GPR ve GEPU endekslerindeki pozitif soklarin BIST ulastirma endeksi ve endekste yer
alan hisse senetlerindeki negatif soklarin nedeni oldugunu ortaya ¢ikarmistir. Bu bulgu ile ulastirma sektoriine yapilacak bir
yatirimda GPR ve GEPU endekslerinin, tahminde 6nciil olarak kullanilabilecegini sdylemek miimkiindiir. Bununla birlikte GPR
endeksinde ortaya ¢ikan negatif soklardan BEYAZ, CLEBI VE PGSUS hisse senetlerindeki negatif soklara; CLEBI, GSDDE VE
RYSAS’ 1 ise pozitif soklarina dogru nedensellik iligkisi tespit edilmigstir. GEPU endeksinin pozitif soklar1 ile CLEBI, GSDDE
ve THYAO nun pozitif soklar: arasinda ve ayn: zamanda bu degiskenlerin negatif soklar: arasinda da karsilikli nedensellik iligkisi
oldugu goriilmiistiir. Ayrica, GEPU endeksindeki negatif soklardan XULAS endeksindeki pozitif soklara; XULAS endeksindeki
negatif soklardan da GEPU endeksine dogru nedensellik iligkisi oldugu bulunmustur. Kiraci (2020) belirsizlik endeksi olarak
inceledigi DXY’den BIST ulastirma endeksine tek yonlii nedensellik iligkisi tespit etmesine ragmen, calismada hem GPR ile
XULAS hem de GEPU ile XULAS arasinda karsilikli nedensellik iligkisi tespit edilmistir. Sadeghzadeh Emsen ve Aksu (2020) nin
BIST100 ile EPU arasinda nedenselligin olmadig1 yoniindeki bulgusunun aksine ekonomik politika belirsizliginin endeks iizerinde
etkisinin oldugu goriilmiistiir. Ayrica, ¢calismada elde edilen bulgular, Maquieira vd. (2023)’nin GEPU’da meydana gelen pozitif
soklarin hisse senetleri iizerinde negatif etkilerinin oldugu yoniindeki bulgular1 da desteklemektedir. Han ve Li (2023)’nin de
belirttigi gibi GEPU endeksinin dikkate alinmas1 portfoy yonetimi acisindan faydali olacaktir.

Finansal piyasalara yatirim yapan yatirimcilarin takip etmesi gereken gostergelerden birisi de belirsizlik endeksleridir. Belirsizlik
endekslerinde meydana gelen dalgalanmalarin finansal piyasalar lizerindeki hem simetrik hem de asimetrik etkilerinin ne yonde
oldugunun bilinmesi, risklerin yonetilmesi ve bu etkilere karsi yeni stratejilerin gelistirilmesi i¢in gereklidir. Genel ekonomik
faktorler ile jeopolitik risk ve belirsizliklerdeki degisimin dikkate alinmas1 portfdy yonetimi agisindan kritik bir 6neme sahiptir.
Calismada kiiresel belirsizlik endeksleri kullanilmig olup; farkli kiiresel, kategorik veya yerel belirsizlik endekslerinin ya da farkli
sektorlerin incelenmesi ile gelistirilecek yeni bir caligmanin literatiire katki saglayacag diisiiniilmektedir.
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ABSTRACT

This research examines the customers’ comments about the chatbots published in a customer complaint website while shopping
from an e-commerce site or app. First, 89 customers’ complaints were imported from a customer complaint platform to a single
document. Then, the document was subjected to content analysis using a qualitative research tool, Maxqda Plus 2022, and
each comment was categorized under related complaint categories. Second, the frequency of customer complaints categories
was calculated using the same tool. Additionally, visual maps for each category were created to make the complaints more
understandable. While these categorical variables have been addressed in previous studies, variables based on consumer feedback
have only been included in this study. According to the research findings, the most frequent customer complaint category is about
meaningfulness (with a share of 47.6% in the general total). The least frequent ones are the inability to find a real contact person
and the absence of chatbot service (with a share of 7.9%).

Keywords: E-commerce, Chatbot, Customer experience, Customer satisfaction, Dissatisfaction

1. Introduction

The service provided by companies through consumer support lines plays a leading role in customer satisfaction. The content
and speed of consumer response is related to corporate performance (Jayachandran et al., 2004). The faster the response to a
request or complaint or the solution offered, the quicker consumer dissatisfaction is eliminated (Harrison-Walker, 2001). A live
support service that provides assistance at any time creates high costs and effort since it is carried out by customer support staff.
It also requires a technical infrastructure that needs to be integrated into a website, mobile site, or mobile application and requires
instant data flow. Therefore, taking steps such as extending the first call resolution process and creating a pre-reception team with
less technical knowledge stand out as cost-reducing measures (Davenport & Klahr, 1998). The software called "Chatbot" was first
developed in 1994 at MIT under the name of Eliza (Arya, 2019). These programs answered customer questions at a very low cost
by providing automatic answers according to various keywords entered by the user (Othlinghaus-Wulhorst & Hoppe, 2020). These
customer conversation applications created an opportunity to communicate with potential and existing customers through different
interfaces and had the feature of self-development as the communication experience increased with technologies such as artificial
intelligence and machine learning (T.R. Ministry of Commerce, 2020). Companies minimized the cost of staff and maintained a
communication channel that could maintain contact with the consumer 24/7 instead of live support (Cui et al., 2017).

Chatbot applications are widely used in e-commerce sites, especially in service-oriented industries such as telecommunications,
healthcare, travel, education, and finance (Waghmare, 2019). By the end of 2030, the global chatbot market is expected to reach a
total size of USD 3.41 billion (Acumen Research and Consulting, 2022). However, these applications, use pre-prepared answers or
comments to answer questions posed by users or customers (Huang et al., 2007), which sometimes do not provide clear solutions
and cause a negative experience for users who want to solve their problems with a live person (Davidow, 2003). Companies can
provide good customer support via chatbots only if this system is set up correctly. As a result, forty percent of consumers ask for
an interlocutor to convey their positive/negative experience rather than the purpose of obtaining information or asking questions
Xu et al., 2017).

This study aims to determine complaint categories about chatbot software by coding the complaints of customers who shop from
e-commerce sites. It also aims to determine the frequency level of complaint categories. Trying to solve an issue directly affecting

Corresponding Author: Burak Can Altay E-mail: canaltay @istanbul.edu.tr
Submitted: 08.09.2023 e Revision Requested: 18.10.2023 e Last Revision Received: 25.10.2023 o Accepted: 15.12.2023 e Published Online: 12.03.2024

m This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)

112



http://orcid.org/0000-0002-0572-8848
http://orcid.org/0000-0002-8681-320X 

Can Altay,B., Cetintiirk, N., Customer Dissatisfaction Towards Chatbot Services of e-Commerce Shopping Sites: A Qualitative Analysis

customer satisfaction and loyalty with basic software can bring significant risks. Most studies conducted to date have measured
the efficiency of chatbot software in terms of technical capabilities and service quality. Rare studies focused on increasing chatbot
efficiency by categorizing complaints about a single product/service or situation (Anantaram & Sangroya, 2017; Duan et al., 2021).
However, the literature lacks studies that directly analyze active customer complaints and feedback about the chatbot service. This
paper is expected to bridge this gap in the literature.

The remaining parts of the study consist of four sections. The second section shares a literature review summarizing the studies
on chatbot software. The methodology, which reveals the basic approach adopted by this research, is discussed in the following
section. The findings of the study are provided in the fourth section. Lastly, the results and suggestions are presented in the fifth
section.

2. Literature Review

Past research has focused on both the benefits of chatbot software in terms of cost reduction and fast communication with the
customer and the damages caused to companies due to the inability to provide service by a real person. In this context, chatbots were
examined concerning their ability to produce meaningful results (Federici et al., 2020), what extent these tools have a human-like
sensitivity (Almansor et al., 2021), and increasing the significance level of the given answers (Narendra & Setyaningsih, 2021;
Sangroya et al., 2018; Orellana et al., 2021).

Many variables (complaint categories) have come to the fore in previous studies. These variables are meaningfulness, inad-
equate/incomplete response, presence of a real addressee, usefulness/functionality, quality of service, rationality, and technical
competence. Researchers examined the usefulness of chatbots perceived by consumers having chatbot experience and how much
these tools can help them in the development context (Brandtzaeg & Fglstad, 2017; Jenkins et al., 2007). Another research that
applied artificial intelligence, learning process, and role-playing methods (Othlinghaous-Wulhorst & Hoppe (2020) suggested that
chatbots are insufficient to understand some customers, especially for specific problems and for issues that require experience or
competence and to provide them with a realistic interview experience of the kind they are accustomed to conventional call centers.
Similar studies have highlighted that chatbots may provide inadequate and generic responses to specific complaints that require
expertise. Therefore, they revealed that such answers could result in customer dissatisfaction (Shawar & Atwell, 2007). Some
studies proposed chatbots as an auxiliary element to support real customer representatives (Temple & Elie, 2019). In addition,
past studies also suggested that chatbots may have difficulties in using the language of the country served with a stable fluency
and distinguishing the truth and falsity of the messages conveyed, while it is effective in understanding complaints, problems, and
errors and in reporting appropriate answers (Liu et al., 2022).

In studies involving different variables other than meaningfulness, researchers discussed (Crolic et al., 2022; Chung et al.,
2020; Collins et al., 2022; Kuberkar & Singhal, 2020) the anthropomorphic view attributed by the consumer to the chatbots
offered instead of the live customer representative. These studies revealed that since there is no real interlocutor, customers
frequently perceive the respondent as a chatbot, and they tend to be dissatisfied, especially after a negative shopping experience.
When users think the interlocutor is human, not a chatbot, they often share positive social media messages about the service
they receive, and complaints decrease (Cheng & Pan, 2021). In some cases, although chatbots provide correct and meaningful
responses to the fundamental questions related to the subject of the service, they may be insufficient in solving complex problems
(Othlinghaus-Wulhorst & Hoppe, 2020; Khan & Rabbani, 2020). Although Chaves and Gerosa (2020) used different variables
such as proactivity, communicability, meeting user expectations, responding appropriately, not deviating from the topic, being
able to communicate like a human being, and efficient negotiation in their research on an interactive chatbot design, they gathered
all variables under the heading of intelligence in the context of meaningfulness and rationality as a function. Suhaili et al. (2021),
who made a systematic evaluation of chatbot software produced with different technologies, stated that the common point of the
studies on this technology is the variables related to human similarity (existence of a real interlocutor) and the precision of the
given answer (insufficient/incomplete response).

Unlike the studies that concluded that the meaningfulness variable was not efficient enough, in a study conducted during the
pandemic period when people did not communicate physically with each other, five different scales of recommendation scores
were revealed based on consumer feedback. This study found that chatbots exceeded expectations by an 8.6 satisfaction score
(Dosovitsky & Bunge, 2021). Similarly, it was stated that a chatbot prepared to provide career planning support service on
Facebook, the world’s largest social media platform, satisfied the users by finding and transmitting the requested information. It
was also stated that a chatbot can diagnose previously defined diseases of patients after talking to them online (Rigamonti et al.,
2021). However, it is believed that chatbots still have difficulties in responding to more comprehensive and personalized complex
complaints with meaningful messages, except for the usage of predefined keywords and contents (Ni et al., 2017). In fact, for a
chatbot that can produce helpful and accurate responses, the purpose of use and the subject of support need to be determined very
specifically (Gashi et al., 2021; Narynov et al., 2021). Raundale and Sawale (2021) revealed that the accuracy of the responses
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may exceed 90% when the scope is narrowed. Van Den Broeck et al. (2019) believes that the messages given by chatbots that can
produce meaningful answers can be used efficiently, even for advertising purposes (Van Den Broeck et al., 2019).

As users who experience the chatbot system and believe that the interlocutor is a real representative, they perceive it as providing
a quality and reliable service. Other studies revealed that customers would be more satisfied regarding service quality when the
chatbot system ability to react like a real person (the presence of a real interlocutor) was increased. In contrast, customers may turn
to be skeptical of the advice and answers they receive when they know that there is computer software in front of them (Zamora,
2017; Narasiman et al., 2019; Biihrke et al., 2021; Hill et al., 2015; Fglstad et al., 2018). Another study highlighted the result that
the response time of the chatbot is prolonged in users with slow connections, related to internet speed, which is another criterion
used in terms of technical competence in the evaluation of chatbots (Suresh et al., 2021).

Various markets need to respond to consumers instantly. On the other hand, since it requires more technical competence,
follow-up, and service effort, it is known that there is no live support or alternative chatbots on the websites of businesses or
e-commerce pages operating as a marketplace. Although it has certain flaws or does not provide the expected level of service, the
existence of chatbots reveals the support effort supplied by an organization to contact the consumer and solve possible problems.
In this context, the absence of chatbot service should be evaluated as a complaint category. Table 1 shows which variables have
been examined in past studies by comparing the current paper’s variables.

Table 1. Past Studies and Used Variables in These Studies

Crolic et al. (2022); Temple & Elie 2019); Brandtzaeg et al.
Chung et al. (2020); Othlinghaous-Wulhorst & Hoppe Suresh et al. (2017); Jenkins et
. . 0 (2020); Gashi et al. (2021); Van (2021); Temple & O,
Collins et al. (2022); . al. (2007);
- Den Broeck et al. (2019); Narynov  Ellie (2019); .
Kuberkar & Singhal R Othlinghaus-
(2020); Cheng & Pan et al. (2021); Raundale & Sawale Shawar & Atwell Wulhorst & Hoppe
PAST STUDIES ’ s > (2021); Liu et al. (2022); Sangroya  (2007); Anantaram . PP
(2021); Zamora, (2020); Khan &
? . et al. (2018); Chaves & Gerosa & Sangroya . i
(2017); Narasiman et - ! Rabbani, (2020);
e (2020); Federici et al. (2020); (2017); Lin et al. .
al. (2019); Biihrke et o Dosovitsky &
? Almansor et al. (2021); Behere, et (2017); Suhaili,et i
al. (2021); Folstad, et . . Bunge (2021);
al. (2018) al. (2020); Rigamonti, et al. (2021); al. 2021) Duan et al. (2021
: Orellana et al. (2021) uan et al.
Variables included in the current study Common Variables in the past studies
Meaningfulness X v X X
A ic Resp X X X X
Receiving Responses in a Limited X X X X
Category
Insufficient/incomplete response X X v X
Irrelevance of the responses to
the Question X X X X
No Response X X X X
Lack of a real interlocutor v X X X
Usefulness X X X N
Quality of Service v X X X
Rationality X v X X
Primitiveness/Level of X X X X
advancement
Technical Competence X X v X
Absence of Chatbot Service X X X X

3. Method

Complaint sites where a negative experience with a brand’s product or service is shared are often the first public channels
consumers think of to provide feedback (Harrison-Walker, 2001). For this reason, Turkey’s most known and visited independent
customer complaint platform was used to identify complaints about chatbot services of different e-commerce companies. Each
complaint was examined in detail, and irrelevant complaints were eliminated. Then, 89 customers’ complaints were collected in a
single document.

The document, including all complaints, was subjected to content analysis and coded in the Maxqda program to obtain complaint
categories. Then, visual maps were created using obtained codes and related complaints through Single case model analysis and
Code-subcode segments model analysis in the Maxqda program (Release 22.0.0).
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4. Findings
4.1. Frequency Analysis of Complaint Categories

In this study, the complaint categories were first obtained by coding the complaint texts. Then, the frequency level of the
complaint categories was determined by selecting the documents column from the "Code Matrix Browser" in the "Visual Tools"
menu in the Maxqda program. The frequency values of the complaint categories are shown in Fig. 1. The large or small shapes
represented by the square in the figure show the intensity of the customers’ complaints in the relevant category. The intensity of
the customers’ complaints in the relevant category can be understood also by the total number in the same line as the relevant
category.

Figure 1. Code Matrix Browser Showing Frequency of Complaint Categories
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According to the analysis results in Fig. 1, meaningfulness comes first as the main category of customer complaints, with a
share of 47.6% in the general total. Accordingly, the most common and obvious problems created by using chatbots are issues
such as irrelevant responses, incomplete or insufficient information given in a narrow scope, or not receiving a complete response.
However, the main categories in which consumer complaints were gathered the least are the inability to find a real interlocutor,
with a share of 7.9% in the general total, and the absence of chatbot service.

The automatic responses come first in the sub-categories, with a 19% share in the general total. Customers believe that chatbots
are far from finding solutions to specific problems due to the accepted answers, and they give the impression that a service is
offered to the consumers, albeit perfunctorily. The findings show that the sub-category with the least frequency, a share of 3.1%
in the general total, is primitiveness/level of advancement.

4.2. Visual Maps for Customer Comments under Each Category

In the last stage of the research, visual maps were created to clearly show customer complaints and interpret them under each
complaint category. These maps for complaint categories with sub-codes were obtained via code-subcode segments model analysis,
while the ones without sub-codes were created by Single-Case Model (Coded Sections) analysis in the Maxqda. The complaints
under each category and where the complaints are mentioned in the text are shown between Fig. 2 and Fig. 6.

Figure 2. Code-Subcode Segments Model Analysis for Meaningfulness Category
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As seen in Fig. 2, there are five sub-categories under the meaningfulness category. The common feature of these sub-categories
is that they represent the problems that customers experience in getting answers. Customers often complain because of receiving
no, limited, incomplete, monotonous, or irrelevant responses. For instance, customers can find the responses irrelevant when they
already have a problem that needs to be resolved but receive offers that may cause additional financial liability through chatbots.
The communication realized in such situations can be turned into a negative customer experience.

Figure 3. Code-Subcode Segments Model Analysis for Usefulness Category
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As shown in Fig. 3, there are three sub-categories under the main category of usefulness. The common feature of these sub-
categories is that they consist of expressions in which customers explain their negative experiences with intense emotions. When
the contents of the feedback are examined, it is seen that the customers use the support service, even if it is in the form of a chatbot,

with the expectation of performing a specific function. For this reason, a call that seems unproductive regarding functionality or
usefulness creates high dissatisfaction factors, especially in service quality.

Figure 4. Single Case Model Analysis for Lack of a Real Interlocutor Category
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As seen in Fig. 4, the Lack of a Real Interlocutor category includes five statements. The common feature of these expressions

is that they reflect a point of view that the customers find the service provided by the chatbot inadequate compared to a real
interlocutor.
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Figure 5. Single Case Model Analysis for Technical Competence Category
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Fig. 5 shows the complaints under the Technical Competence category. These complaints focus on not functioning correctly and

systematically.
Figure 6. Single Case Model Analysis for Technical Competence Category
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Customers also claim the lack of chatbot service as a subject of complaint. The complaints under the Absence of Chatbot Service

category are presented in Fig. 6.

5. Conclusion

This research focuses on determining the complaint categories concerning chatbot service based on the feedback of the users
who shop from e-commerce sites and come with the expectation of conveying various questions, requests, and demands by using
chatbot software. From this point of view, all the data in the research have been analyzed in line with the different variables that
have emerged in the studies of the chatbot system so far and have been analyzed to reflect the expectations and evaluations of
Turkish users. When the results of the research are evaluated, it is observed that consumer groups in various markets covering
various products or services, regardless of the industry, want to communicate quickly and practically, whether they want to receive
information or support about a problem or experience they have, or request feedback. In line with this expectation, companies
that do not have the opportunity to provide live support services due to financial or operational limitations should offer at least a
convenient channel to their consumers through a chatbot application.

It is a positive factor that consumers find contact with them, even if it is a chatbot. However, planning the chatbot service to cover
the content of information and help requests is critical to success. In fact, according to the research findings, the main topic that
consumers complained about the most was the lack of meaningful feedback. For this reason, companies or institutions that do not
have the opportunity to provide live support but want to meet a particular consumer demand by using chatbots do so only if they
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are competent to create sufficient content coverage; otherwise, this well-intentioned approach, which wants to create satisfaction
even with limited resources, will cause serious customer dissatisfaction. This research’s finding that meaningfulness-related issues
have created the highest level of dissatisfaction confirms this fact. Therefore, it would be better not to offer a chatbot service instead
of an inefficient chatbot service in terms of user experience.

Users expect to find a live contact person as the standard to have a good customer experience and find satisfactory solutions to
their problems. Since conventional customer relations are realized in this way, when individuals recognize that the system they are
messaging, despite its live support appearance, is chatbot software that shares pre-prepared answers, they may have more prejudice
against this system. For this reason, companies first need to give a prompt or message to their users on the chatbot interface that
will make them feel that this system is an automatic message platform. In addition, chatbot service should be considered a tool for
a preliminary assessment that will enable users to categorize their problems and direct them to the right solution point (using it as
a front desk) instead of solving all specific consumer needs.

Today, artificial intelligence (A.l.) applications, which are very successful in terms of semantic competence, are gradually
developing and becoming widespread. These applications, like ChatGPT, expand their content diversity by improving themselves
in line with user responses. In the near future, it is highly probable that these applications will meet the needs of companies in
a broader perspective through machine learning and become the leading software in the background with applications such as
chatbots that aim to provide 24/7 consumer support. For this reason, it is beneficial for industries that require instant consumer
communication to create chatbot systems with the proper planning. However, instead of planning it as a stand-alone customer
support service, it would be appropriate to consider it as an auxiliary resource that can optimize the load of limited human resources
before live support.

The research has limitations. This study used only data from the most widely used complaint site in Turkiye. Therefore, this
research lacks data from other complaint sites and resources. In addition, this research focused on only Turkish e-commerce
companies. In this respect, conducting the study in different markets is vital to obtain more generalized results.

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- B.C.A., N.C.; Data Acquisition- B.C.A., N.C.; Data Analysis/Interpretation-
B.C.A., N.C.; Drafting Manuscript- B.C.A., N.C.; Critical Revision of Manuscript- B.C.A., N.C.; Final Approval and
Accountability- B.C.A., N.C.

Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support.

ORCID IDs of the authors

Burak Can Altay 0000-0002-0572-8848
Naim Cetintiirk ~ 0000-0002-8681-320X

REFERENCES

Acumen Research and Consulting. (2022). Access: 09.01.2022, https://www.globenewswire.com/news-
release/2022/07/25/2485463/0/en/Chatbot-Market-Size-to-Grow-to-USD-3-411-Million-by-2030-Propelled-By-the-Growing-Use-of -
Bots-for-Marketing-and-Promotion-Activities.html

Almansor, E. H., Hussan, F. K. & Hussain, O. K. (2021). Supervised ensemble sentiment-based framework to measure chatbot quality of services.
Computing, 103(3), 491-507.

Anantaram, C. & Sangroya, A. (2017). Identifying latent beliefs in customer complaints to trigger epistemic rules for relevant human-bot dialog.
3rd International Conference on Control, Automation and Robotics (ICCAR), 731-734.

Arya, M. (2019). Access: 09.01.2022, https://chatbotslife.com/a-brief-history-of-chatbots-d5a8689cf52f

Behere, T., Vaidya, A., Birhade, A., Shinde, K., Deshpande, P. & Jahirabadkar, S. (2020). Text summarization and classification of conversation
data between service chatbot and customer. 2020 Fourth World Conference on Smart Trends in Systems, Security and Sustainability
(WorldS4), 833-838.

Brandtzaeg, P. B. & Fglstad, A. (2017). Why people use chatbots. International Conference on Internet Science, 377-392.

Biihrke, J., Brendel, A. B., Lichtenberg, S., Greve, M. & Mirbabaie, M. (2021). Is making mistakes human? On the perception of typing errors
in chatbot communication. In Proceedings of the 54th Hawaii International Conference on System Sciences.

Chaves, A. P. & Gerosa, M. A. (2020). How should my chatbot interact? A survey on social characteristics in human—chatbot interaction design.
International Journal of Human—Computer Interaction.



https://orcid.org/0000-0002-0572-8848
https://orcid.org/0000-0002-8681-320X 

Can Altay,B., Cetintiirk, N., Customer Dissatisfaction Towards Chatbot Services of e-Commerce Shopping Sites: A Qualitative Analysis

Cheng, H.-T. & Pan, Y. (2021). "I'm not a Chatbot": An empirical investigation of humanized profiles of social media customer service
representatives. 54th Hawaii International Conference on System Sciences, 4167-4176.

Chung, M., Ko, E., Joung, H. & Kim, S. J. (2020). Chatbot e-service and customer satisfaction regarding luxury brands. Journal of Business
Research, 117, 587-595.

Collins, C., Arbour, S., B. N., Yama, S., Laffier, J. & Zhao, Z. (2021). Covid connect: Chat-driven anonymous story-sharing for peer support.
Designing Interactive Systems Conference, 301-318.

Crolic, C., Thomaz, F., Hadi, R. & Stephen, A. T. (2022). Blame the bot: Anthropomorphism and anger in customer—chatbot interactions. Journal
of Marketing, 132-148.

Cui, L., Huang, S., Wei, F., Tan, C., Duan, C. & Zhou, M. (2017). Superagent: A customer service chatbot for e-commerce websites. Proceedings
of ACL 2017, 97-102.

Davenport, T. H. & Klahr, P. (1998). Managing customer support knowledge. California Management Review, 40(3), 195-208.

Davidow, M. (2003). Organizational responses to customer complaints: What works and what doesn’t. Journal of Service Research, 5(3), 225-250.
Dosovitsky, G. & Bunge, E. L. (2021). Bonding with bot: User feedback on a chatbot for social isolation. Frontiers in Digital Health, 3, 1-11.
Duan, Y., Yoon, M., Liang, Z. & Hoorn, J. F. (2021). Self-disclosure to a robot: only for those who suffer the most. Robotics, 10(3).

Federici, S., Filippis, M. L., Mele, M. L., Borsci, S., Bracalenti, M., Gaudino, G. & Simonetti, E. (2020). Inside pandora’s box: a systematic
review of the assessment of the perceived quality of chatbots for people with disabilities or special needs. Disability and Rehabilitation:
Assistive Technology, 15(7), 832-837.

Foglstad, A., Nordheim, C. B., & Bjgrkli, C. A. (2018). What makes users trust a chatbot for customer service? An exploratory interview study.
International Conference on Internet Science, 194-208.

Gashi, F., Regli, S. F., May, R., Tschopp, P. & Denecke, K. (2021). Developing intelligent interviewers to collect the medical history: Lessons
learned and guidelines. dHealth, 18-25.

Harrison-Walker, L. J. (2001). E-complaining: A content analysis of an internet complaint forum. Journal of Services Marketing, 15(5), s.
397-412.

Hill, J., Ford, W. R. & Farreras, I. G. (2015). Real conversations with artificial intelligence: A comparison between human-human online
conversations and human—chatbot conversations. Computers in Human Behavior, 49, 245-250.
Huang, J., Zhou, M. & Yang, D. (2007). Extracting chatbot knowledge from online discussion forums. IJCAI, 423-428.

Jayachandran, S., Hewett, K. & Kaufman. (2004). Customer response capability in a sense-and-respond era: the role of customer knowledge
process. Journal of the Academy of Marketing Science, 32(3), 219-233.

Jenkins, M. C., Churchill, R., Cox, S. & Smith, D. (2007). Analysis of user interaction with service oriented chatbot systems. International
Conference On Human-Computer Interaction, 76-83.

Khan, S. & Rabbani, M. R. (2020). Chatbot as Islamic finance expert (CalFE): When finance meets artificial intellige. Proceedings of the 2020
4th International Symposium on Computer Science and Intelligent Control, 1-5.

Kuberkar, S. & Singhal, T. K. (2020). Factors influencing adoption intention of A.l. powered chatbot for public transport services within a smart
city. International Journal of Emerging Technologies in Learning, 11(3), 948-958.

Liu, C., Zhou, S., Zhang, Y., Liu, D., Peng, Z. & Ma, X. (2022). Exploring the effects of self-mockery to improve task-oriented chatbot’s social
intelligence. Designing Interactive Systems Conference, 1315-1329.

Narasiman, S. K., Srinivassababu, T. H., Suhit Raja, S. & Babu, R. (2019). IndQuery-An online portal for registering e-complaints integrated
with smart chatbot. International Conference on Emerging Current Trends in Computing and Expert Technology, 1286-1294.

Narendra, L. W. & Setyaningsih, E. R. (2021). Designing a transactional smart assistant in indonesian using rasa framework. 7th International
Conference on Electrical, Electronics and Information Engineering, 1-6.

Narynov, S., Zhumanov, Z., Gumar, A., K. M. & Omarov, B. (2021). Development of chatbot psychologist applying natural language understanding
techniques. 21st International Conference on Control, Automation and Systems (ICCAS), 636-641.

Ni, L., Lu, C., Liu, N. & Liu, J. (2017). Mandy: Towards a smart primary care chatbot application. International symposium on knowledge and
systems sciences, 38-52.

Orellana, C., Tobar, M. Y., J., P.-O. D. & Guachi-Guachi, L. (2021). A chatterbot based on genetic algorithm: Preliminary results. International
Conference on Applied Informatics , 3-12.

Othlinghaus-Wulhorst, J. & Hoppe, H. U. (2020). A technical and conceptual framework for serious role-playing games in the area of social skill
training. Frontiers in Computer Science, 2(28), 1-20.

Raundale, P. & Sawale, A. (2021). Dialog prediction in institute admission: A deep learning way. 2nd International Conference for Emerging
Technology (INCET), 1-5.

Rigamonti, L., Estel, K., Gehlen, T., Wolfarth, B., Lawrence, J. B. & Back, D. A. (2021). Use of artificial intelligence in sports medicine: a
report of 5 fictional cases. BMC Sports Science, Medicine and Rehabilitation, 13(1), 1-7.

Sangroya, A., Anantaram, C., Saini, P. & Rawat, M. (2018). Extracting latent beliefs and using epistemic reasoning to tailor a chatbot. IJCAI,
5853-5855.

Shawar, B. A. & Atwell, E. (2007). Different measurements metrics to evaluate a chatbot system. Proceedings of the Workshop on Bridging the
Gap: Academic And Industrial Research in Dialog Technologies, 89-96.

Suhaili, S. M., Salim, N. & Jambli, M. N. (2021). Service chatbots: A systematic review. Expert Systems with Applications, 184.

Suresh, N., Mukabe, N., Hashiyana, V., Limbo, A. & Hauwanga, A. (2021). Career counseling chatbot on facebook messenger using A.I. ACM
International Conference Proceeding Series, 65-73.




Journal of Transportation and Logistics

Temple, J. G. & Elie, C. J. (2019). Beyond the chatbot: enhancing search with cognitive capabilities. International Conference on Applied Human
Factors and Ergonomics, 283-290.

Van Den Broeck, E., Zarouali, B. & Poels, K. (2019). Chatbot advertising effectiveness: When does the message get through? Computers in
Human Behavior, 98, 150-157.

Waghmare, C. (2019). Business Benefits of Using Chatbots. Apress.

Xu, A., Liu, Z., Guo, Y., Sinha, V. & Akkiraju, R. (2017). A new chatbot for customer service on social media. Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems, 3506-3510.

Zamora, J. (2017). I’'m sorry, dave, i’'m afraid i can’t do that: Chatbot perception and expectations. Proceedings of the 5th International Conference
on Human Agent Interaction, 253-260.
How cite this article

Can Altay, B., Cetintiirk, N. (2024). Customer dissatisfaction towards chatbot services of e-commerce shopping sites: A
qualitative analysis. Journal of Transportation and Logistics 9(1), 112-120. https://doi.org/10.26650/JTL.2024.1355850



https://doi.org/10.26650/JTL.2024.1355850

Journal of Transportation and Logistics
JTL 2024,9(1), 121-138
DOI: 10.26650/JTL.2024.1149720

ARASTIRMA MAKALESI / RESEARCH ARTICLE

Bulamik CRITIC ve Bulanmik EDAS Yontemleri ile 3 Boyutlu Yazic1 Secimi
3D Printer Selection by Using Fuzzy CRITIC and Fuzzy EDAS Methods

Nihan KABADAYI! @, Siindiis DAG?

1(Dog. Dr.), Istanbul Universitesi, Isletme Fakiiltesi, Uretim Anabilim Dali, Istanbul, Tiirkiye
2(Dog.Dr.), Istanbul Universitesi, Isletme Fakiiltesi, Uretim Anabilim Dals, Istanbul, Tiirkiye

0Z

Giinlimiizde katmanli imalat bir diger adiyla 3 boyutlu yazici ¢ok sayida farkli sektdrde hem prototipleme hem de parca iiretimi
icin yaygin bir sekilde kullanilmaktadir. Geleneksel iiretim yontemlerine gore bircok avantaj saglayan 3 boyutlu yazici teknolojileri
saglik sektoriinden egitim sektoriine ve insaat, otomotiv sektoriinden gida sektoriine kadar genis bir yelpazede kendini goster-
mektedir. 3 boyutlu yazicilarin kullanimi igletmelere maliyet, zaman, kaynak avantaji ve kisisellestirilmis iiriinler liretme imkani
gibi stratejik avantajlar sunmaktadir. Bu sebeple isletmeler icin 3 boyutlu yazici se¢imi kritik oneme sahip bir karar siireclerinden
biridir.

Bu caligmada, Kayseri ilinde plastik mobilya aksamlari iireten bir firmanin prototipleme ve tasarim amaciyla kullanacaklari 3
boyutlu yazicinin se¢im problemi ele alinmistir. Coziim i¢in Bulanik CRITIC ve bulanik EDAS yontemlerinden olugan biitiinlesik
bir Cok Kriterli Karar Verme Yontemi (CKVV) dnerilmistir. ilk asamada grup Teknik, Ekonomi, Performans ve Cevre basliklari
altinda toplanan 20 farkl1 kriterin agirliklar1 bulamk CRITIC yontemi uygulanarak belirlenmistir. Ikinci asamada, firma yetkilileri
tarafindan iiretimlerine uygun olabilecek dort farkli 3 boyutlu yazici belirlenerek, bulanik EDAS yontemi ile bu alternatif yazicilarin
siralamasi gerceklestirilmistir. Gergeklestirilen ¢calismanin sonucunda firmanin 3 boyutlu yazici secim kararinda en etkili kriterin
atik olusumu (K20) oldugu belirlenmistir. Bu kriter, 3 boyutlu iiretimin baski siirecinde kullanilmayan veya atilan malzeme
miktarini ifade eder. Atik olusumu, iiretim siireclerinin cevresel siirdiiriilebilirligini ve maliyetlerini dogrudan etkiledigi i¢in firma
icin 6nemlidir. Elde edilen bulgular dogrultusunda, firma i¢in en uygun 3 boyutlu yazici modeli Flashforge Creator 3 (A1) olarak
belirlenmisgtir. Calismanin sonucunda belirlenen model ile firmanin prototip iiretimi, prototipten iiriine gegis ve hata tespiti gibi
kritik siireclerde fayda elde etmesi beklenmektedir.

ABSTRACT

Nowadays, additive manufacturing, also known as three-dimensional (3D) printing, is widely used in many different sectors for
both prototyping and part production. 3D printer technologies, which offer more advantages compared with traditional production
methods, are applied in a wide range of sectors, from health, education construction, automotive, to food. The utilization of
3D printers offers businesses numerous advantages, including cost reduction, time savings, efficient resource utilization, and the
ability to produce customized products. Therefore, selection of 3D printers is a critical decision-making process for businesses.
This study discusses the 3D printer selection problem of a furniture parts company located in Kayseri, Turkey. An integrated
multicriteria decision making (MCDM) approach, which comprises the fuzzy CRITIC (CRiteria Importance Through Intercriteria
Correlation) and fuzzy EDAS (Evaluation based on Distance from Average Solution) methods, is proposed for the solution. In the
first stage, weights of 20 subcriteria gathered under the four main criteria (technical, economy, performance, and environment) are
determined using the fuzzy CRITIC method. In the second stage, possible four different 3D printer options were determined by the
company experts, and all four of these options were ranked using the fuzzy EDAS method. The application results indicated that
waste generation (K20) holds significant importance as a criterion in the company’s 3D printer selection process. Waste generation
refers to the amount of material discarded or unused during the printing process, which directly impacts both environmental
sustainability and production costs. Moreover, the results identified the Flashforge Creator 3 (A1) as the most suitable printer
among all the options considered.
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EXTENDED ABSTRACT

Nowadays, additive manufacturing, also called three-dimensional (3D) printing, is widely used in many different sectors for both
prototyping and part production. 3D printer technologies, which offer more advantages compared with traditional production
methods, are employed in a wide range of sectors, from health, education, construction, automotive to food. The utilization of
3D printers offers businesses numerous advantages, including cost reduction, time savings, efficient resource utilization, and the
ability to produce customized products. Furthermore, the integration of 3D printers into manufacturing operations helps companies
develop their local production capabilities. Therefore, 3D printing is anticipated to offer significant flexibility to the global supply
chain by enabling companies to quickly adapt to changes in demand or product specifications. For example, if there is a sudden
surge in demand for a particular product, manufacturers equipped with 3D printers can swiftly adjust their production schedules and
begin manufacturing the required items without the need for retooling or extensive lead times. Additionally, 3D printing enhances
resilience within the supply chain by reducing dependency on centralized production facilities and long-distance transportation
networks. In the event of disruptions such as natural disasters or geopolitical conflicts affecting traditional manufacturing hubs,
companies can utilize local 3D printing capabilities to maintain continuity in production and meet customer demands. This
decentralized approach mitigates risks associated with supply chain disruptions and enhances the overall resilience of the global
manufacturing ecosystem. In addition, local production with 3D printers in the supply chain helps reduce carbon footprint and
decrease transportation costs of finished products, thanks to the more effective use of materials.

As a result, the environmental impact of enterprises during production and distribution processes is diminished, leading to
increased efficiency in resource utilization. Consequently, businesses stand to gain from improved sustainable supply chain
capabilities. Recently, 3D printers have become a popular tool in the market that can be used for different purposes. The market
offers a wide range of 3D printer models with varying functions and print quality across different price ranges. Therefore, selecting
the appropriate 3D printer model based on intended use and budget has become a crucial decision for businesses.

The selection of a 3D printer can be considered as a classical multicriteria decision-making (MCDM) problem, as it involves
evaluating options against multiple criteria. This study proposes a practical decision-making tool that companies can utilize to
select 3D printers suitable for their specific purposes. In addition, a comprehensive list of criteria for 3D printer evaluation
is provided to guide companies through the decision-making process of 3D printer selection. An integrated MCDM method,
comprising the fuzzy CRITIC (CRiteria Importance Through Intercriteria Correlation) and fuzzy EDAS (Evaluation based on
Distance from Average Solution) methods, is suggested for the solution. Criteria weights are determined using the fuzzy CRITIC
method, which calculates the importance level of each criterion both objectively and subjectively while processing a large set
of criteria. The fuzzy EDAS method, which is a practical method to solve MCDM problems involving many criteria, ranks the
alternative 3D printer models. This study contributes to the literature by showing, for the first time, the integrated use of the fuzzy
CRITIC and fuzzy EDAS methods for solving 3D printer selection problems.

This study tests the real-life problem solution performance of the proposed model on a production company located in Kayseri,
Turkey. In the first stage, weights of 20 subcriteria gathered under the four main criteria (technical, economy, performance, and
environment) are determined via the fuzzy CRITIC method. In the second stage, four different 3D printer models (Flashforge
Creator 3, Zortrax M200 Plus, Ultimaker 2+ connect, and Zaxe Z1) are suggested by the company experts; these four options
are then ranked using the fuzzy EDAS method. Following this, Flashforge Creator 3 is selected as the most suitable 3D printer
model for the company. The feedback collected from the company experts revealed that the company has reaped many benefits in
prototype production after it started to utilize the selected 3D printer model. Thanks to the utilization of 3D printers, the company
has experienced several advantages, including reduced transition time from prototype to product, early-stage error detection such
as during the design process, and the ability to adjust models according to customer needs, consequently improving customer
satisfaction.

1. Giris

Endiistri 4.0 ile birlikte bircok teknolojinin iiretim ve tedarik zinciri yonetimi alaninda kullanimi yayginlagmistir. Bu teknolojil-
erden birisi de katmanli imalat teknolojileridir. Onceleri sadece prototipleme amaci ile kullanilan katmanli imalat teknolojileri
bilgisayar teknolojilerindeki ve malzeme bilimindeki gelismelere paralel olarak diger alanlarda da farkli amaclarla kullanilmaya
baglamistir (Karag6z vd., 2021). Giinlimiizde birgok firma prototip, kalip ve parca iiretiminde 3 boyutlu yazici gibi katmanli imalat
teknolojilerinden yararlanmaktadir. Katmanli imalat teknolojisinde 3 boyutlu sanal bilgisayar destekli bir tasarim modeli liggensel
kafes yiizeyli bir modele doniistiiriildiikten sonra bu 3 boyutlu model 6zel yazilimlarla katmanlara ayristiritlmakta ve 3 boyutlu
yazici ile en alt katmandan baglayarak katman katman fiziksel bir iirline doniistiiriilmektedir (Kahraman, 2021).

Giinlimiizde hizla degisen miisteri istekleri ve liriinlerin kisalan yagsam egrileri nedeniyle firmalar kiiciik partiler halinde ve ¢ok
cesitlilikteki {iriinii daha kisa siirede ve az maliyet ile iiretmeyi hedeflemektedir. Katmanli imalat yontemlerinin saglamis oldugu
hizli prototipleme, hizli imalat ve hizli kalip iiretimi sayesinde firmalarin bu hedeflerine ulagmasi miimkiin hale gelmektedir. 3
boyutlu yazicilarin iiretimde kullanilmasiyla birlikte firmalar kaliteli parga iiretimi, kullanim kolayligi, hizli tasarim ve iiretim,
diisiik maliyet, ¢esitli {irlin iiretimi gibi avantajlardan faydalanabilmektedir (Khamhong vd., 2019). Buna ilaveten, 3 boyutlu
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yazicilart liretim operasyonlarina dahil edilmesi firmalarin lokal iiretim yeteneklerini gelismesine katki saglamaktadir. Bu da tedarik
zincirlerinin esneklik ve dayaniklilik kazanmasina yardime1 olacaktir. Ayrica tedarik zincirinde 3 boyutlu yazicilar ile lokal tiretimin
gerceklestirilmesi malzemelerin daha etkin kullanilmasi sayesinde karbon ayak izinin azaltilmasi ve bitmis Uriinlerin tagima
maliyetlerinin azaltilmasina fayda saglamaktadir. Bu sayede isletmelerin liretim ve dagitim siire¢lerinde ¢evreye vermis olduklari
zararlar azalmis ve kaynaklarin kullanimi acisindan verimlilikleri artmis olacaktir. Bu da isletmelerin siirdiiriilebilir tedarik zinciri
yeteneklerini arttirmaya fayda saglayacaktir. Gliniimiizde siirdiiriilebilirligin 6nemi diisiiniildiigiinde bu teknolojilere yatirim
yapmanin firmalar agisindan bir baska 6nemli bir faydasinin siirdiiriilebilir iiretim yeteneklerinin gelismesi oldugu sdylenebilir
(Shanker, 2021). Bu sebeplerle son yillarda 3 boyutlu yazicilarin igletmeler tarafindan farkli avantajlar elde edebilmek amaciyla
kullanimi giderek artmaktadir. 2021 yilinda kiiresel 3 boyutlu yazici pazar degeri 15,10 milyar dolar olarak kaydedilmistir. Bu
degerin tahminleme dénemi boyunca yillik bilesik % 24,3 biiyiime oraniyla 2022 yilinda 18,33 milyar dolara ulagmas1 ve 2029
yilinda 83,90 milyar dolar olacagi tahmin edilmektedir. 2019 yili ile karsilagtirildiginda kiiresel pazar biiyiime oraninin 2020
yilinda ortalama %?20,2 oldugu gozlemlenmistir (Fortune Industry Report, 2021).

3 boyutlu yazicilarin 6zellikle imalat sektoriinde kullanimi son yillarda artmis olmakla birlikte ilk olarak sanayide kullanim
otuz yil dncesine dayanmaktadir. Bu otuz senelik siire¢ icerisinde 3 boyutlu yazicilar hem fiziksel olarak hem de teknolojik
olarak bir¢ok degisim gegirmistir (Sonmez vd., 2018). Hayatimizin her alaninda kullanilir duruma gelen 3 boyutlu yazicilar saglik
sektoriinden egitim sektOriine ve ingaat, otomotiv sektdriinden gida sektdriine kadar genis bir yelpazede kendini gostermektedir.
Bu sebeple piyasada farkli kullanim amaclarina uygun farkli modellerde 3 boyutlu yazicilarin iiretimi giin gegtik¢e artmaktadir.
Piyasada farkli fiyat araliklarinda farkli fonksiyon ve baski kalitesini sunan ¢ok sayida 3 boyutlu yazici modeli bulunmaktadir. Bu
sebeple isletmeler i¢in kullanim amaglarina ve biit¢elerine uygun 3 boyutlu yazict modelinin belirlenmesi 6nemli bir karar haline
gelmistir. Piyasada bulunan farkli modellerdeki 3 boyutlu yazicilar arasindan igletmenin belirlemis oldugu farkli kriterlere gore en
uygun olaninin se¢ilmesi klasik bir CKKV problemi olarak ele alinabilir.

Bu caligmada isletmelerin 3 boyutlu yazici seciminde kullanabilecekleri biitiinlesik bir CKKV yontemi sunulmustur. Bu yon-
temde 3 boyutlu yazici se¢ciminde kullanilacak olan kriterlerin 6nem derecesi bulanik CRITIC (CRiteria Importance Through
Intercriteria Correlation) yontemi ile belirlenmistir. CRITIC yontemi kriter agirliklarini hem objektif hem de subjektif bakig
acisiyla degerlendirmeye imkan vermektedir. Bunun yani sira CRTIC yontemi, korelasyon ve standart sapma gibi istatistiksel
gostergeler ile degerlendirme yaparak sonu¢ sunmasi nedeniyle tercih edilmistir. Alternatif 3 boyutlu yazicilarin belirlenen kriter-
lere gore degerlendirilmesi ve siralanmasi bulanik EDAS (Evaluation based on Distance from Average Solution) yontemi ile
gerceklestirilmigtir. EDAS yontemi ise literatiirde ¢ok fazla kullanilmamis olmas: ve uygulamasindaki kolaylik nedeniyle tercih
edilmigtir. Calismanin uygulama boliimiinde bir mobilya firmasinda kalip iiretimi i¢in kullanilacak olan 3 boyutlu yazicinin se¢imi
icin bulanik CRITIC ve bulanik EDAS yontemi uygulanmigtir. Caligmada ele alinan 3 boyutlu yazici se¢iminde ¢ogunlukla nitel
ozellik tasiyan kriterler bulunmaktadir. Bu nedenle karar vericilerin gercek hayattaki kesinlik icermeyen durumlari problemin
¢Oziimiine daha iyi yansitmasina yardimci olan bulanik yontemler tercih edilmistir. Tiirkce literatiirde 3 boyutlu yazici se¢im
problemini ele alan ¢ok az sayida yayim olmasi ve bu ¢alismada kullanilmig olan biitiinlesik yontemin Tiirkge literatiirde heniiz
caligtlmamis olmasi bu caligmanin ulusal literatiire katkisidir. Ayrica uluslararast literatiirde bulanik CRITIC ve bulanik EDAS
yontemlerinin birlikte 3 boyutlu yazici secim probleminin ¢oziimii i¢in daha 6nce kullanilmamig olmasi sebebiyle bu ¢aligmanin
uluslararast literatiire katkis1 olacag: diisiiniilmektedir.

Caligsmanin ikinci boliimiinde literatiirdeki ¢aligmalar dort baslik altinda incelenmistir. Bunlar; 3 boyutlu yazici secimi ile ilgili
caligmalar, CRITIC yontemi ile yapilmig olan ¢alismalar, EDAS yontemi ile ilgili yapilmig olan ¢alismalar ve CRITIC ve EDAS
yontemini birlikte ele alan calismalardir. Uciincii boliimde calismada kullanlan metotlar aciklanmistir. Burada bulanik mantik ile
ilgili genel bilgiler verildikten sonra bulanik CRITIC ve bulanik EDAS yontemlerinin ¢alisma prensibi anlatilmistir. Dordiincii
boliimde ise calismada kullanilmig olan metotlarin gercek hayat probleminde uygulamasi gosterilmistir. Son boliimde ise gelecek
caligmalara yol gosterici olabilmesi amactyla ele alinan problem ve metot ilgili sonu¢ ve onerilere yer verilmistir.

2. Literatiir Taramasi

Bu caligmada literatiir dort boyutta incelenmistir. Bunlar; 3 boyutlu yazici segimi ile ilgili yapilmis olan ¢aligmalar, bulanik CRITIC
yontemi ile ilgili yapilmig olan calismalar ve bulanik EDAS yontemi ile ilgili yapilmis olan calismalar ve bulanik CRITIC ve
bulanik EDAS yontemleri ile birlikte yapilmis olan ¢alismalardir.

Roberson vd. (2013) masaiistii 3 boyutlu yazic1 modellerinin standart bir parcayi liretme yetenekleri iizerinden degerlendirilmesi
icin bir karar modeli olusturmustur. Standart par¢anin bilgisayar ortaminda tasarimi tamamlandiktan sonra farkli model 3 boyutlu
yazicilar ile tiretimi gerceklestirilip ¢ikt1 iirlinlerin modele uygunluk derecesi ve bitis yiizeyi degerlendirilmigtir. Ayrica farkli 3
boyutlu yazic1t modellerinin degerlendirilmesi i¢in tekli veya ¢coklu pargalarin liretim zamani, malzeme kullanimi1 ve birim maliyet
kriterleri de ele alinmigtir. Calismada en uygun 3 boyutlu yazici se¢imi i¢in ilgili kriterlerin degerlendirilmesini saglayan bir yontem
gelistirilmistir. Mancanares vd. (2015) iiretilen pargalarin dzelliklerine bagli olarak bir katmanli imalat siireci se¢im ¢aligmast
gerceklestirmiglerdir. Caligmada ileri siiriilen yontem AHP temelli bir yontemdir. Calismada 3 boyutlu yazict se¢im siireci iki
asamada ele alinmustir. Oncelikle iiretilen her bir parga i¢in boyut ve malzeme gibi kisitlayaci faktorler analiz edilmistir. Daha sonra
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3 boyutlu yazicilar teknolojik ve performans 6zelliklerine gore karsilastirilmistir. Netto vd. (2019) uygun fiyath 3 boyutlu yazic
secimi i¢in AHP yontemini uygulamistir. Calismada ii¢ farklt model 3 boyutlu yazici teknik performans, yazilim yetenekleri ve
ekonomik ozellikleri ana kriterlerine gore degerlendirilmistir. Burada teknik performans ana kriterinin altinda yiizey diizgiinliigi,
boyutsal uygunluk, geometrik uygunluk, baski siiresi alt kriterleri ele alinmis, yazilim yetenekleri ana kriterinin altinda baski hizi
tahmini, malzeme kullanim miktar1 tahmini alt kriterleri ele alinmig ve ekonomik &zellikler ana kriterinin altinda ise fiyat ve
kullanilan malzeme fiyat1 alt kriter olarak ele alinmistir. AHP yonteminin uygulama sonucuna gore teknik performans en énemli
ana kriter olarak belirlenirken yiizey diizgiinliigii de bu ana kriterin altindaki en 6nemli alt kriter olarak belirlenmistir. Chen
ve Wu (2021) calismalarinda bulanik-igbirlik¢i akillit AHP yontemini kullanarak on farkli model 3 boyutlu yaziciy yedi kritere
gore karsilagtirmigtir. Calismada 3 boyutlu yazict degerlendirmesinde kullanilan kriterler fiyat, degerlendirme notu, desteklenen
uygulama tipi sayisi, baski alani, baskida kullanilabilir renk secenekleri ve desteklenen malzeme tiirii sayisidir. Bu ¢aligmada
bulanik-igbirlik¢i akillt AHP yontemi, grup karar verme yontemi olan bulanik geometrik ortalama (FGM) ve bulanik kapsam
analizi (FEA) yontemleriyle karsilastirilmis ve bulanik-isbirlikci akilli AHP yonteminin karar vericilerin ortak fikirlerini yansittig
icin diger yontemlere gore daha gecerli sonuclar iirettigi sonucuna varilmigtir. Prabhu ve Ilangkumaran (2019), 3 boyutlu yazici
secimi i¢in bulanitk AHP, VIKOR ve ELECTRE yontemlerini birlikte uygulamigtir. Bu ¢alisgmada on farkli model 3 boyutlu
yazici hacim, baski hizi, katman kalinligi, ekstriider, fiyat ve filament malzemesinin maliyeti olmak lizere alti kritere gore
degerlendirilmistir.

Cetinkaya vd. (2017) caligmalarinda ii¢ boyutlu yazic1 sektoriinde faaliyet gosteren bir AR-Ge firmasi i¢in en iyi ii¢ boyutlu yazici
secimini gergeklestirmek amaciyla bulantk AHP ve PROMETHEE yontemlerini kullanmiglardir. Bu ¢alismada 3 boyutlu yazici
secimi icin 6nemli olabilecek 17 alt kriter, teknik, ekonomik, performans ve ¢cevre olmak iizere 5 ana kriter altinda ele alinmugtir.
Khamhong vd. (2019) 3 boyutlu yazic1 se¢iminde onemli olabilecek kriterleri teknik uzmanlarin ve kullanicilarin farkli bakig
acilarii ele alarak incelemistir. 3 boyutlu yazici seciminde etkili olabilecek kriterleri yazict ile iiretilen {iriin, yazicinin teknik
ozellikleri ve iiretimde kullanilan malzeme &zellikleri olmak {izere {i¢ ana kriter altinda siniflandirmistir. Bu calismada kriter
agirliklarinin belirlenebilmesi i¢in bulanik AHP yontemi uygulanmistir. Ransikarbum ve Khamhong (2021) saglik sektoriinde
3 boyutlu yazict secimi i¢in bulanik AHP ve TOPSIS yontemlerini kullanmigtir. Bu ¢alismada saglik sektoriinde kullanilan
endiistriyel tip ve masaiistii tip olmak iizere iki farkl1 tip ii¢ boyutlu yazic1 secim siireci incelenmistir. Ug boyutlu yazici se¢iminde
kullanilan kriterler, yazicidan elde edilen iiriiniin 6zellikleri, teknik 6zellikler ve malzeme 6zellikleri olmak iizere ii¢ ana kriter
smift altinda gruplandirilmigtir. Rakhade vd. (2021) bir akademik kurumun inovasyon merkezi i¢in 3 boyutlu yazici se¢imi
konusunda calisma yapmuslardir. Inovasyon merkezi icin uygun olan10 farkli 3 boyutlu yazic tipi belirlenmis ve yazicilar 3 ana
kriter (ekonomik, fiziksel ve operasyonel gereksinimler) 9 alt kriter (baski hacmi, filament kalinlig1, baski hizi, agirlik, hizmet
maliyetleri, ektriizyon sicaklig1, enerji tiiketimi ve enerji ihtiyaci) bazinda degerlendirmeye tabi tutulmustur. AHP yontemi ile
kriter agirliklari belirlenmis ve TOPSIS yontemi ile yazicilarin siralamasi yapilmistir. Sonug olarak inovasyon merkezine en uygun
yazicit modeli ET4 PRO 3IDEA olarak belirlenmistir.

Zagudillin vd. (2021) insansiz hava araclarinin iiretiminde kullanilan 3 boyutlu yazicilarin kalitesi iizerine bir ¢aligma gergek-
lestirmislerdir. Calismanin amaci, insansiz hava araclari i¢in yiiksek kaliteli parca ve diizeneklerin iiretiminde 3 boyutlu yazicilarin
tasarimin1 ve kinematigini, QFD metodolojisinin uygulanmasina dayali olarak daha fazla islem yapmadan analiz etmektir. Calig-
maya gore, kaliteli parga liretimi i¢in 3 boyutlu yazicilarin en 6nemli 6zellikleri: ¢caligma odasinin boyutlari, yiizey diizgiinliigii,
yapisal giivenilirlik, coklu materyal kullanimi, giivenilirlik, kullanim kolayli§1 ve bakim, stabil ¢alisma ve isletim, hazirlik ve
satinalma maliyetleridir.

Literatiir incelendiginde, cok sayidaki ¢alismada CRITIC yonteminin kriter agirliklarinin belirlenmesinde diger CKKV yon-
temleriyle birlikte farkli uygulama alanlarinda kullanildig: tespit edilmistir. Wang ve Zhao (2016) tornalamada kullanilan seramik
alet malzemelerinin mekanik 6zelliklerinin optimizasyonu icin AHP ve CRITIC yontemlerini birlikte kullanmiglardir. Adali ve
Isik (2017) fason imalat¢1 secim probleminde kullanacagi kriterlerin agirliklar: icin CRITIC yontemini ve imalat¢ilarin tam sirala-
masi i¢cin MAUT yontemini 6nermistir. Demircioglu ve Cogkun (2018) tiiketicilerin en uygun kesintisiz gii¢ kaynag: tercihleri
konusunda yaptiklar ¢alismada CRITIC yontemiyle kriter agirliklarini belirledikleri ve MOOSRA yontemi ile ise alternatifleri
siralamuglardir. Tus ve Adal1 (2019) 6zel bir hastanedeki zaman ve devamlilik yazilimi seciminde ilk kez CRITIC ve WASPAS
yontemlerini bir arada kullanmislardir. Kriterlerin agirliklari CRITIC yontemi ile belirlenmis ve en uygun alternatifin bulunmasi
icin alternatifler WASPAS yontemi ile siralanmustir. Aygin (2020) lojistik sektoriinde gergeklestirdigi calismasinda bilgi sistemleri
departmanina alinacak personelin secim siirecinde CRITIC ve MAIRCA yontemlerini bir arada kullanilmistir. Wang vd. (2021)
hastane binalarinin yer se¢imi icin 6nemli kriterleri belirlemigler ve bu kriterlerin agirliklarin1 CRITIC yontemi ile tayin etmiglerdir.
Daha sonra GRP yontemi ile hastane ingaati icin en uygun bolgeyi belirlemiglerdir. Bu ¢aligmalara ek olarak pek cok farkli alanda
CRITIC yontemi bulanik sayilar kullanilarak uygulanmistir. Yang vd. (2021) nesnelerin interneti (IoT) uygulamalarinin iiretim
sektoriindeki siirdiiriilebilir tedarik zinciri ¢aligmalarina olan etkilerini arastirmiglardir. Her firmanin siirdiiriilebilir tedarik zinciri
yonetimine IoT uygularken diisiinmesi gereken konular hakkinda bilgi vermislerdir. Kriter agirliklarinin tahmin edilmesinde bu-
lanik CRITIC yontemini; onceliklendirmede ise bulanik VIKOR yontemini kullanmiglardir. Ali (2021) gerceklestirdigi calismada
CRITIC yontemini kriter agirlik bilgisinin tamamen bilinmedigi durumla bagsa ¢cikmak icin kiiresel bulanik ortama tagimusgtir.
Calismanin 6nemini gostermek icin akilli telefon se¢im problemi iizerinde gelistirdigi modeli uygulamustir. Ghorabaee vd. (2018)
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ingaat ekipmanlarinin ¢evreye olan etkisini siirdiiriilebilirlik agisindan degerlendirebilmek i¢in bulanik CRITIC, bulanik SWARA
ve bulanik EDAS yontemlerini igeren hibrit bir model 6nermistir. Rostmzadeh vd. (2018) siirdiiriilebilir tedarik zinciri risk yonetimi
degerlendirmesi i¢in bir ¢erceve gelistirmeyi amaglamiglardir. Bu amagla, TOPSIS ve CRITIC yontemleri ile kriterlerin 6nemine
dayal1 olarak entegre bir bulanik ¢ok kriterli karar verme yaklagimi 6nermislerdir. Caligmanin bulgularina gore en baskin riskler
makine ve ekipman riskleri, tedarik¢i hatalari, talep dalgalanmalari, hiikiimet politikasi riskleri, bilisim teknolojileri giivenligi ve
ekonomik sorunlar olarak tespit edilmistir. Narayanamoorthy vd. (2019) yenilenebilir su kaynaklarindan geri kazanilmig suyun
kullanim alanlarinin siirdiiriilebilirlik ¢cergevesinde degerlendirilmesinde ¢ok kriterli karar verme tekniklerinden faydalanmiglardir.
Alternatifleri kriterler bazinda degerlendirirken kullanacaklari agirliklart Tereddiitlii bulanik CRITIC yontemi ile belirlemisler ve
sonrasinda Tereddiitlii bulanik MAUT yontemini kullanarak alternatifleri siralamiglardir. Saraji vd. (2021) fintech sirketlerinde
Endiistri 4.0’1n benimsenmesinin 6niindeki zorluklar1 belirlemeyi ve sirketlerin agirlikli zorluklarla ilgili performansin ii¢ temele
dayal1 olarak degerlendirmek icin yeni bir Fermatean bulanik CRITIC-COPRAS yontemi gelistirmeyi amaclamiglardir. Endiistri
4.0’1n benimsenmesinin oniindeki 14 zorluk icerisinden en 6nemli zorlugun koordinasyon ve igbirligindeki zorluk oldugunu ve
bunu degisime direnc ve hiikiimet desteginin izledigini belirtmislerdir. Harleem vd. (2021) dongiisel ekonomi baglaminda Hindis-
tan’daki otomotiv sektorii tedarik¢ilerinin se¢iminde bulanik CRITIC ve bulanik TOPSIS biitiinlesik yontemini kullanmiglardir.
Alt1 ana kriter ve yirmi dort alt kriter uzmanlar tarafindan degerlendirilmis ve cevre kriteri en 6nemli faktor olarak tespit edilmistir.
Alipour-Bashary vd. (2021) insaat sektoriindeki riskleri degerlendirmek i¢in bulanik hata agaci analizi, bulanik CRITIC ve bu-
lanik TOPSIS yontemlerini kullanmiglardir. Daha sonra risk karar matrisi yardimiyla riskleri siniflandirmig ve her bir riskin 6nem
derecesine gore uygun stratejiler sunmusglardir.

EDAS yontemi yeni bir CKKV ydntemi olmasina ragmen literatiirde ¢ok sayida farkli problemin ¢dziimiinde kullanilmustir.
EDAS yontemini ilk olarak ¢aligmig olan Ghorabaee vd. (2015) bu yontemi ¢ok kriterli stok siniflandirma probleminin ¢dziimiinde
kullanmigtir. Bu calismada 47 stok kalemi ii¢ kritere gore degerlendirilerek siralanmigstir. Ayrica bu makalede EDAS yontemi
VIKOR, TOPSIS, COPRAS ve SAW gibi diger CKKV yontemleri ile karsilagtirilarak yontemin gegerliligi test edilmistir. Boylece
EDAS yonteminin CKVV problemlerinin ¢oziimiinde bilinen diger yontemlerle tutarli sonuclar iiretti§i gézlemlenmistir. Ulutag
(2017) EDAS yontemini iiretim kapasitesini arttirmak isteyen bir tekstil atolyesi icin dikis makinesi secim problemini ¢ozmek
amactyla kullanmistir. Ozbek ve Engiir (2018) EDAS yontemini lojistik firma web sitelerinin degerlendirilmesi icin uygulamustir.
Calismada yedi adet lojistik firmasinin web siteleri 11 kritere gore degerlendirilmistir. Stanujkic vd. (2018) EDAS yontemini bir
bilisim teknolojileri firmasinin personel secimi probleminin ¢éziimiinde kullanmistir. Bu calismada personel se¢iminde kullanilan
kriterlerin 6nem dereceleri SWARA yontemi kullanilarak hesaplanmistir. Ulutag (2019) Entropi temelli EDAS yontemi ile lojistik
firmalarinin performansini dl¢limlemistir. Kisa ve Aygin (2019) OECD iilkelerinin lojistik performanslarinin degerlendirilmesi
amaciyla EDAS yontemini uygulamistir. Bu ¢aligmada lojistik performans degerlendirme kriterlerinin énem dereceleri SWARA
yontemiyle belirlenmigtir. Asante vd. (2020) yenilenebilir enerji kaynaklarinin kullaniminin 6niindeki engelleri 6nem derecelerine
gore siralamak icin MULTIMOORA ve EDAS yontemlerini birlikte kullanmigtir. Burada yenilenebilir enerji kaynaklarinin
kullaniminin 6niindeki potansiyel 23 engel alt1 ana baglik altinda degerlendirilmistir.

Literatiirde EDAS yontemi farkl tiirdeki bulanik sayr kiimeleri kullanilarak uygulanmistir. Ghorabaee vd. (2016), ilk defa
literatiirde bulanik EDAS yonetimini uygulamistir. Bu caligmada bir deterjan lireticisi firmanin kimyasal madde tedarik stireci ele
alinarak tedarikgi secim probleminin ¢6ziimii i¢in bulanik EDAS yontemi kullanilmistir. Calismada yapilmis olan duyarlilik analizi
sonuglarina gore bulanik EDAS yonteminin CKKV problemlerinin ¢oziimiinde istikrarli sonuglar iirettigi kanitlanmistir. Kahra-
man vd. (2017) caligmalarinda EDAS yontemini sezgisel (intuitionistic) bulanik sayilar kullanarak gelistirmistir. Bu ¢alismada
EDAS yontemi bulanik olmayan sayilar, bulanik sayilar ve sezgisel bulanik sayilar kullanilarak ii¢ farkli yontem ayni problemin
¢oziimiinde uygulanarak yeni gelistirilmis olan yontemin gecerliligi test edilmistir. EDAS yonteminin diger bir cok CKKV yon-
temine gore daha az hesaplama gerektirdigi ve bu yontemlerle ayni siralama sonuclart iiretti§i gézlemlenmistir. Ayrica sezgisel
bulanik EDAS yonteminin bulanik EDAS yontemine gore biraz daha fazla karmasik hesaplama gerektirmesi nedeniyle bu iki
yontemde farkli siralama formiilasyonunun kullanilmasi gerektigi ifade edilmistir. Calismada kat1 atik imha tesislerinin yer se¢imi
problemi ele alinmigtir. Stevic vd. (2018) bulanik EDAS yontemi ile apartman renovasyonunda kullanilacak olan en uygun PVC
mamul {iretimi yapan marangoz tedarikgisi firmay1 belirlemistir. Burada yedi alternatif PVC iireticisi firma 14 kritere gore deger-
lendirilmistir. Calismanin sonucunda bulanik EDAS yonteminin karar vericilerin fikirlerinden kaynaklanacak subjektifligi goz
oniinde bulundurdugu ve grup karar siireclerindeki belirsizligi hesaba kattig1 belirtilmistir. Yontemde karar vericilerin fikirlerini
objektif bir sekilde harmanlayarak sonuglarin iiretildigi gozlemlenmisgtir. Feng vd. (2018) bulanik EDAS yodnteminde genisletilmis
tereddiitlii (hesistant) bulanik say1 setini kullanarak gelistirmistir. Yontem bir firmanin stratejik proje se¢im probleminde uygula-
narak gecerliligi test edilmigtir. Giindogdu vd. (2018) caligmalarinda farkli birlestirme operatorleri kullanarak yeni bir tereddiitlii
bulanik EDAS modeli sunmuglardir. Onerilmis olan modelin gegerliligini test etmek ve tereddiitlii bulanik TOPSIS y&ntemi ile
karsilagtirmak i¢in yontemi organ naklinde hastane se¢imi problemine uygulamiglardir. Uygulama sonuglarinda tereddiitlii bulanik
EDAS yonteminin tereddiitlii bulamik TOPSIS yontemi ile ayni en iyi alternatifi belirledigi gozlemlenmistir. Bayrakdaroglu ve
Kundakc1 (2019) bulanik EDAS yontemini kullanarak AR-Ge proje se¢imi problemini ¢ézmiistiir. Demircan ve Tung (2019) aralik
tip-2 bulanik EDAS yontemini Istanbul’daki toplu tasima otobiisii operatorlerinin hizmet diizeyini belirlemek icin kullanmistir.
Mukul vd. (2019) akilli ulasim sistemlerinin degerlendirilmesini bulanik EDAS yontemi ile gergeklestirmistir. Bu ¢alismada
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kriter agirliklarinin hesaplanmasi igin bulanik AHP yonteminden yararlanilmigtir. Demirtag vd. (2020) tedarik secim probleminin
¢oziimiinde bulanik EDAS yontemini uygulamistir. Aydin ve Ustiin (2020), bulanik EDAS yontemi ile yiik tastmaciliginda tasima
modu se¢imi problemini ¢ozmiistiir. Bu ¢alismada PFS (Picture Fuzzy Sets) bulanik sayilar1 kullanilmigtir. Yiirliyen ve Ulutag
(2020) bulanik EDAS yontemini ligiincii parti lojistik firmasi se¢im problemine uygulamistir. Bu ¢alismada kriter agirliklar
bulanik AHP yontemi ile belirlenmistir. Calismada bulanik EDAS yonteminin sonuglarinin dogrulugunu test etmek amaciyla
ayni problem bulanik ARAS, bulanik COPRAS ve bulanikk MOORA-Oran yontemleriyle ¢oziilmiistiir. Bulanik EDAS yontemi
diger dort yontemle ayni sonuglari tiretmistir. Béylece yontemin dogrulugu kanitlanmustir. Polat ve Bayhan (2020) calismalarinda
bulanik EDAS yontemi ile tedarik¢i se¢cim problemini ele almigtir. Calismada farkli kriter agirliklari kullanilarak gerceklestirilmig
olan duyarlilik sonucu analizine gore bulanik EDAS yontemi istikrarli sonuglar iireterek her defasinda ayni alternatifi en iyi olarak
belirlemistir. Bulanik EDAS ydntemi pratik ve uygulanabilir bir ydntem olarak tanimlanmistir. Ozdagoglu vd. (2021) laboratuvarda
kullanilacak kan gazi cihazinin se¢imi i¢in bulanik EDAS yontemini uygulamistir. Bu calismada kriter agirliklart bulanmik VIKOR
yontemi ile belirlenmistir. Caligmada bulanik EDAS yonteminin dogrulugu ayni problemin bulanik VIKOR yontemiyle ¢oziilme-
siyle test edilmistir. iki yontem de ayn1 siralama sonuglarim iirettigi i¢in bulanik EDAS yénteminin dogrulugu kanitlanmistir.
Jana ve Pal (2021) genigletilmis bipolar bulanik sayilar kullanarak EDAS yontemini uygulamistir. Gelistirilmis olan yontem bir
yol ingaat firmasinin proje se¢im probleminin ¢oziimiinde kullanilarak yontemin uygulanabilirligi test edilmistir. Yilmaz ve Atan
(2021) bulanik EDAS yontemini uygulayarak en uygun hastane yer secim problemini ¢czmiistiir. Bu caligmada Istanbul’da acilacak
olan yeni bir hastane icin en uygun yerlesim yeri 5 ana kriter ve 17 alt kritere gore belirlenmistir. Veskovic vd. (2020) Bulanik
EDAS yontemi ile tren yolcularinin operatdr se¢imini incelemistir. Kriterlerin agirliklar1 bulanik PIPRECIA yontemi ile belir-
lenmigtir. Bulanik PIPRECIA y&nteminin kalitatif ve kantitatif kriterleri ayn1 anda degerlendirebilmesi nedeniyle bu ¢alismada
tercih edildigi belirtilmistir. Ayrica farkli kriter agirliklariyla gerceklestirilmis olan duyarlilik analizi sonuglar1 bulamik EDAS
yonteminin tutarli sonuglar iirettigini kanitlamigtir. Calismada bulanik EDAS yontemi bulanik MARCOS, bulanik SAW ve bulanik
TOPSIS yontemleriyle kargilagtirilmistir. Bu uygulama sonucunda bulanik EDAS yonteminin diger yontemlerle ayni sonuglari
irettigi gozlemlenmistir. Stanujkic vd. (2017) EDAS yontemini gri sayilar kullanilarak gelistirmistir. Calismada Onerilmis olan
gri EDAS (EDAS-G) yontemi bir ingaat firmasi icin miiteahhit secim probleminin ¢dziimii i¢in kullanilmigtir. Yontemin dogru-
Iugunu test etmek amaciryla COPRAS ve MOORA yontemleri ile siralama sonuglart karsilagtirilmistir. EDAS-G yontemi diger
yontemler ile ayni siralama sonuglarini iirettigi i¢in dogrulugu kanitlanmistir. Huang vd. (2021) EDAS yontemini beklenti teorisi
ile gelistirmistir. Gelistirilmis olan yontem bir yatirim bankasinin yatirim kararlarinin dnceliklendirilmesinde uygulanmigtir. Ayni
problem klasik EDAS yontemi, beklenti teorisi temelli TODIM ve kiimiilatif beklenti temelli TODIM y&ntemleri ile de ¢oziilerek
gelistirilmis olan yontemin performansi degerlendirilmistir. Yapilan performans analizlerine gore beklenti teorisi ile gelistirilmig
olan EDAS yonteminin klasik EDAS yontemine gore karar vericilerin irrasyonel kararlarim1 ¢6ziime dahil ederek daha basarili
sonuclar iirettigi belirlenmistir.

Akgakanat vd. (2018) TR-61 bolgesindeki bankalarin performans degerlendirmesi i¢in CRITIC ve EDAS yontemlerini birlikte
uygulamigtir. Calismada banka performans degerlendirme kriterlerinin 6nem derecesi CRITIC yOnteminin yani sira Modifiye
Edilmig Dijital Mantik (MDL) yontemi ile de belirlendikten sonra her iki yontemden elde edilen farkli dnem agirlik dereceleri
EDAS yontemi kullanilarak bankalarin performans siralamasini belirlemede kullanilmistir. Daha sonra bu iki farkli hesaplama yon-
temi sonuglar1 karsilastirilmis ve her iki yontem ile hesaplanan 6nem derecelerinin EDAS yontemi ile siralanmasinin ayni oldugu
gozlemlenmistir. Kiraci ve Bakir (2019) havayolu firmalarinin kiiresel finans krizi oncesi ve sonrasindaki performanslarin incele-
mek amaciyla CRITIC ve EDAS yontemini birlikte uygulamistir. Burada havayolu firmalarinin performans dl¢iimiinde kullanilan
kriterlerin onem dereceleri CRITIC yontemi ile belirlendikten sonra havayolu firmalarimin performanslarina gore siralanmasi
EDAS yontemi ile gerceklestirilmistir. Can ve Kargi (2019) sektorlerin ig saglig1 ve gilivenligi agisindan risk seviyelerinin belir-
lenmesinde CRITIC-EDAS entegrasyonunu kullanmiglardir. Sektorlerin is sagligi ve giivenligi risklerinin seviyelerini etkileyen
faktorlerin agirliklarint CRITIC yontemi ile elde etmisler; sektor siralamasinda ise EDAS metodunu kullanarak en riskli sektorleri
belirlemeye caligmiglardir. Mishra vd. (2021) siirdiiriilebilir iiclincii parti tersine lojistik hizmet saglayici secimi probleminin
¢Oziimii icin fermatean bulanik say1 seti ile CRITIC ve EDAS yontemlerini birlikte uygulamustir.

Yapilmig olan literatiir caligmasina gore Tiirkge literatiirde 3 boyutlu yazict se¢cim problemini ele alan ¢ok az sayida yayin
bulunmaktadir. Ayrica bu calismada kullanilmig olan bulanik CRITIC ve bulanik EDAS yontemleri biitiinlesik olarak ilgili
problemin ¢oziimiinde Tiirkge literatiirde heniiz calisilmamistir. Buna ilaveten uluslararasi literatiirde bulanik CRITIC ve bulanik
EDAS yontemlerinin birlikte 3 boyutlu yazici se¢im probleminin ¢dziimii i¢in daha 6nce kullanilmamis oldugu tespit edilmistir.

3. Metodoloji

Bu ¢alismada CKKYV yontemleri olan bulanik CRITIC ve bulanik EDAS yontemleri kullanilmigtir. Yontemler asagidaki boliimlerde
ayrintili bir sekilde anlatilmustir.

A. Bulamk Mantik
[k olarak Zadeh (1965) tarafindan gelistirilmis olan bulanik mantik kisisel diisiincelerin sozel ifadeler ile degerlendirilmesine
dayanmaktadir. Bu 6zelligi sayesinde bulanik mantik, karar vericilerin ger¢ek hayattaki kesinlik icermeyen durumlari problemin
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¢Oziimiine daha iyi yansitmasina yardimei olmaktadir. Kesin mantik ile ifade edilmesi miimkiin olmayan durumlara iligkin gercek
hayat problemlerinin ¢dziimiinde bulanik mantik daha etkili sonuglar tiretmektedir (Bayrakdaroglu ve Kundakci, 2019).

Literatiirde genellikle hesaplama kolaylig1 nedeniyle iiggensel (triangular) ve yamuksal (trapezoidal) bulanik sayilar kullanil-
maktadir (Liu vd.,2020). Bu ¢alismada iicgensel bulanik sayilar kullanilarak yontemler uygulanmustir. Est.1de A = (a1, az, az)
licgensel bulanik sayisinin iiyelik fonksiyonu agiklanmustir (Bayrakdaroglu ve Kundakci, 2019).

0, X < a
X—d|
- — a; <x < ap,
— ar—a’
u(x/M) = d3—x (D
a;az, ay £x < as,
0, X > as

A = (aj,a2,a3 ) ve B = (by, by, b3 ) iki pozitif iicgensel bulanik say1 ve k pozitif bulanik olmayan tam say1 olmak iizere
bu sayilar arasindaki aritmetik iglemler asagidaki gibi gerceklestirilmektedir (Ghorabaee vd., 2016; Bayrakdaroglu ve Kundakci,
2019; Kahraman vd., 2003):

o Toplama islemi:

A@E:(a1+b|,a2+b2,a3+b3) @)
Ae)k(a1+k,a2+k,a3+k) 3)

e (Cikartma islemi:
AeB=(ar-bs,ay—by,as - by) )
AeB=(ay-k,ar—k,a3 - k) 5)

e Carpma islemi:
A®B=a1><b1,a2><b2,a3><b3) (6)
A®B=a xk,axk,azxk) )

e Bolme islemi:

Ao B=a/by,ay/bs,a3/b3) (®)
Ao B=a/k,ay/k,a3/k)eger k >0 )
Ao B=as/k,ay/k,ai/k)eger k <0 (10)

e A = (ay,ay,a3) iiggensel bulanik say1 olmak iizere A bulanik sayisinin durulastirlmis degeri Est.11 ile hesaplanir (Bai ve
Wang, 2006).

. 1
k(A) = §(a1 +ap +as) (11)

e Abulanik sayisi ile sifir arasindaki maksimum degerin hesaplanabilmesi i¢in Est. 12 ‘de aciklanmig olan ¢ fonksiyonu
asagidaki gibidir (Ghorabaee vd., 2016).
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B. Bulanik Critic Yontemi
CRITIC yéntemi, kriterler icin objektif agirliklar belirleyen agirliklandirma yontemlerinden biridir. ik olarak 1995°te Diakoulaki
ve arkadaglar tarafindan onerilmistir (Huang vd., 2021; Diakoulaki vd., 1995). CKKV problemlerinde, karar vericinin ihtiyag¢
duydugu kriter 6nem bilgisini saglamaktadir. CRITIC yaklagimi, degerlendirme kriterlerinde yer alan tiim bilgilerin ¢ikarilmasi
icin degerlendirme matrisinin analitik incelemesine dayanmaktadir. Bu yontem, karar verme probleminin yapisindaki karsitligin ve
catigmanin yogunlugunu igerir (Diakoulaki vd. ,1995). Kriterler arasindaki zitliklar1 hesaplamak icin korelasyon analizini kullanir.

Bulanik CRITIC yontemi, CRITIC yonteminin bulanik ortamda uygulanmis bigimidir. Gergek hayatta kargilagtigimiz karar prob-
lemlerinin bircogu belirsiz ve goreceli durumlar icerdigi i¢in ¢oziime ulastirmada giicliikler yasanmaktadir. Klasik yaklagimlar,
bilginin tam ve kesin olmadig1 karmasik karar problemleri i¢in yetersiz kalmakta ve problemler dogru bir sekilde modellene-
memektedir. Bu ¢calismada kullanilan yontemlerin bulanik kiime teorisi ile genigletilmesinin amaci, gercek hayat problemlerindeki
belirsizliklerin dogru bir sekilde tanimlanarak problemlerin daha dogru ¢ézlime ulastirilmasini saglamaktir.

Bulanik CRITIC yonteminin uygulama adimlar1 agagidaki sekilde uygulanmaktadir (Ghorabaee vd., 2018; Rostamzadeh vd.,
2018):

Xij = (xij1,xij2,Xij3) karar vericilerin j. (j=1,2,. .. ..m) kritere gore i. (i=1,2,. . . ..n) alternatif igin belirledigi bulanik performans
degerini gostermektedir. w9 = (w, w" w(}3) j. kritere ait bulanik objektif agirliklari temsil etmektedir. N maliyet kriteri kiimesi
ve B ise fayda kriteri kiimesidir.

Jjr e
1. Asama: Performans degerlerinin doniisiimleri Est. 13’deki formiil ile hesaplanir ve kriter vektorleri Est. 14’deki gibi gosterilir:

KXijk =X

— - cBerjeB
xbp =9 xkk (13)
ijk X —Xijk . .
——— eferjeN
LI
_(, T .T T
Xjg = (xljk,xzjk,.....xnjk) (14)
X, i Xijnin k. (k=1,2,3) elemanimin doniistiiriilmiis degeridir. x ;. j. kriterinin k. vektoriinii gostermektedir. Xl V& X, Xij nin

k. elemanina ve j. kriterine gore ideal ve ideal olmayan degerleridir. Eger, jeB ise x%, = max;x;jx ve x~.
. . Jjk J Jjk
] eleex*.k = min;X;jj ve xjfk = maxixj.

2. Asama: Her vektor icin standart sapma (o ;) Es. 15 ile hesaplanir .

= min;Xx;jj ve eger eger

T

n
Zic1Xijk

15)

s Burada;xjT = .

3.Asama: Genel 6geleri r;? = (J = 1,2,...m ve k=1,2,3) olan m x m boyutunda 3 simetrik matris olusturulur. Bu matrislerin
elemanlart, x ;i ve x ;4 vektorleri arasindaki dogrusal korelasyon katsayisidir. Eger x jx veya x j+i vektorlerinin tiim elemanlar1 ayni
ise korelasyon olmadigini soyleyebiliriz. Bu durumda r;? = 0 olur.

4. Asama: Her bir kriterin bilgi 6l¢iisii Est.16’de belirtilen formiil ile hesaplanir.

Hjx = o 20_ (1=rf) (16)
5. Asama: Siralanmamig objektif agirliklar Est. 17°de verilen formiil ile hesaplanir.
H;

TS Hy
6. Asama: Her kritere ait baglangi¢ bulanik objektif agirlik degerleri Est. 18, Est.19 ve Est. 20 ile belirlenir.
W;’é = maxgw'y (18)
w% = maxk’w‘,;kiw‘%w;fk (19)
w;’i = minkw?k (20)

C. Bulamik Edas Yontemi
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EDAS yontemi alternatiflerin ortalama ¢6ziim uzakligina gore degerlendirerek siralanmasini saglayan bir CKKV yontemidir. Bu
hesaplama yapisi nedeniyle diger cok bilinen CKKYV yontemleri olan TOPSIS ve VIKOR yontemlerine benzemektedir (Gilindogdu
vd., 2018). EDAS yontemi, 2015 yilinda Ghorabaee vd. (2015) tarafindan gelistirilmis olan yeni bir CKKV yontemidir. Yontemin
kolay uygulanabilir olmasi ve agir matematiksel islemler gerektirmemesi karar vericiler tarafindan tercih edilmesini saglamaktadir.

A= Ay, As,.....A, n adet alternatifin bulundugu kiime, C= Ci,(,,0.....C,, m adet kriterden olusan bir kiime ve D=
Dy,D,,.....Di k adet karar vericiden olusan bir kiimeyi ifade etmektedir. Bulantk EDAS yonteminin uygulama asamalar1
asagidaki gibi 6zetlenebilir (Ghorabaee vd., 2016; Yiiriiyen ve Ulutag, 2020):

1. Asama: Karar vericilerin alternatifler i¢in belirlemis oldugu performans degerleri ile biitlinlestirilmis bulanik karar matrisi
(X) olusturulur:

X= [iij]nxm 2D

xij = (T8 %ijm) /4 (22)

X;jp degeri, p karar vericisinin (1 < p < d), A;(1 < in) alternatifini C;(1 < j < m) kriterine gore belirledigi performans
degerini ifade etmektedir. Buna gore Est. 22 kullanilarak her bir alternatif i¢in ilgili kriterlere gore her bir karar verici tarafindan
tayin edilen performans degerlerinin geometrik ortalamasi alinarak biitiinlestirilmis bulanik karar matrisi olusturulur.

2. Asama: Ortalama ¢6ziim matrisi (AV) Est. 23 ve 24 kullanilarak hesaplanir:

AV = [Zl“jj)]lxm (23)
— 1
an = Zz;l:lf[j (24)

Burada (av ;) her bir kriter i¢in alternatiflerin ortalama ¢6ziim degerini ifade etmektedir.

3. Asama: B kiimesi faydali kriterler kiimesini ve N kiimesi maliyet kriterler kiimesini ifade etmektedir. Bu asamada ortalama
pozitif uzaklik matrisi (PDA) ve ortalama negatif uzaklik matrisi (NDA) kriter tiiriine (fayda veya maliyet) gore hesaplanir. k(A)
ve i degerlerinin hesaplanmasi Est. 11 ve Est. 12°de agiklanmustir.

PDA = [pda;lmn (25)
NDA = [”%ij]mxn (26)
Y (Xij—av;) o .
P W egerJeB
pdaij d,(ﬁj_"jl.j) ederieN (27)
x(av;) gerje

Y (Xij—av;) (28)
k(avj)

Y(av;-%ij) o .
’%ij vy cger) eB
egerjeN
Est. 27 ve 28 ‘de agiklanan pda;; ve nda;; degerleri j. alternatifin i. kriter i¢in ortalama ¢6ziim degerlerinden pozitif ve negatif
uzaklik performans degerlerini ifade etmektedir.

4. Asama: Pozitif ve negatif uzaklik degerleri kriter onem agirlik degerleri ile ¢arpilip toplanarak her alternatif icin agirlik-
landirilmig pozitif ve negatif uzakliklar Est. 29 ve 30 yardimiyla hesaplanir.

sp; =20 (W, = pdajj) (29)

S~I’li = (W] * ndaij) (30)

J=1
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5. Asama: Tiim alternatifler i¢in 5p; ve sn; degerleri Est. 31 ve 32 kullanilarak normalize edilir.

__ 5P
=t 31
P S, (eGp) b
__ sn;
i=l-— 32
e max; (k(sn;)) (32)
6. Asama: Est. 33 kullanilarak tiim alternatifler i¢in degerlendirme skoru (as ;) hesaplanir.
— | R
asj = E(nspi + nsn);) (33)

7. Asama: Alternatifler degerlendirme skoruna (as;) gore biiyiikten kiigiige siralanir. Degerlendirme skoru en biiyiik olan
alternatif en iyi olarak belirlenir.

4. Uygulama

Giiniimiizde 3 boyutlu yazicilarin fiyatlarinin ucuzlamasi ve yayginlasmasiyla birlikte bu yazicilarin KOBI’lerde prototip iiretimi,
iiriin {iretimi gibi amaglarla kullanimi1 yayginlagmistir. 3 boyutlu yazicilar farkli sektdrlerde gesitli amaglarla kullanilabilmektedir.
Mobilya sektoriinde parca montaji gerektirmeyen iiriinlerin tlimiiniin 3 boyutlu yazicilar ile iiretilmesi miimkiin hale gelmisgtir.
Mobilya iiretimini geleneksel olarak gerceklestiren firmalar ise hizli bir sekilde prototip hazirlama amaciyla 3 boyutlu yazicilardan
faydalanabilmektedir. Ayrica mobilya sektdriindeki iiriin ¢esidinin yiiksek olmasi ve modellerin siklikla degismesi gibi dezavan-
tajlarin etkileri 3 boyutlu yazicilar sayesinde azaltilabilmektedir.

Bu boliimde Kayseri ilinde faaliyet gosteren plastik mobilya aksamlar iireten bir firmada 3 boyutlu yazici se¢im karar siireci
ele alinmigtir. Firma prototip liriin iiretiminde maliyet ve zaman avantaji elde edebilmek i¢in geleneksel yontemlerin yerine 3
boyutlu yazici kullanma karar1 almistir. 3 boyutlu yazici se¢im problemi ¢ok sayidaki alternatif modelin bir kriter setine gore
degerlendirilmesini amacladig: i¢in bu problem klasik bir CKKV problemi olarak ele alinmistir. Bu amagla firmanin prototip
tiretimindeki ihtiyaglarini en iyi diizeyde karsilayacak 3 boyutlu yazicinin secimi i¢in bulanik CRITIC ve bulanik EDAS yon-
temlerinden olugan biitiinlesik bir CKKV yontemi uygulanmigtir. Calismanin karar verici grubu iki adet firma yetkilisi ve bir
akademisyen olmak iizere ii¢ kisiden olugsmaktadir. Yetkililerden biri plastik enjeksiyon sektoriinde cesitli asamalarda uzman ve
yonetici seviyelerinde calismis fabrika miidiiriidiir. Diger firma yetkilisi 10 yildir ayn1 fabrikada calisan ve imalat teknolojileri
konusunda arastirmalar1 olan {iretim yoneticisidir. Calismaya katkida bulunan akademisyen endiistri miihendisligi alaninda uz-
manlagmus, iiretim teknolojileri ve karar verme iizerine ¢aligan bir 6gretim iiyesidir. Ilk asamada en uygun yazicinin segiminde
etkili olan kriter seti literatiirdeki ¢aligmalar incelenerek ve karar verici grubun da fikirleri degerlendirilerek olusturulmustur. Bu
caligmanin sonucunda 3 boyutlu yazici seciminde 6nemli olabilecek 23 alt kriter belirlenmistir. Bu kriterler teknik, performans,
ekonomi ve ¢evre olmak iizere 4 ana kriter grubu altinda diizenlenmistir. Tablo 1°de bu kriterler ve tanimlar1 gosterilmistir. Firma
yetkilileri prototip iiretimi i¢in uygun olabilecek dort alternatif 3 boyutlu yazici modeli belirlemistir. Bunlar; Flashforge Creator 3
(A1), Zortrax M200 Plus (A2), Ultimaker 2 +connect (A3) ve Zaxe Z1 (A4)’dir.

Tablo 1. 3 boyutlu yazici degerlendirme kriterleri ve tamimlar

Ana Kriterler Alt Kriterler

Tamm

Referans

Kullanim kolaylig1

Cihazin kolay bir sekilde kurulumu ve
kullanilabilirligi

(Cetinkaya vd., 2017,
Ransikarbum ve Khamhong,
2021; Zagidullin vd., 2021)

Otomatik Kalibrasyon

Cihazin teknik ayarlariin otomatik olarak
cihaz tarafindan yapilmast

(Cetinkaya vd., 2017)

Coklu Ekstriider

Cihazin birden fazla baski kafasinin
bulunmasi

(Prabhu ve Ilangkumaran, 2019;
Cetinkaya vd., 2017)

Filament Kalinlig1

Teknik
Ozellikler

Cihazda kullanilan tiretim maddesinin
mm cinsinden kalinlig

(Manganares vd., 2015;
Cetinkaya vd., 2017;
Rakhade,2021; Zagidullin vd.,
2021)

Wi-Fi Baglantisi

Cihazin kablosuz internete baglanabilme
Ozelligi

(Cetinkaya vd., 2017)

Ekipman korumasi

Kapali kabin 6zelligi

(Cetinkaya vd., 2017)

Tek tip filament kullanim
zorunlulugu

Cihazin bir gesit filament kullanima izin
vermesi

(Cetinkaya vd., 2017)

Agirlik

Cihazin kilogram cinsinden agirlig

(Manganares vd., 2015;
Cetinkaya vd., 2017; Rakhade,
2021)
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Baski Hacmi

Cihazin maksimum yazdirma alani

(Khamhong vd., 2019; Roberson
vd., 2013; Manganares vd.,
2015; Chen ve Wu, 2021;
Prabhu ve Ilangkumaran, 2019;
Cetinkaya vd., 2017,
Ransikarbum ve Khamhong,
2021)

Baski Hizi

Cihazin bir saatte mm cinsinden bastig1
alan

(Roberson vd., 2013;
Manganares vd., 2015; Prabhu
ve Ilangkumaran, 2019;
Ransikarbum ve Khamhong,
2021; Zagidullin vd., 2021)

Hazirlik stiresi

Cihazin iretime baglayabilmesi igin
gereken siire

(Cetinkaya vd., 2017)

Performans Yiizey diizgiinligii Cihazin bastig1 bitmis driiniin yiizey (Khamhongvd.,2019; Roberson
kalitesi vd., 2013; Ransikarbum ve
Khamhong, 2021)
Parga diizgiinligi Cihazin bastig1 bitmis lirliniin sekil (Zagidullin vd., 2021)
kalitesi
Modelleme hassasiyeti Cihazin modele uygun iiretim yapabilme (Khamhong vd., 2019;
yetenegi Ransikarbum ve Khamhong,
2021)
Baski hassasiyeti Cihazin belirlenen olgiilere uygun iiretim  (Manganares vd., 2015)
yapabilme yetenegi
Katman ¢oziintirligii Cihazin bastigi her bir katmanin mikron (Roberson vd., 2013)
cinsinden degeri
Stabil calisma durumu Cihazin sorunsuz ve kararli bir sekilde (Zagidullin vd., 2021)
tiretim yapabilme yetenegi
(Khamhong vd., 2019; Roberson
vd., 2013; Manganares vd.,
Fiyat Cihazin parasal degeri 2015; Ransikarbum ve
Khamhong, 2021; Chen ve Wu,
2021; Prabhu ve Ilangkumaran,
Ekonomi 2019), (Rakhade, 2021)
Parga ve bakim maliyeti Cihazin yedek parca ve bakim giderleri (Khamhong vd., 2019;
Zagidullin vd., 2021)
Enerji Tiiketimi Cihazin watt cinsinden bir saatte (Manganares vd., 2015;
kullandig1 enerji miktari Cetinkaya vd., 2017; Rakhade,
2021)
Ses emisyonu Cihazin ¢alisirken disariya verdigi giiriiltii  (Cetinkaya vd., 2017)
seviyesi
Cevre Karbon emisyonu Cihazin ¢alisirken disartya verdigi karbon  (Cetinkaya vd., 2017)

miktari

Atik miktart

Cihazin calisirken disartya verdigi atik
madde miktart

(Roberson vd., 2013; Cetinkaya
vd., 2017)

Tablo 1’de gosterilmis olan kriter seti karar verici grup tarafindan firmanin 3 boyutlu yazici se¢im kararn lizerindeki ilgi ve
etki diizeyi acisindan degerlendirilmistir. Bu ilk degerlendirme sonucunda alternatiflerin tiimiinde bulunan ve bir karar faktorii
olmayan wi-fi baglantisi, ekipman korumasi ve tek tip filament kullanim zorunlulugu kriter setinden ¢ikartilmigtir. Bunun iizerine
firmanin 3 boyutlu yazici se¢ciminde kullanilmak {izere belirlenen nihai kriter seti Tablo 2‘deki gibi olusturulmustur.

Bir sonraki adimda karar vericilerin Tablo 3’deki s6zel degerlendirme 6l¢egi (Feng vd., 2018; Yiiriiyen ve Ulutas, 2020) ile her
bir alternatifi ilgili kritere gore degerlendirerek olusturdugu karar matrisi Tablo 4‘de gdsterilmistir.

3 boyutlu yazici se¢iminde etkili olan kriterlerinin objektif 6nem agirliklarinin belirlenmesi amaciyla oncelikle Tablo 4°deki
sozel degerlendirmeler Tablo 1 ‘deki bulanik iiggensel say1 karsiliklarina ¢evrilmis ve daha sonra Egt. 22 kullanilarak ortalama
bulanik karar matrisi elde edilmistir. Tablo 5’de ortalama bulanik karar matrisi gosterilmistir. Tablo 5, bulanik CRITIC ve bulanik
EDAS yontemlerinin karar matrisi olarak kullanilmstir.
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Tablo 2. 3 Boyutlu yazici degerlendirme kriter seti

Ana Kriterler Alt Kriterler

Kullanim kolaylhigi (K1)
Otomatik Kalibrasyon (K2)

Teknik Kriterler Coklu Ekstriider (K3)
Filament Kalmligi (K4)
Agirlik (K5)
Baski Hacmi (K6)
Baski Hiz1 (K7)
Hazirlik siiresi (K8)

Yiizey diizgiinligi (K9)

Performans Parga diizgiinliigii (K10)

Modelleme hassasiyeti (K11)
Baski hassasiyeti (K12)

Katman ¢oziiniirligii (K13)

Stabil ¢alisma durumu (K14)
Fiyat (K15)

Ekonomi Parga ve bakim maliyeti (K16)
Enerji Tiiketimi (K17)

Ses emisyonu (K18)

Cevre Karbon emisyonu (K19)
Atik miktar1 (K20)

Tablo 3. Sozel ifadeler ve Uggen Bulanik Sayt Olgegi

Sozel ifade Ucgen Bulanik Say1
Cok yiiksek (CY) (7,9,9)
Yiiksek (Y) (5,7,9)
Orta (O) (3,5,7)
Diisiik (D) (1,3,5)
Cok Diisiik (CD) (1,3,3)

3 boyutlu yazic1 se¢iminde etkili olan kriterlerin bulanik 6nem agirlik degerleri bulantk CRITIC yonteminin ¢6ziim adimlari
uygulanarak hesaplanmistir. Burada K5, K8, K15, K16, K17, K18, K19 ve K20 kriterleri maliyet kriteri (N) ve diger kriterler fayda
kriteri (B) olarak ele alinarak hesaplamalar yapilmistir. Buna gore, ilk olarak Est. 13 yardimu ile kriterlerin performans degerlerinin
doniistimleri gerceklestirilmis ve doniistiiriilmiis degerler Es. 14°deki gibi vektor haline getirilmistir. Daha sonra degerlerin standart
sapmalar1 hesaplanarak ikinci adim uygulanmistir. Ugiincii adimda kriterlerin arasindaki korelasyon degerlerinin hesaplanmasiyla
korelasyon matrisi olusturulmustur. Bu asamadan sonra ikinci ve {igiincii asamalarda hesaplanan degerler kullanilarak Est. 16
yardimiyla her bir kriterin bilgi ol¢iisii hesaplanmustir. Besinci asamada, kriterlerin siralanmamig objektif agirlik degerleri Est.
17 ile hesaplanmig ve daha sonra Est. (18-20) kullanilarak kriterlerin baglangi¢ bulanik objektif agirlik degerleri belirlenmigtir.
Baslangic¢ bulanik objektif agirlik degerleri Tablo 6’da verilmistir. Kriterlerin durulagtirilmig agirlik degerleri Est. 11 kullanilarak
hesaplanmig ve Tablo 6’da gosterilmistir. Buna gore 3 boyutlu yazici segiminde en 6nemli agirliga sahip olan ii¢ kriter sirastyla
K20, K18 ve K19 olarak belirlenmistir.

3 boyutlu yazici seciminde etkili olan kriterlerin dnem dereceleri belirlendikten sonra firma tarafindan belirlenmis olan alternatif
3 boyutlu yazict modellerinin siralamasi bulanik EDAS yontemi kullanilarak gergeklestirilmistir. Burada ilk agamada Tablo 5’deki
ortalama karar matrisi kullamlarak Est. 22 yardimiyla bulanik ortalama ¢6ziim degerleri (av ;) hesaplanmstir. Bu degerler Tablo
5’de gosterilmigtir. Bu asamadan sonra ortalamaya pozitif uzaklik matrisi (PDA) ve ortalamaya negatif uzaklik matrisi (NDA)
kriter tiiriine (fayda veya maliyet) uygun olarak Est. 27 ve Est. 28 kullanilarak hesaplanmistir. Tablo 7 ve Tablo 8’de sirasiyla tiim
alternatifler icin pozitif uzaklik (PDA) ve negatif uzaklik (NDA) degerleri gosterilmigtir. Bu tablolardaki hesaplamalar yapilirken
ticgensel bulanik sayi ile sifir arasindaki maksimum degerin bulunabilmesi icin Est.12°den faydalanilmstir.

Alternatiflerin agirliklandirilmig toplam pozitif ve negatif uzaklik degerlerinin hesaplanabilmesi icin Egt. 30 ve Est. 31°den
faydalanilmistir. Daha sonra Est.32 ve Est.33 kullanilarak bu degerler normalize edilmistir. Normalize edilmis olan degerler
kullanilarak tiim alternatifler igin bulanik degerlendirme skoru (as);) Est.34 ile hesaplanmis ve tiim bu degerler Tablo 9°da
gosterilmistir.
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Tablo 4. Alternatiflerin Kriterlere Gore Sozel Degiskenler ile Degerlendirilmesi

Kriter Al A2 A3 A4
KV1 KV2 KV3 KVl KV2 KV3 KVl KV2 KV3 KVl KV2 KV3
K1 Y CY CY Y Y Y Y Y Y (6] (0} Y
K2 CcY CY CY CY CY CY CY CY CY CY (0} Y
K3 CY CY CY CD CD CD CY CY CY CD (0} CY
K4 Y Y Y Y Y Y Y CY CY (D Y Y
K5 D CD D Y D D CY CY CY D Y Y
K6 CY CY CY Y (0} (6] O Y Y 0 (0} O
K7 D O O Y Y Y O Y Y D D D
K8 O O O Y Y Y Y Y Y Y CY CY
K9 CcY cY Y Y Y Y 0 0 0 o} 0 D
K10 Y CY (004 Y Y Y O O Y (6] O O
K11 CY CY Y Y Y Y Y Y Y Y Y (6]
K12 Y CY CY CY CY CY Y Y Y Y Y Y
K13 CY CY Y Y Y Y Y Y Y o 0 0
K14 Y Y CY CY CY CY Y Y Y Y Y Y
K15 O Y Y D (0} (¢} CD D D CY CY CY
K16 O O Y (0} (6] D CY D Y CY CY Y
K17 D CD O (0} (0} Y (¢} (¢} Y CY CY CY
K18 O O O O O (¢} CY CY CY D D D
K19 Y Y Y CY CY CY (¢} (¢} (¢} Y Y Y
K20 CY CY Y CY CY Y CY CY CY Y Y O
Tablo 5. Ortalama Bulanik Karar Matrisi
Alternatif 3 Boyutlu Yazic1 Modelleri
Kriterler Al A2 A3 Ad Ortalama (AV)
K1 (6,26;8,28;9,00) 5;7;9 5;7,9 (3,56; 5,59; 7,61) (4,95; 6,678,65)
K2 (7;9; 9 (7;9; 9 (7;9;9) (4,72; 6,80; 8,28) (6,43; 8,45; 8,82)
K3 (7;9; 9) (15 3;3) (7;9;9) (2,76; 5,13; 6,80) (4,44; 6,53; 6,95)
K4 5;7;9 5;7;9) (6,26; 8,28;9,00)  (2,92; 5,28; 7,40) (4,80; 6,89; 8,60)
K5 (1; 3; 3,56) (1,71; 3,98; 6,08) (7;9;9) (2,92; 5,28; 7,40) (3,16; 5,31; 6,51)
K6 (7;9;9) (3,98; 5,00; 7,61)  (4,22; 6,26; 8,28) 3;5,7) (4,55, 6,31;7,97)
K7 (2,08;4,22;6,26) 5;7;9 (4,22; 6,26; 8,28) (1;3;5) (3,07; 5,12; 7,13)
K8 3;57 5;7;9 5;7;9 (6,26; 8,28; 9,00) (4,81; 6,82; 8,50)
K9 (6,26;8,28;9,00) 5;7;9) 355, 7) (2,08; 4,22;6,26) (4,08; 6,12; 7,81)
K10 (6,26;8,28;9,00) 5;7;9 (3,56; 5,59;7,61) 3557 (4,45; 6,47, 8,15)
K11 (6,26;8,28;9,00) 5;7;9 5;7,9 (4,22; 6,26; 8,28) (5,12; 7,13, 8,82)
K12 (6,26;8,28;9,00) (7;9;9) 5;7;9 5:7,9 (5,81; 7,82; 9,00)
K13 (6,26;8,28;9,00) 5;7;9 5;7,9 3557 (4,81; 6,82; 8,50)
K14 (5,59; 7,61;9) (7;9;9) 5;7;9) 5:7;9) (5,65; 7,65; 9,00)
K15 (4,22;6,26; 8,28)  (2,08; 4,22; 6,26) (15 3;4,22) (7,99 (3,57; 5,62; 6,94)
K16 (3,56;5,59; 7,61)  (2,08; 4,22; 6,26)  (3,27;5,74; 7,40)  (6,26;8,28;9,00) (3,79; 5,96; 7,57)
K17 (1,44;3,56; 5,59)  (3,56;5,59; 7,61) (3,56;5,59; 7,61) (6,26;8,28;9,00) (3,70; 5,76; 7,45)
K18 3;5:7) 3;5:7) (7;9;9) (1;3;5) (3,50; 5,505 7,00)
K19 (5:7:9) (7;9;9) (3:57) (5:7;9) (57;8,50)
K20 (6,26;8,28;9,00)  (6,26; 8,28; 9,00) (7,99 (4,22; 6,26; 8,28) (5,93; 7,95; 8,82)

Son asamada her bir alternatif icin durulastirilmis degerlendirme skorlar1 K(asj) Est. 11 yardimiyla hesaplanmig ve Tablo 9°da
gosterilmistir. Yapilmis olan hesaplamalara gore 3 boyutlu yazicilar arasindaki siralama A1>A2>A3>A4 seklinde olmustur. Buna
gore alternatif 3 boyutlu yazicilar arasindaki A1 (Flashforge Creator 3) firma icin en uygun alternatif olarak belirlenmistir.
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Tablo 6. Bulanik Kriter Agirliklar:

Kriterler Bulamik Agirhik Degerleri Durulastirilmis Agirhk
Degerleri
K1 (0,029; 0,031;0,043) 0,034
K2 (0,039; 0,042;0,043) 0,041
K3 (0,063;0,068;0,071) 0,067
K4 (0,043;0,043;0,045) 0,043
K5 (0,037;0,040;0,043) 0,040
K6 (0,052;0,053;0,060) 0,055
K7 (0,052;0,057;0,081) 0,063
K8 (0,038;0,039;0,042) 0,040
K9 (0,031;0,033;0,038) 0,034
K10 (0,052;0,055;0,059) 0,055
K11 (0,033;0,034;0,059) 0,042
K12 (0,035;0,038;0,49) 0,041
K13 (0,036;0,037;0,48) 0,040
K14 (0,033;0,035;0,43) 0,037
K15 (0;0,050;0,50) 0,033
K16 (0,031;0,033;0,43) 0,036
K17 (05 0,056; 0,057) 0,038
K18 (0,076;0,083;0,088) 0,082
K19 (0,070;0,073;0,077) 0,073
K20 (0,095;0,103;0,118) 0,105

Tablo 7. Tiim Alternatifler icin Ortalamaya Pozitif Uzaklik (PDA) Degerleri

Alternatif 3 Boyutlu Yazic1 Modelleri

Kriterler Al A2 A3 A4
K1 (-0,01;0,01; 0,03) (-0,02; 0,00; 0,03) (-0,02; 0,00; 0,03) (0,005 0,00; 0,00)
K2 (-0,01; 0,00; 0,01) (-0,01; 0,00; 0,01) (-0,01; 0,00; 0,01) (0,005 0,00; 0,00)
K3 (0,00; 0,03; 0,05) (0,005 0,00; 0,00) (0,005 0,03; 0,05) (0,005 0,00; 0,00)
K4 (-0,02; 0,00; 0,03) (-0,02; 0,005 0,03) (-0,01; 0,01; 0,03) (0,005 0,00; 0,00)
K5 (-0,01; 0,02; 0,03) (0,00; 0,00; 0,00) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K6 (0,005 0,02; 0,07) (-0,03; 0,01; 0,06) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K7 (0,00; 0,00; 0,00) (-0,03; 0,01; 0,07) (-0,01; 0,03; 0,09) (0,005 0,00; 0,00)
K8 (-0,03; 0,00; 0,03) (-0,02; 0,01; 0,04) (-0,02; 0,00; 0,03) (0,005 0,00; 0,00)
K9 (-0,01; 0,01; 0,04) (-0,02; 0,005 0,03) (-0,02; 0,00; 0,03) (0,005 0,00; 0,00)
K10 (0,005 0,00; 0,00) (-0,02; 0,02; 0,07) (-0,03; 0,01; 0,06) (0,005 0,00; 0,00)
K11 (-0,01; 0,01; 0,05) (0,00; 0,00; 0,00) (-0,02; 0,00; 0,03) (0,005 0,00; 0,00)
K12 (-0,01; 0,01; 0,04) (-0,02; 0,01; 0,04) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K13 (-0,01; 0,01; 0,03) (-0,02; 0,005 0,03) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K14 (-0,01; 0,01; 0,02) (0,00; 0,00; 0,00) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K15 (0,00; 0,00; 0,02) (0,00; 0,01; 0,02) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K16 (-0,01; 0,01; 0,03) (-0,02; 0,005 0,03) (-0,02; 0,00; 0,03) (0,005 0,00; 0,00)
K17 (0,005 0,00; 0,00) (0,005 0,01; 0,03) (0,005 0,00; 0,00) (0,005 0,00; 0,00)
K18 (-0,05; 0,01; 0,07) (-0,05; -0,01; 0,07) (0,005 0,00; 0,00) (-0,02; 0,03; 0,08)
K19 (0,00; 0,00; 0,00) (0,00; 0,00; 0,00) (-0,02;0,02;0,06) (0,005 0,00; 0,00)
K20 (0,005 0,00; 0,00) (0,005 0,00; 0,00) (-0,04; -0,01; 0,03)  (-0,03; 0,03; 0,08)

Yontemin giivenilirligini test etmek amaciyla farkli kriter agirliklar: kullanilarak gelistirilmig olan 10 senaryoya gore bulanik
EDAS yontemiyle 3 boyutlu yazici alternatifleri degerlendirilmigtir. Sekil 1’de degisik kriter agirliklarinin kullamildigr farkli
senaryo durumunda her bir alternatif i¢in degerlendirme skorlarinin degisimi gosterilmektedir. Bu analiz sonucuna gore kriter
agirliklarinin degismesi durumunda calismada kullanilan yontemin sonucu stabil kalmaktadir. Buna gore kullanilan yontemin
CKKYV probleminde alternatiflerin siralanmasinda kullanilabilecek etkili ve tutarli bir ydntem oldugu sdylenebilir.
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Tablo 8. Tiim Alternatifler icin Ortalamaya Negatif Uzaklik (NDA) Degerleri

Alternatif 3 Boyutlu Yazic1 Modelleri

Kriterler Al A2 A3 A4
K1 (0,005 0,005 0,00) (0,005 0,00; 0,00) (0,00; 0,00; 0,00) (-0,01; 0,01; 0,03)
K2 (0,00; 0,005 0,00) (0,005 0,00; 0,00) (0,005 0,00; 0,00) (-0,01; 0,01; 0,02)
K3 (0,005 0,005 0,00) (0,025 0,04; 0,07) (0,00; 0,00; 0,00) (-0,02; 0,02; 0,05)
K4 (0,00; 0,00; 0,00) (0,00; 0,00; 0,00) (0,00; 0,00; 0,00) (-0,02; 0,01; 0,04)
K5 (0,005 0,005 0,00) (-0,02; 0,01; 0,03) (-0,02; 0,00; 0,03) (-0,01; 0,01; 0,03)
Ko (0,005 0,005 0,00) (0,005 0,00; 0,00) (0,01; 0,04; 0,07) (-0,04; 0,00; 0,05)
K7 (-0,03; 0,01; 0,07) (0,005 0,00; 0,00) (0,005 0,00; 0,00) (0,00; 0,04; 0,08)
K8 (0,00; 0,00; 0,00) (0,005 0,00; 0,00) (0,00; 0,00; 0,00) (-0,01; 0,02; 0,04)
K9 (0,005 0,005 0,00) (0,005 0,00; 0,00) (0,00; 0,00; 0,00) (-0,01; 0,01; 0,04)
K10 (-0,03; 0,01; 0,06) (0,00; 0,00; 0,00) (0,005 0,00; 0,00) (-0,02; 0,02; 0,07)
K11 (0,00; 0,005 0,00) (-0,02; 0,00; 0,04) (-0,02; 0,00; 0,04) (-0,01; 0,01; 0,04)
K12 (0,005 0,005 0,00) (0,005 0,00; 0,00) (-0,02; 0,01; 0,04) (-0,01; 0,01; 0,05)
K13 (0,00; 0,00; 0,00) (0,005 0,00; 0,00) (-0,02; 0,01; 0,03) (-0,01; 0,01; 0,04)
K14 (0,00; 0,00; 0,00) (-0,02; 0; 0,02) (-0,02; 0,00; 0,02) (-0,01; 0,00; 0,03)
K15 (0,005 0,005 0,00) (0,005 0,00; 0,00) (0,00; 0,01; 0,03) (0,00; 0,01; 0,03)
K16 (0,005 0,005 0,00) (0,005 0,00; 0,00) (0,00; 0,00; 0,00) (-0,01; 0,01; 0,03)
K17 (0,00; 0,00; 0,03) (0,005 0,00; 0,00) (0,005 0,00; 0,03) (0,005 0,00; 0,03)
K18 (0,005 0,005 0,00) (0,005 0,00; 0,00) (0,005 0,05; 0,09) (0,005 0,00; 0,00)
K19 (-0,04; 0,00; 0,04) (-0,02; 0,02; 0,04) (0,005 0,00; 0,00) (-0,04; 0,00; 0,04)
K20 (-0,03; 0,005 0,05) (-0,03; 0,00; 0,05) (-0,02; 0,01; 0,05) (0,005 0,00; 0,00)

Tablo 9. Agirliklandirilmig Toplam Uzakliklar, Normalize Degerleri ve Degerlendirme Skorlart

spj nspj nsn; asj K(asj)
Al (-0,189; (-0,126; 0,021;  (-1,116; 0,893;  (1,555;0,907; (0,219; 0,900, 0,90
0,152; 0,547) 0,248) 3,223) -0,089) 1,567)
A2 (-0,126; (-0,086; 0,076;  (-1,549; 0,502;  (1,375; 0,666; (-0,087; 0,584; 0,69
0,021; 0,248) 0,251) 3,216) -0,100) 1,558)
A3 (-0,215; (-0,110; 0,132;  (-1,265; 0,527;  (1,481; 0,420; (0,108; 0,474; 0,52
0,089; 0,475) 0,426) 2,797) -0,869) 0,964)
A4 (-0,051; (-0,246; 0,190;  (-0,299; 0,329;  (2,080; 0,167; (0,890; 0,248; 0,16
0,056; 0,156) 0,740) 0,919) -2,247) -0,664)
1,00
0,80 W
0,60 L e #—\/\
0,40
0,20
0,00

Senaryo Senaryo Senaryo Senaryo Senaryo Senaryo Senaryo Senaryo Senaryo Senaryo
1 2 3 4 5 6 7 8 9 10

Al —A2 A3 @Al

Sekil 1. Farkli Senaryoya Gore Alternatiflerin Degerlendirme Skorlarinin Degisimi

5. Sonug

Firmalar teknolojideki yeniliklerin iiretim siire¢lerinde kullanilmasiyla birlikte verimlilik artis1 ve maliyet tasarrufu gibi faydalar
elde edebilmektedir. Katmanli imalat kii¢ciik miktarda ve fazla cesitlilikteki iiriinlerin iiretimi i¢in firmalara zaman ve maliyet
acisindan cesitli faydalar saglamaktadir. Bu calismada mobilya sektoriinde faaliyet gosteren bir firmanin prototip iiretiminde
kullanmak ve bu sayede {iiriiniin pazara sunum siirecini kisaltmak amaciyla satin alinmasi planlanan 3 boyutlu yazicinin se¢im
problemi ele alinmigtir. Firma i¢in en uygun 3 boyutlu yazicinin se¢imi 4 ana kriter ve 20 alt kriter ele alinarak gerceklestirilmistir.
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Literatiir incelemesine gore 3 boyutlu yazict segiminde kullanilan kriter setlerinin sinirli sayida kriteri icerdigi gdzlemlenmisgtir.
Calismada sunulan detayl kriter setinin ilgili alanda yapilacak olan arastirmalara kilavuz olacag: diisiiniilmektedir.

Bu problemin ¢6ziimiinde CKKYV yontemleri olan bulanik CRITIC ve bulanik EDAS yontemleri uygulanmustir. Kriter agirlik-
lariin belirlenmesinde, kriterlerin 6nem derecelerinin hem objektif hem de siibjektif olarak degerlendirilmesine imkan vermesi
ve ¢ozlim siirecinde standart sapma ve korelasyon gibi istatistiksel gostergeleri dikkate alarak sonu¢ sunmasi gibi avantajlar
sebebiyle CRITIC yontemi tercih edilmistir. Ayrica CRITIC yonteminin kolay uygulanmasi ve her alana adapte edilebilmesi tercih
edilmesindeki 6nemli sebeplerdendir. EDAS yonteminde alternatifler her bir kritere gore ortalama ¢6ziim uzakliklart hesaplanarak
degerlendirilmektedir. Ayrica EDAS yontemi diger CKKV yontemleriyle kargilagtirildiginda daha az hesaplama gerektirmektedir.
EDAS yonteminin heniiz literatiirde ¢ok fazla kullanilmamis olmas1 ve problemlerin ¢6ziimii i¢in daha az islem gerektirerek hizl
sonug iiretmesi yontemin bu ¢alismada tercih edilmesinin sebebidir.

Calismanin sonucunda, ele alinan firmanin iiretimdeki kullanim amacina gore Flashforge Creator 3 modeli en uygun 3 boyutlu
yazici olarak belirlenmigtir. Firma, belirlenen bu model ile prototip tiretiminde bir¢cok fayda saglamistir. 3 boyutlu yazict kullanimi
sayesinde prototipten iiriine gegis siiresinin kisaltilmasi, hatalarin tasarim siireci gibi erken agsamalarda tespit edilebilmesi ve
model iizerinde miisteri ihtiyaglarina uygun degisikliklerin hizli bir sekilde gerceklestirilmesi gibi avantajlar elde ederek miisteri
memnuniyetini artirmigtir. Bunlara ek olarak firma geleneksel iiretim yontemleri ile liretemedigi ve kisith tasarimi olan parcalari
tiretebilir duruma gelmigtir.

3 boyutlu yazicilarin farkli sektorlerde kullanimin yayginlagsmasi ve piyasadaki 3 boyutlu yazicilarin sayisinin artmasi bu
problemin igletmeler i¢in onemli bir karar siireci haline gelmesine neden olmugtur. Ancak literatiirde 3 boyutlu yazici se¢imi
ile ilgili az sayida ¢aligsma oldugu tespit edilmistir. Bu nedenle gelecekte 3 boyutlu yazici se¢iminde igletmecilere yol gosterici
olabilmesi icin farkli sektorlerde uygun olabilecek secim kriterlerinin belirlenerek farkli CKKV yontemlerinin uygulanmasi fayda
saglayacaktir.
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ARASTIRMA MAKALESI / RESEARCH ARTICLE

Yerel Tedarik Zincirleri ve Afetler: Yerel Tedarik Zincirlerinin Onemi
Local Supply Chains and Disasters: The Importance of Local Supply Chains

Ipek Ozenir!

1(Dr. Ogr. Uyesi.), Hatay Mustafa Kemal Universitesi, Antakya Meslek Yiiksekokulu, Yonetim ve Organizasyon Boliimii, Hatay, Tiirkiye

0z

Calismada siirekli hayatimizda olan afet kavrami ve 6nemi uzun yillardir goz ardi edilen yerel tedarik zinciri kavram birlikte
ele alinmigtir. Caligmanin iki ana amacit bulunmaktadir, birincisi afetlerde yerel tedarik zincirlerinin yerini, ikincisi yerel tedarik
zincirlerinin 6nemini ve giiclendirilmesi i¢in neler yapilmas: gerektigini ortaya ¢ikarmaktir. Caligmada, oncelikle yerel tedarik
zincirlerinin afetlerde nasil konumlandig1 agiklanmistir. Devaminda, SWOT analizi (Strengths, Weaknesses, Opportunities, Threats
analysis) yapilarak, yerel tedarik zincirlerinin gii¢lii ve zay1f yonleri, yerel tedarik zincirlerinin 6niindeki firsatlar ve tehditler ortaya
konmus ve yerel tedarik zincirlerinin gii¢lendirilmesine yonelik stratejiler TOWS matrisi (Threats, Opportunities, Weaknesses,
Strengths matrix) olusturularak belirlenmistir. Yerel tedarik zincirlerinin SWOT analizinde, yirmi iki gii¢lii yon, on iki zayif yon,
dokuz firsat ve alt1 tehdit maddesi tespit edilmig, TOWS matrisi ile yerel tedarik zincirlerini giiclendirmek adina sekiz strateji
belirlenmistir. Calisma, bilindigi kadariyla afetlerle yerel tedarik zincirlerini birlikte ele alan, yerel tedarik zincirleri icin SWOT
analizini yapan ve TOWS matrisini olusturan ilk Tiirk¢e calismadir. Caligma hem literatiir hem de afetlerin olduk¢a yogun yasandig1
ve yerel tedarik zincirlerinin baskin konumda oldugu, 6zellikle Tiirkiye gibi iilkeler ve yerel tedarik zincirinde yer alan iiyeler i¢in
onem arz etmektedir.

ABSTRACT

The study addresses the concept of disaster, which is a permanent fixture of life, alongside the concept of local supply chain, the
significance of which has been disregarded for many years. The study has two main objectives, the first being to reveal the role local
supply chains have in disasters and the second one being to reveal the importance of local supply chains and what must be done
to empower them. The study primarily clarifies how local supply chains are positioned in disasters. By conducting a strengths,
weaknesses, opportunities, and threats (SWOT) analysis, the study subsequently exposes the strengths and weaknesses of local
supply chains, as well as the opportunities and threats to local supply chains, before using the threats, opportunities, weaknesses,
and strengths (TOWS) matrix to uncover strategies to strengthen local supply chains. The SWOT analysis of local supply chains
identified twenty-two strengths, twelve weaknesses, nine opportunities, and six threats, while the TOWS matrix determined eight
strategies to empower local supply chains. As far as is known, this study is the first Turkish study to jointly address disasters and
local supply chains, to perform a SWOT analysis on local supply chains, and to form a TOWS matrix for supply chains. The study
is important both in terms of the literature and especially for countries such as Tiirkiye, where disasters frequently occur and local
supply chains have a dominant position, as well as for members involved in the local supply chain.

Anahtar Kelimeler: yerel tedarik zinciri yonetimi, SWOT analizi, afet yonetimi, yerel kaynak kullanimi, yerel tedarik zincirleri,
TOWS matrisi

Keywords: local supply chain management, SWOT analysis, disaster management, local sourcing, domestic supply chains, TOWS
matrix

EXTENDED ABSTRACT

Disasters are acknowledged as one of phenomena that disrupt supply chains (Pfeiffer, Burdi and Schlueter 2017, p. 399). During
recent years, disaster-related outages have impacted several supply chain members, politicians, and businesses, from end consumers
to the raw material suppliers at the start of the supply chain (Ryan et al., 2021; Xu, Elomri, Kerbache and El Omri, 2020, p. 155).
Meanwhile, the issue of local supply chains comes to mind with regard to enabling sustainable production and trade while also
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trying to preserve the existence of global supply chains (Banda, Mugwagwa, Wanjala, Mackintosh and Kale, 2021; Choi et al.,
2021; Dewick, Hofstetter and Schroder, 2021; Kamble et al., 2023; Kudtarkar, 2020; Nandi, Sarkis, Hervani and Helms, 2021, p.
15; Soto-Mendoza, Ruiz-y-Ruiz, Garcia-Calvillo, Nucamendi-Guillén and Cardona-Valdés, 2023). “Local supply chains involve
the supply chains where the manufacturer supplies the raw materials used in production, the semi-finished products from local
suppliers, and the sellers of the final products obtained as a result of production activities to local customers” (Golija, 2023; Kamble
et al., 2023, p. 1; Soto-Mendoza et al., 2023). Local supply chains play a pivotal role in ensuring the continuity of production
activities in the region (Cagliano, Caniato, Golini, Kalchschmidt and Spina, 2008) in regard to disaster response and nations’
economic independence (Bateman, 1998) and also ensure the commitment and well-being of the people (Ashby, 2016; Ismayilov,
Taghiyev, Godunova and Mirmotahari, 2008). For these reasons, the current study has chosen to address the concepts of disasters
and local supply chains. The study has two main objectives: The first is to reveal local supply chains’ position in disasters, and
the second is to unveil the importance of local supply chains and what needs to be done to empower them. In line with these
objectives, the study has prepared and looks for answers to the following research questions:

e How do local supply chains function in disasters?

e What are the strengths and weaknesses of local supply chains?
e What are the opportunities and threats to local supply chains?
e What should be done to strengthen local supply chains?

The study examines the literature in order to find answers to these questions, as well as performs SWOT analysis of local supply
chains before preparing and assessing TOWS matrix with regard to local supply chains. As far as is known, this is the first Turkish
study to jointly address disasters and local supply chains, to conduct a SWOT analysis on local supply chains, and to form a TOWS
matrix. Upon examining the literature, studies are found to have demonstrated how local supply chains were opted for as a solution
to the problems that occurred in global supply chains during the pandemic (Cetin and Yiicesoy, 2020; Colakoglu and Topsakal,
2023; Kalkan, Ozkan and Karadogan, 2021). However, no study is yet found to have comprehensively addressed local supply
chains, unveiled their significance, or made evaluations or recommendations on how to empower them. The study has significance
both for the literature and for the members in the local supply chains, particularly in such countries as Tiirkiye where disasters
occur intensely and local supply chains have a dominant position.

When examining how local supply chains are situated in disasters, global acquisitions are generally more appropriate in the
term of disaster preparedness with regard to time (Duran, Ergun, Keskinocak and Swann, 2013, p. 458). However, cases have been
stated to occur where local supply chains cannot be separated from the global supply chain while supplying the materials required
in sudden disasters (Falasca and Zobel, 2011, p. 155). Once a disaster has occurred, the first stage involves assessing the region
where the disaster took place in terms of such things as infrastructure and needs (Duran et al., 2013, p. 452). At this phase, the
idea is that what is needed should be provided primarily from local sources, if they are operable (Beamon and Balcik, 2008, p. 10;
Martirena and Olivera, 2006; Nurre, Sharkey and Mitchell, 2016; Pan American Health Organization (PAHO), 2001; Piotrowicz,
2018). Local supply chains play a significant role here with the arrival of outside help (Tongko, 2022, p. 3).

SWOT analyses are one of the most frequently used methods for analyzing the strengths, weaknesses, opportunities, and
threats organizations face (Benzaghta, Elwalda, Mousa, Erkan and Rahman, 2021, p. 56; Wu, 2020, p. 352). This study’s SWOT
analysis of local supply chains resulted in the identification of twenty-two strengths, twelve weaknesses, nine opportunities, and
six threats. Using the strengths, weaknesses, threats and opportunities derived from the SWOT analysis, strategies can then be
identified with a TOWS matrix (Weihrich, 1982, p. 61). This study used the TOWS matrix to determine eight strategies for
empowering local supply chains, identifying the Strengths-Opportunities strategy of increasing local supply chains’ market share
and the Strengths-Threats strategies of creating sustainable local supply chains and improving product diversity and quality. As
for the Weaknesses-Opportunities strategies, the study identified the strategies of creating resilient local supply chains, employing
developing technology to improve processes, using state support to improve processes, and developing human resources. The
study also determined the Weaknesses-Threats strategy of reducing production costs.

When considering the fact that no country has all or mostly all factors of production (e.g., raw materials and natural resources
from agriculture to manufacturing), a complete return to local supply chains can be said to be impossible. Additionally, returning
to local supply chains will not be easy for either countries or businesses. However, one needs to recall that such phenomena as
the global dimension, disasters, individual orientations, and political relations will empower local supply chains (Frikkee, 2020),
as well as the fact that “regionalism is smart” (Feagan, 2007, p. 23). On account of the problems at the international level, even
if no local supply chains occur in the near future, a dominant supply chain order of regional supply chains is thought to be in the
works for world (Kalkan et al., 2021, p. 19; Kilicli, 2022). Therefore, to reduce dependencies, to evaluate the opportunities offered
by geography, and to assess the outcomes of disasters, expanding and advancing these possibilities, making local supply chains
resistant, and protecting their assets, especially in developing and underdeveloped countries, are essential both in general as well
as for being able to intervene more quickly in the disasters that may occur and to be less negatively affected by the consequences
of disasters (Ishida, 2020, p. 148). As Tanpinar stated, “Geography is destiny, which means accepting the necessities of this can be
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reconciled well within on condition that one keeps up with it. For those who forget these conditions altogether, however, misery is
destined” (Tanpinar, 2000, p. 78, as cited in Bal, 2018, p. 312).

1. Giris

Afetler, tedarik zincirlerinde kesintilere sebep olabilecek olaylardan biri olarak kabul edilmektedir (Pfeiffer ve ark., 2017, 5.399).
Son yillarda afetlerden kaynakli kesintiler tedarik zincirinin sonunda yer alan nihai tiiketiciden hammadde tedarikgisine kadar
birgok tedarik zinciri iiyesini, politikacilari, ig diinyasin1 etkilemistir (Ryan ve ark., 2021, s.1; Xu ve ark., 2020, s. 155). Mevcut
durum ve gelecek icin alinmasi gereken onlemler diinya giindemini meggul etmis ve etmeye de devam etmektedir. Ekonomik
acidan daha az etkilenme, iiretimin ve ticaretin devamliliginin saglanmasi adina bir tarafta kiiresel tedarik zincirlerinin varlig
korunmaya c¢alisilirken, bir diger tarafta yerel tedarik zincirleri konusu akillara gelmektedir (Banda ve ark., 2021; Choi ve ark.,
2021; Dewick ve ark., 2021; Kamble ve ark., 2023; Kudtarkar, 2020; Nandi ve ark., 2021, s. 15; Soto-Mendoza ve ark., 2023).
Yerel tedarik zincirleri; “iireticinin iiretimde kullanacagi hammaddeleri, yar1 mamulleri yerel tedarikcilerden satin aldi8y, iiretim
faaliyetleri sonucunda elde ettigi nihai mamulleri yine yerel miisterilere sattif1 tedarik zincirleridir” (Golija, 2023; Kamble ve
ark., 2023, s. 1; Soto-Mendoza ve ark., 2023).

Afetlere cevap verme noktasinda yer alan yerel tedarik zincirleri; uluslarin ekonomik bagimsizliginin (Bateman, 1998), halkin
refahinin ve baglhihiginin (Ashby, 2016; Ismayilov ve ark., 2008), bulunduklar bolgedeki iiretim faaliyetlerinin devamliliginin
saglanmasi (Cagliano ve ark., 2008) adina olduk¢a 6nemli konumdadirlar. Pandemi déneminde iilkelerin basta gida olmak iizere
bazi iirlinlerde uygulamis olduklari ihracat yasaklari, kendi iilkelerinde iiretimin ve tiiketimin devamliligini saglarken bir yandan da
politikalarina yerel tedarik zincirlerine doniisii dahil ettiklerini gostermistir (Cetin ve Yiicesoy, 2020, s. 2; Kudtarkar, 2020). Ornegin
kisisel koruyucu donanimlarin iiretilmesinde 6nemli rol oynayan Cin, liretim kapasitesi yetersizligi sebebiyle oncelikle yerel talebi
karsilamak icin ¢alismustir (Xu ve ark., 2020, 5.156). Isletmeler acisindan bakildiginda, kiiresel tedarikgilere bagimlilik, iiretimin
devamlilig1 konusunda problemler yarattigindan yerel tedarikcilerle calismak, bagimlilig1 azaltacak bir adim olarak goriilmiistiir
(Dewick ve ark., 2021, s. 50; Xu ve ark., 2020, s. 160). Ayrica mal veya hizmet olmasi fark etmeksizin bazi Uiriinlerin miisteri
tercihi, politik hassasiyet vb. sebeplerle yerel tedarik zincirlerinde iiretilmeye devam etmesi gerekmektedir, bu agidan yereldeki
kaynaklar1 korumak ve becerileri gelistirmek de gerekmektedir (Tate, 2014, s. 67).

Bu sebeplerden dolayi, calismada afetler ve yerel tedarik zincirleri kavramlar birlikte ele alinmistir. Calismanin iki ana amact
bulunmaktadir, birincisi afetlerde yerel tedarik zincirlerinin yerini, ikincisi yerel tedarik zincirlerinin 6nemini ve gii¢lendirilmesi
icin neler yapilmasi gerektigini ortaya ¢ikarmaktir. Calismanin amaglart dogrultusunda asagida belirtilen arastirma sorulart
hazirlanmis ve calismada bu sorulara cevap aranmisgtir:

Yerel tedarik zincirleri afetlerde nasil konumlanmaktadir?

Yerel tedarik zincirlerinin gii¢lii olduklar1 ve zayif olduklar1 yonler nelerdir?
Yerel tedarik zincirlerinin oniindeki firsatlar ve tehditler nelerdir?

Yerel tedarik zincirlerini giiclendirmek i¢in neler yapilmalidir?

Yukarida belirtilen sorularin cevaplarini bulmak amacryla literatiir incelenmis, yerel tedarik zincirlerinin SWOT analizi yapilmis,
yerel tedarik zincirlerini gliglendirmek i¢in TOWS matrisi kullanilarak stratejiler belirlenmig ve degerlendirmelerde bulunulmustur.
Caligma, bilindigi kadariyla, afetlerle yerel tedarik zincirlerini birlikte ele alan, yerel tedarik zincirleri icin SWOT analizini yapan
ve TOWS matrisini olugturan ilk Tiirkce calismadir. Literatiir incelendiginde, calismalarda kiiresel tedarik zincirlerinde yasanan
problemlere karsi yerel tedarik zincirleri seceneginin belirtildigi goriilmektedir (Cetin ve Yiicesoy, 2020; Colakoglu ve Topsakal,
2023; Kalkan ve ark., 2021). Ancak yerel tedarik zincirlerini kapsamli olarak ele alan, 6nemini ortaya cikaran, degerlendiren ve
giiclendirilmesine yonelik onerilerde bulunan bir caligmaya rastlanmamigtir. Caligma hem literatiir icin hem de afetlerin olduk¢a
yogun yasandigi, yerel tedarik zincirlerinin baskin konumda oldugu 6zellikle Tiirkiye gibi iilkeler ve yerel tedarik zincirinde yer
alan iiyeler icin de 6nem arz etmektedir.

2. Yerel Tedarik Zincirleri ve Afetler

2.1. Afetlerde Yerel Tedarik Zincirlerinin Konumu

Afetlerde tedarik zinciri yonetimi, bireylerin yagsamlarini devam ettirmeleri i¢in elzem olan malzemelerin tedarik edilmesi siireciyle
ilgilenmektedir (Franklin ve Todt, 2014; Roy, Paul, Paul, Kashyap ve Jana, 2021, s. 1). Thtiya¢ duyulan malzemelerin tedarigi,
kosullar dogrultusunda kiiresel tedarik zincirlerinden de yerel tedarik zincirlerinden de saglanabilmektedir (PAHO, 2001, s. 43;
Roh ve Kim, 2016, s. 8). Afet oncesinde, afete hazirlik doneminde (zaman olmasi durumunda) genellikle kiiresel satin almalar daha
cazip gelebilmekle birlikte (Duran ve ark., 2013, s. 458), aniden meydana gelen afetlerde ihtiya¢c duyulan malzemelerin tedarik
stirecinde yerel tedarik zinciri - kiiresel tedarik zinciri ayrimimin yapilamadigi durumlar s6z konusu olabilmektedir (Falasca
ve Zobel, 2011, s. 155). Afete hazirlik siirecinde yerel tedarik¢ilerle baglantilar kurulmaktadir ancak afetlerden yerel tedarik
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zincirlerinin de etkilenebilecegi goz oniinde bulundurulmalidir (Annala, 2010; Karli ve Tanyas, 2020; Rodriguez, Laverde ve
Pérez, 2021, s. 6; Wang, Hubbard ve Hubbard, 2014).

Afetin meydana gelmesinin ardindan ilk asamada afetin meydana geldigi bolgenin durum degerlendirmesi (altyapi, ihtiyaclar
vb.) yapilmaktadir (Duran ve ark., 2013, s. 452). Bu asamada ihtiyaclarin oncelikle yerel kaynaklardan (¢alisabilir durumda olmasi
halinde) temin edilmesi diisiiniilmektedir (Beamon ve Balcik, 2008, s. 10; Martirena ve Olivera, 2006; Nurre ve ark., 2016; PAHO,
2001; Piotrowicz, 2018). Bu asamada, dis kaynaklardan yardim gelene kadar gecen zaman araliinda yerel tedarik zincirleri
onemli rol oynamaktadir (Tongko, 2022, s. 3). Afete miidahale siirecinde, yardim i¢in getirilen mallarin son mil teslimatlarinda
yerel dagitim igletmelerinin kullanimi tercih edilebilmektedir, bdylece dagitimin daha hizli gerceklesmesi saglanabilmektedir
(Beamon ve Balcik, 2008, s. 17; Duran ve ark., 2013, s. 451; Wood ve ark., 1995). Burada yerel is giiciiniin kullanimina énem
verilmelidir. Yerel isgiicii ulagima iligkin bilgilere sahip oldugundan, yapilan yardim faaliyetinin etkinligi artirilmig olacaktir
(Anderson ve Woodrow, 1989, s.64’ten akt. Wood ve ark., 1995, s. 332; Matopoulos, Kovics ve Hayes, 2014). Ancak yerel
dagitim agini kullanabilmek i¢in dagitim aginin alt yapisini kesintilere kars1 korumak gerekmektedir (Nurre ve ark., 2016, s. 89).
Afet sonrasinda yardim kuruluglar yerel depolama ve tedarik konusunda problemler yasamaktadirlar (Balcik, Beamon, Krejci,
Muramatsu ve Ramirez, 2010, s. 32). Ozellikle saglik malzemeleri gibi afetlerde kullanim agisindan dnemli olan malzemelere
ait depolarimin korunmas: gerekmektedir (Errett, Tanner, Shen ve Chang, 2019, s. 445). Yerel depolarin korunmasi ve saglam
inga edilmesi gerekliligi, toparlanma asamasinda yerel tedarik zincirlerinde iiretimin ve lojistik faaliyetlerin devamlilig icin de
gerekmektedir. Bu sebeple kentlerin afete hazirlik planlart yapilirken yerel tedarik zincirine iligkin bilgilerin de bu planlarda yer
almasi saglanmalidir (Annala, 2010).

Yerel tedarik zincirleri ve afetlerle ilgili yapilmis ¢alismalar incelendiginde; Annala (2010, s. 2), afete miidahale siirecinde
yerel kaynak kullanimini ele almigtir. Taylor (2012, s. 68), Afrika’da yerel tedarik zincirleri ve 6nceden konuglandirilmig stoklar
araciligiyla yapilan yardimlarin maliyet, hiz, kesinti riski ve ¢cevreye verilen zarar agisindan daha avantajli oldugunu belirtmisgtir.
Skoglund ve Hertz (2012) baris koruma operasyonlarinda Isveg Silahli Kuvvetleri'nin ihtiyag duyulan mal ve hizmetlerin yerel
tedarikgilerden tedarik edilmesinin, hem yerel tedarikcilerin oldugu bolge adina hem de askeri kuvvetler i¢in cesitli faydalar
oldugunu belirtmiglerdir. Duran ve ark., (2013) caligmalarinda, afetlerde ihtiya¢ duyulan malzemelerin yerel ve kiiresel tedarikg¢il-
erden satin almanin avantajlarina ve dezavantajlarina yer vermislerdir. Matopoulos ve ark., (2014, s. 621), teorik ve uygulamali
olarak afetlerde ihtiya¢ duyulan fiziksel, insani ve organizasyonel kaynaklarin tespitini ve bu kaynaklarin gelisimini Kaynak
Temelli Goriis Teorisi’ne dayali olarak incelemislerdir. Roh ve Kim (2016), afetlerde ihtiyaclarin yerel kaynaklardan, kiiresel
kaynaklardan ve onceden konuglandirilmis dagitim merkezlerinden karsilanmasini kiyaslamiglardir. van Kempen, Spiliotopoulou,
Stojanovski ve De Leeuw (2017, s. 1718), afet sonrasi kalkinma i¢in ihtiya¢ duyulan yardim malzemelerinin yerel kaynaklardan ve
uluslararas1 kaynaklardan temin edilmesini, Yasam Dongiisii Siirdiiriilebilirlik Analizi yaparak degerlendirmiglerdir. Calismada,
yerel kaynaklarin cevresel ve sosyal siirdiiriilebilirlik acisindan daha ¢ok tercih edildigi ortaya ¢ikmistir (van Kempen ve ark., 2017,
s.1718). Pfeiffer ve ark., (2017), afet sonrasinda kritik yerel tedarik zincirlerinin ve talep diiglimlerinin altyap: bagimlilik bilgi-
lerini ger¢ek zamanl analiz ederek operasyonel durumlari hakkinda bilgi vermeye yarayan model gelistirmislerdir. Kunz ve Gold
(2017), toparlanma asamasinda yerel tedarik zincirleri ile ¢aligmanin, bolgenin toparlanmasina ve gelismesine katki saglarken bu
durumun siirdiiriilebilir insani yardim tedarik zincirlerin olugmasini da saglayacagini belirtmisglerdir. Kwon ve Kim (2018) yapmis
olduklar1 ¢alismada, insani tedarik zincirlerinde yerel kaynak kullaniminin avantajlarindan dezavantajlarindan bahsetmiglerdir.
Lewin, Besiou, Lamarche, Cahill ve Guerrero-Garcia (2018, s. 522) tarafindan yapilan ¢alismada, insani orgiitlerin, afetlere
hazirlik siirecinde yerel tedarik zincirleri ile etkilesim halinde olmalarini, yerel tedarik zincirlerini giiclendirmeye ve direnclerini
artirmaya yonelik faaliyetlerde bulunmalar1 gerektigini belirtmislerdir. Eftekhar, Jeannette Song ve Webster (2022, s.315), afet
sonrasi ihtiya¢ duyulan malzemelerin optimum stok miktarlarini belirlemek amaciyla yerel tedarik¢ilerden satin alma ve 6nceden
konuslandirma politikalarini, biitce, talep ve yerel arz belirsizlikleri durumunda tek bir iiriin i¢in belirlemeye ¢alismiglardir.

2.2. Afetlerde Yerel Tedarik Zincirlerinin Sagladig1 Avantajlar ve Dezavantajlar

Afetlerde ihtiyaclarin yerel kaynaklardan temin edilmesi; tagima maliyetlerini, tagima siiresini ve depolama maliyetlerini diislirdiigiin-
den ¢evreye verilen zarar da daha az olacaktir, giimriikleme faaliyetleri siirecte yer almadig1 i¢in daha az belgeleme gerektirir,
ihtiyaclarin daha kisa siirede ve daha dogru temin edilmesini saglar, paranin yerel kaynaklarda kalmasini saglayarak yerel
tedarik¢inin hayata donmesine ve yerel ekonomiye katkida bulunur, 6lgek ekonomisinden yararlanmay: saglar, insani yardim
faaliyetlerine olumlu katki saglar (Balcik ve ark., 2010, s. 24; Duran ve ark., 2013, s. 454; Jahre ve Spens, 2007, s. 7-8’den akt.
Annala, 2010, s. 33-34; Kwon ve Kim, 2018, s. 103; Kovécs, Matopoulos ve Hayes, 2010, s. 418; Maon, Lindgreen ve Vanhamme,
2009, s. 154; PAHO, 2001, 5.43-45-50; Piotrowicz, 2018, s. 374; Roh ve Kim, 2016, s. 8; Schiffling ve Hughes, 2017, s. 4; Taylor,
2012). Ayrica afetlerde yerel tedarikgilerle uzun siireli ve yakin iligkiler gelistirilmesi daha kolaydir (Jahre ve Spens, 2007°den akt.
Annala, 2010, s. 33). Ayn1 zamanda afetlerde yerel kaynaklarin kullanilmasi, 6rnegin gidada, afetten etkilenen toplulugun aligkin
olmadigi, bilmedigi gidalarin yardim olarak verilmesini de engelleyecektir (Wood ve ark., 1995, s. 330; Matopoulos ve ark., 2014,
s. 622).
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Ihtiyaclarin yerel kaynaklardan temin edilmesinin dezavantajlarmin oldugu durumlarda séz konusu olabilmektedir (Kwon ve
Kim, 2018, s. 103). ihtiya¢c duyulan iiriinler istenilen kalitede ve istenilen miktarlarda bulunamayabilir, iiriinlerin temini yerel
piyasada fiyat artisina, kuruluslar arasinda rekabete sebep olabilir, ihtiyacin karsilanmasi i¢in gerekli olan yerel kaynaklarin
organizasyonu i¢in zaman gerekebilir (Annala, 2010, s. 33; Balcik ve Beamon, 2008’den akt. Balcik ve ark., 2010, s. 24; Duran
ve ark., 2013, s. 453; Falasca ve Zobel, 2011, s. 154; Maon ve ark., 2009, s. 154; Martirena ve Olivera, 2006, s. 25; PAHO, 2001,
s. 45; Roh ve Kim, 2016, s. 8). Ayrica uzun siireli yardim faaliyetleri, yardimlarin yapilar1 geregi licretsiz olmalar sebebiyle yerel
tedarik zincirlerinin olumsuz yonde etkilenmesine sebep olabilir, bolgenin toparlanmasi bu sebeple gecikebilir (Wood ve ark.,
1995, s. 326).

3. Yontem

Calisma kapsaminda, yerel tedarik zincirlerinin mevcut durumunu ortaya ¢ikarmak (Leigh, 2009, s. 122) amaciyla SWOT analizi
yapilmustir. Yerel tedarik zincirlerinin giiclendirilmesine yonelik stratejileri belirlemek amaciyla TOWS matrisi olusturulmustur.
Calismada kullanilan veriler, yerel tedarik zincirleri, yerel tiretim, yerel satin alma, yerel tedarik kavramlarinin yer aldig: literatiir
caligmalarinin derinlemesine incelenmesiyle elde edilmistir.

SWOT analizi, organizasyonlarin gii¢lii ve zayif yonlerini, firsatlarim1 ve tehditlerini analiz etmek i¢in oldukg¢a sik kullanilan
yontemlerden biridir (Benzaghta ve ark., 2021, s. 56; Wu, 2020, s. 352). Giiclii yonler, organizasyonun rekabet edebilme ve
gliclenme konusundaki sahip oldugu yetenekler, zayif yonler organizasyonun biiyiimesini ve varligini siirdiirmesini etkileyen, ken-
disinden kaynaklanan eksiklikler, firsatlar organizasyonun biiylimesini saglayacak olumlu durumlar, tehditler ise organizasyonun
stratejisine zarar verme ihtimali olan ¢evresel olumsuz durumlar olarak tanimlanmaktadir (Jasiulewicz-Kaczmarek, 2016, s. 676).

TOWS matrisi, SWOT analizinin bir sonraki asamasi olarak karsimiza ¢ikmaktadir (Ravanavar ve Charantimath, 2012, s.87).
TOWS matrisi ile SWOT analizinden elde edilen bilgiler kullanilarak 4 ana strateji belirlenmektedir (Weihrich, 1982, s. 61). Giiclii
yonler- Firsatlar stratejileri, isletmenin sahip oldugu giiclii yonleri kullanarak piyasadaki firsatlardan faydalanmasina yonelik
belirlenen stratejilerdir, Zayif yonler-Firsatlar stratejileri, piyasadaki firsatlardan yararlanarak zayif yonleri azaltmaya yonelik
stratejilerdir (Ravanavar ve Charantimath, 2012, s.88). Zayif yonler- Tehditler stratejileri, igletmenin sahip oldugu zayif yonlerin ve
piyasadaki tehditlerin isletme {lizerindeki etkilerini en aza indirmeye yonelik belirlenen stratejilerdir (Ravanavar ve Charantimath,
2012, s.88). Giiclii yonler- Tehditler stratejileri, piyasadan kaynakli tehditlerin igletme iizerindeki etkilerini, isletmenin giiclii
yonlerini kullanarak en aza indirmeye ¢alisan stratejilerdir (Liangrokapart ve Sittiwatethanasiri, 2023, s. 87).

4. Bulgular Ve Tartisma
4.1. Yerel Tedarik Zincirlerinin SWOT Analizi

Yerel tedarik zincirlerinin SWOT analizi su sekildedir:
Yerel Tedarik Zincirlerinin Giiclii Yonleri

o G1: Siirdiiriilebilirligin siire¢lere daha rahat dahil edilebilmesi. Ornegin; stirdiiriilebilir iiretim (Ashby, 2016; Concu, 2023, s.
2; Feagan, 2007, Pal, Harper ve Vellesalu, 2018, s. 1164; Sarkis, 2020; Selfa ve Qazi, 2005; Xing, 2015), siirdiiriilebilir satin alma
(van Kempen ve ark., 2017), siirdiiriilebilir tiiketim (Barska ve Wojciechowska-Solis, 2020; Butu ve ark., 2020; Chambers, Lobb,
Butler, Harvey ve Traill, 2007; Cvijanovi¢, Ignjatijevi¢, Vapa Tankosi¢ ve Cvijanovié, 2020, s. 1; Feagan, 2007; Selfa ve Qazi,
2005) gibi.

e G2: Kaynaklarn iilke i¢inde degerlendirilmesine imkan saglama (Butu ve ark., 2020, s. 19; Xing, 2015, s. 34).

e G3: Istihdanm artirma (Butu ve ark., 2020, s. 19; Concu, 2023, s. 2; Feagan, 2007; Martirena ve Olivera, 2006; Xing, 2015,
s. 34).

e G4: Daha hizli tagima ve daha diisiik tagima maliyetleri (Balanda, Ariatti, Monaghan ve Dissegna 2022; Concu, 2023, s. 2;
Xing, 2015, s. 33).

e G5: Daha kisa tedarik siirelerinin miimkiin olmasi (Concu, 2023, s. 2; Doherty, Benton, Fastoso ve Gonzalez Jimenez 2017,
Feagan, 2007; Levy, 1997, s. 94; Macchion ve Fornasiero, 2021, s. 301; Sabri, Micheli ve Nuur, 2017, s. 39; Sarkis, 2020).

e G6: Uriinlerin daha kaliteli iiretilebilmeleri (Barska ve Wojciechowska-Solis, 2020, s. 1; Chambers ve ark., 2007, s. 208;
Cvijanovi¢ ve ark., 2020, s. 13; Feagan, 2007, s. 23; Gracia, 2014, s. 112; Khan ve Prior, 2010, s. 163; Marsh, Ryan ve Soroka,
2016, s. 665; Pal ve ark., 2018, s. 1164; Zepeda ve Leviten-Reid, 2004, s. 5).

e G7: Yerel ekonominin gelisimine katki saglamalar1 (Barska ve Wojciechowska-Solis, 2020, s. 5; Butu ve ark., 2020, s. 19;
Chambers ve ark., 2007, s. 208; Concu, 2023, s. 2; Doherty ve ark., 2017, s. 15; Kudtarkar, 2020, s. 177; Martirena ve Olivera,
2006, s. 25; Xing, 2015, s. 33).
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o G8: Bircok agidan daha az risk tagimalar1 (6rnegin; iiriinlerin mesafelerden kaynakli teslimat siirelerinde gecikme riskinin,
kalite kay1plarina iligkin risklerin daha az olmasi, kiiresel olaylardan kaynakli kesinti riskinin daha diisiik olmasi, {iriin giivenligine
iligkin risklerin daha az olmasi, talep tahmininin daha gercekci yapilabilmesi) (Doherty ve ark., 2017, s. 14; Galatti ve Baruque-
Ramos, 2019; Selfa ve Qazi, 2005).

e (9: Daha cevik tedarik zincirleri olmalar1 (Jin, 2004).

e G10: Uretilen iiriinlerin daha saglikli olma ihtimalleri (Barska ve Wojciechowska-Solis, 2020, s. 1; Feagan, 2007; Zepeda ve
Leviten-Reid, 2004, s. 5).

e G11: Daha diisiik iiretim maliyeti ve satig fiyatlar1 (Cvijanovi¢ ve ark., 2020, s. 13; Kudtarkar, 2020, s. 177 ).

e G12: Uretim siirecinin daha kolay denetlenebilmesi (Doherty ve ark., 2017, s. 15; Macchion ve Fornasiero, 2021, s. 300;
Sabri ve ark., 2017, s. 39).

e (G13: Tam zamaninda iiretim politikasina uygunluk (Macchion ve Fornasiero, 2021, s. 301).

o G14: Yerel kapasiteyi artirma durumu (Kudtarkar, 2020, s. 177; Yadav, Alphs, D’Souza, Comstock ve Barton 2018, s. 575).

e G15: Kesintilere kars1 direnglilik (Doherty ve ark., 2017, s. 15).

e G16: Yerel ihtiyaglar1 ve istekleri daha iyi anlayabilme ve daha hizli karsilayabilme yetenegi (Doherty ve ark., 2017, s.15;
Galatti ve Baruque-Ramos, 2019; Sarkis, 2020).

e G17: Daha hizli iletisim saglayabilmeleri (Marsh ve ark., 2016, s. 665).

e G18: Esnek olmalari ve bu sebeple iiriinlerde 6zellestirme imkani sunabilmeleri (Choi ve ark., 2021, s. 202; Macchion ve
Fornasiero, 2021, s. 301; Marsh ve ark., 2016, s. 656).

e G19: Kalite ve iiretimle ile ilgili problemlerin daha kisa siirede ¢o6ziilebilmesi (Marsh ve ark., 2016).

e G20: Daha az stok tutmay1 saglamalari sebebiyle stok maliyetlerini diisiirebilmeleri (Chopra, 2003, s. 137; Levy, 1997, s. 94,
Pal ve ark., 2018, s. 1150).

e G21: Siire¢ yapilarinin karmasiklik diizeyinin daha az olmasi (Bohnenkamp, Schiele ve Visser, 2020; Choi ve ark., 2021, s.
202; Sabri ve ark., 2017, s. 39; Taylor, 2012).

o (22: Yerel tedarik zincirinin bulundugu cografyanin, ¢esitli iiriinleri iiretmeye imkéan tanimast.

Yerel Tedarik Zincirlerinin Zayif Yonleri

e Z1: Tiim iiriinleri liretebilecek hammaddeye, teknik bilgiye, mevsimsel kosullara sahip olamama ihtimalleri (Dewick ve ark.,
2021, s. 46; Doherty ve ark., 2017, s. 25; Marsh ve ark., 2016; Natsuda, Sass ve Csonka, 2022; Selfa ve Qazi, 2005; Thomas ve
Barton, 2007, s. 491; Yadav ve ark., 2018).

e Z2: Uretim maliyetlerinin daha yiiksek olma ihtimali (Macchion ve Fornasiero, 2021, s. 301).

o Z3: Uretim kapasitesi yetersizligi (Doherty ve ark., 2017, s. 25; Nandi ve ark., 2021).

o Z4: Uretim ve kalite siireclerinde standardizasyonun ve giivenilirligin saglanamama ihtimali (Kudtarkar, 2020, s. 177; Yadav
ve ark., 2018, s. 575).

o 75: Olgek ekonomisinden faydalanamama ihtimali (Niemi ve Pekkanen, 2016, s. 2819).

e 76: Pazarlama konusundaki tecriibesizlik ve yetersizlik (Butu ve ark., 2020; Khan ve Prior, 2010).

e Z7: Daha yiiksek satig fiyatlar1 (Khan ve Prior, 2010, s. 165).

e Z78: Uriinlerin hazir bulunuslugunun saglanamamasi ihtimali (Chopra, 2003; Khan ve Prior, 2010, s. 165).

o 79: Kalifiye isgiicii eksikligi (Kudtarkar, 2020).

e Z10: Iscilik maliyetlerinin yiiksek olma ihtimali (Macchion ve Fornasiero, 2021, s. 301).

e Z11: Teknolojik altyapilarinin yetersizligi (Butu ve ark., 2020).

e Z12: Yerel tedarik zincirlerinin bulunduklar1 bélgede meydana gelen afetlere kars1 daha kirilgan olmalar1 (Annala, 2010, s.
79).

Firsatlar

o F1: Kiiresel boyutta yasanan sorunlar sebebiyle kiiresel tedarik zincirlerinde meydana gelen kesintiler (Yueh, 2020).

o F2: Uluslararas1 alanda tagima maliyetlerinin artmasi.

o F3: Ulkelerin yerel tedarik zincirlerini destekleyen politikalar1 (Bohnenkamp ve ark., 2020, s. 83; Natsuda ve ark., 2022).

e F4: Yerel iireticilere artan giiven (Cvijanovi¢ ve ark., 2020, s. 13).

o FS5: Siirdiiriilebilirlik kavramina artan ilgi (Pal ve ark., 2018, s. 1163; Yueh, 2020).

e F6: Bireysel tiiketimde, bireylerin yerel iiriinleri ve iireticileri tercih etmeye ve desteklemeye yonelmeleri (Barska ve
Wojciechowska-Solis, 2020, s. 1; Butu ve ark., 2020; Chambers ve ark., 2007, s. 208; Cvijanovi¢ ve ark., 2020, s. 13; En-
thoven, Skambracks ve Van den Broeck 2023; Gracia, 2014, s. 124; Golija, 2023, s. 25; Yueh, 2020; Zepeda ve Leviten-Reid,
2004, s. 5).

o F7: Kiiresel tedarik zincirlerinde, tedarik¢i cesitlendirmeye olan yonelim (Kudtarkar, 2020, s. 176).

o F8: Biirokratik engellerin daha az olmas1 (Manolica ve Roman, 2012).

o F9: Teknolojide yasanan gelismeler (Sarkis, 2020).
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Tehditler

o T1: Kiiresel boyutta iiretim yapma maliyetinin hala bir¢ok iiriinde daha diisiik olmas1 (Niemi ve Pekkanen, 2016; Vidrova,
2020).

o T2: isletmeler tarafindan kiiresel boyutta iiretimin ve tedarigin tercih edilmesi (Bohnenkamp ve ark., 2020; Cagliano ve ark.,
2008).

o T3: Ulkelerin uluslararast ticareti kolaylagtirmaya yonelik hamleleri.

e T4: iklim degisikligi (Douglas, 2009, s. 127).

e T5: Tagimacilik siireclerinde cevreye daha az zarar veren ulagim araclarina yonelim (Ozenir, 2021, 5.39).

o T6: Ekonomik krizler.

SWOT analizi incelendiginde bazi maddelerin hem olumlu hem de olumsuz tarafta yer aldig1 goriilebilmektedir. Ornegin, bazi
yerlerde baz iiriinler daha ucuza satilabiliyorken (Cvijanovi¢ ve ark., 2020, s. 13), bagka yerlerde ayni iirlinler daha pahaliya
satilabilmektedir (Khan ve Prior, 2010, s. 165). Baz1 cografyalarda is giicti ucuz (Macchion ve Fornasiero, 2021, s. 291) bir diger
cografya da is giicli pahali olabilmektedir (Pal ve ark., 2018, s. 1164). Durumun bu sekilde olmasinda {iriinlerin, bu {iriinlerin
tiretildigi cografyanin kosullarinin, iilkeler arasi iligkilerin payimin oldugu unutulmamalidir.

4.2. Yerel Tedarik Zincirleri Stratejileri- TOWS Matrisi

Bu baglik altinda, SWOT analizi dogrultusunda olusturulan TOWS matrisine ve stratejilere yer verilmistir.

Tablo 1. Yerel Tedarik Zincirleri -TOWS Matrisi

Giiclii Yonler/Firsatlar Stratejileri Giiclii Yonler/Tehditler Stratejileri

Pazar paym artirma (G1, G4, G5, G6, G8, G10, | Sirdiiriilebilir yerel tedarik zincirleri olugturma (Gl,
Gl1, G12, G13, Gl6, G17, G18, G19, G20, G21, | G2,G3, G4, G5, G6,G7,G9,G10,G11, G13,G14,Gl15,
G22 - F1, F2, F3, F4, F5, F6, F7, F8) G19, G20, G22 - T2, T4, T5)

Uriin cesitliligini ve kalitesini artirma (G6, G9, G10,
G16, G18,G19,G22 - T1, T2, T3)

Zayif Yonler/Firsatlar Stratejileri Zayif Yonler/Tehditler Stratejileri

Direngli yerel tedarik zincirleri olusturma (Z12 - F3, | Uretim maliyetlerini diisiirme (Z2, Z7, Z10 - T1, T2, T6)
F8)

Siireg iyilestirmede gelisen teknolojiyi kullanma
(Z2,74,76,78,710,7Z11,7Z12 - F9)

Siire¢ iyilestirmede devlet desteklerini kullanma
(Z1,72,73,75,76,77,79, 7210, Z11 - F3, F8)
Insan kaynaklarini gelistirme (Z1, Z6, Z9 -F3)

Giiclii Yonler/Firsatlar Stratejisi

o Pazar paym artirma stratejisi: Pandemi ile birlikte literatiirde, satin alma siireclerinde tedarikgilerin dengelenmesi gerek-
tigi, kiiresel tedarikgilerle birlikte yerel tedarik¢ilerden de alim yapilmasi gerektigi belirtilmektedir (Jin, 2004, s. 1292; van Hoek,
2020, s. 349). Bu durum yerel tedarik zincirlerinin pazardaki paylarimi artiracaktir. Ulkelerin, isletmelerin iirettikleri iiriinlerde
yerel parcalarin/ bilesenlerin olmasina yonelik uygulamalar yine yerel tedarik zincirlerinin kurulmasini, desteklenmesini, yerel
tedarik zinciri iliyelerinin kompleks parcgalari liretebilme yeteneklerini, pazar paylarini artiracaktir (Natsuda ve ark., 2022, s. 548).
Baz iilkelerde yonetimin vatandaslarin1 6zellikle gidada yerel {iriinleri tercih etmeleri konusunda tesvik ettikleri goriilmektedir
(Chambers ve ark., 2007, s. 208; European Committee of the Regions, 2020, s. 19). Isletmeler, iilke icinde iiretilen yerli mallar1 al-
malar1 durumunda devlet tarafindan desteklenebilmektedir. Ornegin Tiirkiye’de T.C. Kiiciik ve Orta Olgekli Isletmeleri Gelistirme
ve Destekleme Idaresi Baskanligi (KOSGEB) (2017) tarafindan verilen desteklerde yerel makinelerin kullanimu tercih edildiginde
verilen destek orani artmaktadir. Benzer sekilde ithal oranlar yiiksek olan iiriinlerin iilke i¢inde iiretilmesi icin KOSGEB (2017)
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tarafindan destek verilmektedir. Bu tip uygulamalarla birlikte yerel tedarik zincirlerinin kiiresel tedarik zincirleriyle rekabet ede-
bilme yetenekleri ve pazar paylar1 artacak, bu zincirlerde iiretilen iiriinlerin kalitelerinin ve standartlara uygunlugunun artmasi
saglanacaktir (Vandeplas ve Minten, 2015, s. 627; Yadav ve ark., 2018). Ayrica bu zincirde yer alan iiyelerin sayisinin artmasi
saglanacaktir. Bu durum bolgede is giicii isttihdamim ve kalkinmayi arttiracagindan gocii de engelleyecektir (Thomas ve Barton,
2007, s. 506).

Giiclii Yonler/Tehditler Stratejileri

o Siirdiiriilebilir yerel tedarik zincirleri olusturma stratejisi: Siirdiiriilebilir yerel tedarik zincirleri olusturularak piyasadaki
tehditlerin etkileri azaltilabilir. Yerel tedarik zincirleri yapilar1 geregi siirdiiriilebililirligin siireclere daha kolay entegre edilebildigi
zincirlerdir (Concu, 2023). Yerel tedarik zinciri iiyelerinin siirdiiriilebilir tedarik zincirleri olmalar1 yoniinde bilin¢clendirilmeleri,
zincirlerde ¢aliganlarin egitimlerinin verilmesi, bu yonde yeteneklerinin gelismesi saglanmalidir (Kudtarkar, 2020). Ayrica yerel
tedarik zincirlerinin sitirdiiriilebilirlik yoniindeki ¢abalar tercih edilebilirliklerini de artiracaktir.

o Uriin cesitliligini ve kalitesini artirma stratejisi: Miisteri odakl1 mal ve hizmet iiretme yerel tedarik zincirlerine olan ilgiyi
artiracaktir (Butu ve ark., 2020, s. 18). Giinlimiizde iirlin ¢esitliligini artirma, yiiksek miktarlarda stok tutmay1 gerektireceginden
kiiresel tedarik zincirlerinden yapilacak satin almalar maliyetin artmasina, kalite ile ilgili problemlerin dogmasina sebep olabile-
cektir (Holweg, Reichhart ve Hong, 2011, s.339). Bu durum yerel tedarik zincirleri i¢in bir avantajdir. Yerel tedarik zincirlerinin
cevik (Jin, 2004) ve esnek yapilari (Macchion ve Fornasiero, 2021, s. 301) hizla degisen miisteri isteklerine cevap vermelerini
saglayacaktir (Gyarmathy, Peszynski, ve Young, 2020; Nakandala ve Lau, 2019, s.243). Ayrica kalite standartlarina uygun yapilan
tiretimler, liretim maliyetlerinin diismesini, iiriin kalitesinin artmasini saglayacaktir (Natsuda ve ark., 2022).

Zayif Yonler/Firsatlar Stratejileri

¢ Direncli yerel tedarik zincirleri olusturma stratejisi: Yerel tedarik zincirlerinin afetlere karsi direngli hale gelebilmesi i¢in
tilkenin yerel tedarik zincirlerine iligkin destekleri kullanilabilir (Bohnenkamp ve ark., 2020, s. 83). Yerel tedarik zincirlerinin
afetlerde etkin bir sekilde calismaya devam edebilmeleri i¢in altyapinin afetlere kargt hazirlikli hale getirilmesi, afet sirasinda
bir kesinti olmasi durumunda ¢oziime iligkin faaliyetlerin nasil gerceklestirileceginin belirlenmesi gerekmektedir (Arvidsson,
Johansson ve Guldéker, 2021; Nurre ve ark., 2016; Pfeiffer ve ark., 2017; Ryan ve ark., 2021; Shareef, Dwivedi, Kumar, Hughes
ve Raman, 2020, s. 1468). Ornegin, afet &ncesinde kent icinde, enerji, haberlesme, ulagim, icme suyu altyapisi bolgede meydana
gelebilecek afet tiirlerine kars1 giiclendirilmeli, yeni yapilacak altyapilarda afetler gozoniinde bulundurulmali, afet sirasinda bu
yapilarda meydana gelebilecek kesintilerde hangi kurumun, kurumlar arasi miidahalenin nasil yapilacagi, bu yapilarin nasil
normele dondiiriilecegi afete hazirlik planlarinda belirtilmelidir (Gerdan, 2019, s.269). Ayrica bu siirecte 6rnegin tarim ve gida
tedarik zincirleri gibi kritik tedarik zincirlerinde yer alan caligsanlar icin diizenlemeler yapilmali, calisan bireylerin saglik ve
giivenlikleri (6rnegin pandemi doneminde mevsimlik is¢iler, Rusya-Ukrayna Savasi’nda ise Ukraynali tarim ¢alisanlart zarar
gOrmiistiir) koruma altina alinmalidir (Cetin ve Yiicesoy, 2020, s. 6). Ayrica iilkede meydana gelecek olan afetlerde dncelikle yerel
tedarik¢ilerin hayata dondiiriilmesi icin Afet ve Acil Durum Y&netimi Baskanli§i (AFAD) gibi, sivil toplum kuruluglarinin da
yerel iireticilerle ve yerel tedarikgilerle iletisimde olmasit saglanmalidir (FEMA, 2019, s. 1). Yerel tedarik zincirlerinin esnekligi
de 6nemli konulardan biridir (Thomas ve Barton, 2007, s. 507), olasi1 afetlerde tedarik zincirlerinin esnekliginin saglanmasi i¢in
acil durum yoneticilerinin yerel tedarik zincirlerinin faaliyetlerini ve igleyis sekillerini bilmeleri gerekmektedir (FEMA, 2019, s.
2).

o Siirec iyilestirmede gelisen teknolojiyi kullanma stratejisi: Teknolojide meydana gelen gelismeler tedarik zincirlerinde
iyilestirme saglasa da bu durum yerel tedarik zincirlerinde istenilen diizeye ulagmamigtir. Bu sebeple yerel tedarik zincirlerinde
teknolojinin kullanimi arttirilmali, izlenebilirli§inin saglanmasi adina da teknoloji siireglere dahil edilmeye calisiimalidir (El
Khatib, Hammadi, Al Hamar, Oraby ve Abdulaziz, 2022, s. 1075; Kudtarkar, 2020, s. 179). Uretim teknolojilerinde meydana
gelen gelismeler, yerel tedarik zincirlerinde yer alan igletmelerin iiretim siire¢lerine dahil edildiginde, yerelde iiretimin, kalitenin,
giivenilirliginin, siirdiiriilebilirligin artmasi ve maliyetlerin diismesi saglanabilecektir (Sarkis, 2020). Ornegin yapilan bir caligmada,
3D yazici teknolojisinin, yerel kaynak kullanimint saglayarak, pargalarin yerelde iiretilmesini ve dagitilmasini ve kiiresel tedarik
zincirleri yerine yerel tedarik zincirlerinin kurulmasini saglayacak bir teknoloji olarak goriildiigii ifade edilmektedir (Kubac ve
Kodym, 2017, s. 4). Benzer sekilde blockchain teknolojisi yerel tedarik zincirlerinde izlenebilirligi ve islem verimliligini artiracak,
olasi1 kesintiler karsisinda siireclerin siirdiiriilebilirligini saglayacak gelismelerden biridir (Nandi ve ark., 2021, s. 12). Radyo frekans
tamimlama (RFID), yerel tedarik zinciri i¢inde {iretilen iiriinlerin takibinin yapilmasinda kullanilabilir (Nandi ve ark., 2021, s.
14). Robotik sistemler, her ne kadar baglangic yatirim maliyetleri yiiksek olsa da yerel tedarik zincirlerinde iiretim siireclerine
dahil edildiginde, iiretimin verimliligini, kalitesini artiracak gelismelerden biridir (Monaco, Bell ve Nyamwena, 2019, s. 25).
Nesnelerin Interneti, yerel tedarik zincirlerinde &nleyici bakimlarin planlanmasinda, akilli yerel fabrikalarin kurulmasinda, tarrm
yerel tedarik zincirlerinde tiretime iligkin degerlerin anlik takip edilmesinde kullanilabilmektedir (Attaran, 2017, s.20-24). Yapay
zeka ve bilisim teknolojileri yerel tedarik zincirlerinde siireglerin optimizasyonu, verilerin analizi, miisteri iligkileri yonetimi,
stireclerin anlik takibi i¢in kullanilabilmektedir (Khan ve Prior, 2010, s.166; Kudtarkar, 2020, s. 179-180). Ayrica bu teknolojiler
araciligiyla yerel tedarik zincirlerinin dijital satig platformlarinda ve sosyal medya platformlarinda yer almalar1 saglanarak miisteri
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tarafindan bilinilirlikleri, erisilebilirlikleri saglanarak satislar1 ve rekabet edebilirlikleri artirilabilecektir (Khan ve Prior, 2010,
s.166; Kudtarkar, 2020, s. 179-180). Bu tip akilli teknolojilerin kullanimu yerel tedarik zincirlerini giiclendirirken, kesintilere karsi
direngli yerel tedarik zinciri olmalarini saglayacaktir (Modgil, Singh ve Hannibal, 2022, 5.1248).

e Siirec iyilestirmede devlet desteklerini kullanma stratejisi: Ulkede yoneticiler tarafindan, yerel iireticilerin tanitimlarinin
yapilmasi, desteklenmesi, isletme becerilerinin arttirilmasi, ihracat tesvikleri, vergi indirimleri, istihdam destegi, finansman destegi
verilmesi saglanmalidir (Bateman, 1998, s. 80; Cvijanovi¢ ve ark., 2020, s. 13-14; Ismayilov ve ark., 2008; Kudtarkar, 2020, s. 177).
Ornegin Tiirkiye’de KOSGEB, TKDK (Tarim ve Kirsal Kalkinmay1 Destekleme Kurumu), IS-KUR (Is ve Is¢i Bulma Kurumu),
Kalkinma Ajanslari gibi kuruluslarin siirecte daha aktif rol almalart saglanmali, yerel tedarik zinciri iiyelerinin de bu kuruluslardan
ve verdikleri desteklerden haberdar olmalari saglanmalidir (Gracia, 2014).

o insan kaynaklarim gelistirme stratejisi: Yerel tedarik zincirinde yer alan ¢alisanlarin kalifiye olmasi, yeteneklerinin gelistir-
ilmesi saglanmalidir (Ernst ve Kim, 2002, s. 1428; Kudtarkar, 2020; Pal ve ark., 2018, s. 1164). Uretimde kalite standartlarinin
uygulanabilmesi i¢in de yerel tedarik zincirinde yer alan iiyelere egitim verilmelidir (Kudtarkar, 2020, s. 177). Burada yerel
tedarik¢i gelistirme programlar1 6nemli rol oynamaktadir (Bateman, 1998, s. 85). Zincirdeki odak firma tedarikgilerinin egitimine
ve gelismesine yonelik adimlar attig1 takdirde tedarik¢ilerde gelisecektir (Kudtarkar, 2020, s. 177; Natsuda ve ark., 2022, s. 549).
Diizenli araliklarla odak firma tarafindan tedarikgilere verilecek kalite kontrol, liretim planlama, paketleme, siire¢ iyilestirme gibi
egitimler tedarik¢inin kendisini ve ¢alisanlarim gelistirmesini saglayacaktir.

Zayif Yonler/Tehditler Stratejisi

e Uretim maliyetlerini diisiirme stratejisi: Gecmis yillarda ithal edilen mallarin tiiketici tarafindan satin alma fiyatlari iilkede
tiretilen yerli mallarin fiyatindan daha yiiksekken giinlimiizde bir¢ok iiriinde durum tam tersidir. Bu da ayn1 mali yerelde iireten
tireticiyi zor durumda birakmakta, iiretim yapmaktan vazgecirebilmektedir. Bu durum tarim tedarik zincirleri i¢cin daha vahim
durumdadir. Ornegin Tiirkiye’de insanlarin 6zellikle tarimda iiretilen mallarin maliyetlerini karsilamamasi, iireticinin yerine
aracinin daha cok kar etmesi gibi sebeplerden iiretimden vazgecip, verimli topraklar1 betonarme yapilara yonlendirmeleri s6z
konusudur. Bu asamada, yerel tedarik zincirlerinde; hammadde, iscilik, enerji maliyetlerini diisiirecek teknikler uygulanarak,
maliyetler diisiiriilebilir, kiiresel tedarik zincirleri ile rekabet edebilme yetenegi gelistirilebilir, yerel tedarik zincirlerinin tercih
edilebilirligi artirilabilir, ekonomik krizlerden daha az etkilenme saglanabilir. Giiglii yerel tedarik zincirlerinin varligi, iilkeye
yatirimlarin gelmesini ve igletmelerin kiiresel tedarik zincirlerinin parcasi olmasini saglayabilir. Yerel tedarik zincirlerinde yasanan
gelismeler sayesinde bagka iilkelerde liretim yapan isletmelerin kendi iilkelerine donme ihtimali de dogacaktir (Pegoraro, De Propris
ve Chidlow, 2022).

Her iilkenin tarimdan mal iiretimine kadar, hammadde veya dogal kaynaklar gibi iiretim faktorlerinin tamamina ve adil sekilde
sahip olmadig1 diisiiniildiigiinde yerel tedarik zincirlerine tamamen dénmenin miimkiin olmadig1 sdylenebilir. Ayrica yerel tedarik
zincirlerine donmek hem iilkeler hem de isletmeler acisindan kolay olmayacaktir. Ornegin su kaynaklarinin tiikkenmesinden
bahsettigimiz, topragin verimliliginin ge¢mis y1llardaki gibi olmadig1 bir¢ok iilkede tarima dayali ekonomiler tekrar olusturulabilir
mi, liretim maliyetleri diisiiriilebilir mi ya da iireticiler iiretim i¢in ikna edilebilir mi gibi konularin hepsi belirsizlik icermektedir.
Ancak uzun vadede, meydana gelen kiiresel boyuttaki olaylarin, afetlerin, bireylerin yonelimlerinin ve siyasi iliskilerin yerel tedarik
zincirlerini gliglendirecegi (Frikkee, 2020) ve “bolgeselciligin akillilik” oldugu (Feagan, 2007, s. 23) unutulmamalidir. Uluslararasi
diizeyde yasanan sorunlar sebebiyle, yakin gelecekte yerel tedarik zincirlerine olmasa bile bolgesel tedarik zincirlerinin hakim bir
tedarik zinciri diizeninin bizi bekledigi diisiiniilmektedir (Kalkan ve ark., 2021, s. 19; Kilicli, 2022).

Durumun -simdilik- ¢cogunlukla afetlerde de kritik siireclerden biri olan gida ve tarim yerel tedarik zincirlerinde tartigildig:
goriilmektedir (Barska ve Wojciechowska-Solis, 2020; Cvijanovi¢ ve ark., 2020; Cetin ve Yiicesoy, 2020; European Committee
of the Regions, 2020; Feagan, 2007; Gracia, 2014; Feyaerts, Van den Broeck ve Maertens 2019; Khan ve Prior, 2010; Selfa
ve Qazi, 2005; Umar ve Wilson, 2021, s. 1). Gelecekte bircok iiriin i¢in olusturulan tedarik zincirlerinde de durumun benzer
olacag1 diisiiniilmektedir. Bu sebeple az gelismis ve gelismekte olan iilkelerde hem genel olarak hem de meydana gelebilecek
afetlere daha hizli miidahale edebilmek ve afetlerin sonuglarindan daha az etkilenmek adina; bagimliliklar1 azaltmak, cografyanin
sundugu imkanlar1 degerlendirmek, bu imkanlar1 genisletmek, ilerletmek, yerel tedarik zincirlerini diren¢li duruma getirmek,
varliklarin1 korumak gerekmektedir (Ishida, 2020, s. 148). Tanpinar’in da soyledigi gibi, “Cografya kaderdir. Bu demektir ki
bunun gereklerini kabul etmek, ona ayak uydurmak sartiyla onunla iyi kotii uzlagilabilir. Fakat bu sartlari biisbiitiin unutanlar i¢in
perisanlik mukadderdir.” (Tanpinar, 2000, s. 78°dan akt. Bal, 2018, s. 312).

5. SONUC

Elde edilen bilgiler degerlendirildiginde, yerel tedarik zincirlerinin afet dongiisii kapsaminda her agsamada yer alan bir kavram
oldugunu goriilmektedir. Her ne kadar afetlerin yapis1 geregi Oncelik parasal degerler olmasa da (Larson, 2012, s.4), afet dongiisii
asamalarina yerel tedarik zincirleri dahil edildiginde zaman ve para tasarrufu yapilabilecek, kaynaklar diger faaliyetlerde kul-
lanilabilecektir (Lewin ve ark., 2018, s. 521). Yerel tedarik zincirlerinin SWOT analizinde, yirmi iki gii¢lii yon, on iki zayif yon,
dokuz firsat ve alt1 tehdit maddesi tespit edilmis, TOWS matrisi ile yerel tedarik zincirlerini giiclendirmek adina sekiz strateji
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belirlenmistir. Giiclii yonler- Firsatlar stratejisi olarak pazar payini artirma stratejisi, Giiclii yonler-Tehditler stratejileri olarak
stirdiiriilebilir yerel tedarik zincirleri olusturma stratejisi ve iiriin cesitliligini ve kalitesini artirma stratejisi belirlenmistir. Zayif
yonler-Firsatlar stratejileri olarak direncli yerel tedarik zincirleri olusturma stratejisi, siire¢ iyilestirmede gelisen teknolojiyi kul-
lanma stratejisi, siire¢ iyilestirmede devlet desteklerini kullanma stratejisi, insan kaynaklarin1 gelistirme stratejisi belirlenmigtir.
Zay1f yonler-Tehditler stratejisi olarak iiretim maliyetlerini diigiirme stratejisi belirlenmigtir.

Calisma, literatiirden elde edilen bilgiler ve yazarin degerlendirmeleriyle sinirlidir. Calismanin kendi kendine yetebilme ka-
biliyetine sahip olan ancak bir diger tarafta da bagta deprem gibi afetlere gebe olan iilkemizde yerel tedarik zincirleri hakkinda
yapilacak ¢aligmalar i¢in bir baglangi¢ noktasi olacag diisiiniilmektedir. Gelecek caligmalara, basta 6 Subat depreminden etkilenen
illerde bulunan yerel tedarik zincirlerinin sektor ayrimlarinin yapilarak (6rn. meyve, sebze, pamuk yerel tedarik zincirleri) SWOT
analizlerinin yapilmasi, giiclendirilmesine yonelik stratejilerin belirlenmesi i¢in TOWS matrislerinin hazirlanmasi, siireclerinde
hangi iyilestirmelerin yapilabileceginin tespit edilmesi, siire¢ iyilestirme ¢aligmalarinin yapilarak gercek hayatta uygulamaya
gecirilmesi onerilmektedir. Bu sayede akademi-sanayi isbirligi gerceklestirilerek yerelde kalkinmaya katki saglanmig olacaktir.
Ayrica siirdiiriilebilir yerel tedarik zincirlerinin olusturulmasina yonelik odak firma temelli caligmalar yapilmasi 6nerilmektedir.
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0z

Yalin lojistik, maliyetleri optimize etmesi nedeniyle kritik bir tedarik zinciri yonetimi (TZY) stratejisidir. Gereksiz maliyetlerden
kacinmak, TZY nde her zaman 6nemli hedeflerden biri olmustur. Bu nedenle alanda hem uygulayicilar hem de akademisyenler
siklikla caligma ve arastirma yapmaktadir. 1990 sonrasi ¢ok igletmeli ve ¢ok aktorlii bir yonetim tarzi olarak 6nem kaydeden
TZY’nde yalin lojistik kavraminin nasil ele alindiginin belirlenmesi, literatiirdeki bosluklarin ve firsatlarin tespit edilmesi gelecegin
aragtirmacilari icin onemlidir. Bu ¢alismada, 1994-2022 dénemi igin yalin lojistik iizerine yayimlanmis akademik makalelerin
kapsamli bir bibliyometrik analizi sunulmaktadir. R Studio-Biblioshiny yazilimi, Web of Science (WoS) veri tabanindan “yalin
lojistik™ anahtar kelimesi kullanilarak ulagilan 559 yalin lojistik dokiimanin ortak atif analizini gerceklestirmek i¢in kullanilmugtir.
Bu aragtirma, en etkili yalin lojistik arastirma yayinlarini/alintilarin1 ve bunlarin arastirma katkilarini ortaya koymaktadir. Analiz
sonucunda, alandaki ana arastirma temalari, bilgi gruplari, anahtar kelimeler, iilke ve yazar iiretkenligi, yazar ve iilkeler is birligi,
makaleler ve kaynaklar arasindaki ortak atif ag1 analizi elde edilmistir. Yalin lojistikteki biiyiik resim, gelecekteki aragtirmacilar
icin kisaca ozetlenmistir.

ABSTRACT

Lean logistics optimizes costs, making it a critical supply chain management (SCM) strategy. Avoiding unnecessary costs has been
one of the most essential objectives in SCM, making it a primary field of focus for practitioners and academics. After 1990, future
researchers aimed to determine how SCM, which has gained importance as a multienterprise and multiactor management style, can
handle lean logistics and identify gaps and opportunities in the literature. This study presents a comprehensive bibliometric analysis
of academic articles published on lean logistics in 1994-2022. RStudio-Biblioshiny software was used to perform a cocitation
analysis of 559 lean logistics documents retrieved from the Web of Science database, using “lean logistics” as a keyword. This
research reveals the most influential lean logistics research publications/citations and their research contributions. The analysis
examined the primary research themes in the field, knowledge groups, keywords, country and author productivity, author and
country collaboration, and cocitation network analysis between articles and sources. The broad perspective of lean logistics is
briefly summarized for future researchers.

Anahtar Kelimeler: Lojistik, Yalin Lojistik, Bibliyometrik Analiz, Biblioshiny, Tematik Harita. Ortak Atif Ag1 Analizi.
Jel Kodlari: C89, D83, DS85.

Keywords: logistics, lean logistics, bibliometric analysis, biblioshiny, thematic map. co-citation network analysis.
Jel Codes: C89, D83, D85

EXTENDED ABSTRACT

Increasing competition with globalization requires companies to assume new roles according to the changing dynamics in
internal and external environments and improve business processes. Strengthening the quality and efficiency of the necessary
logistic processes of the organizations to improve the flow of added value, especially since customer satisfaction is of utmost
importance at this point, can help increase satisfied customers in the long term. Strong logistics processes require eliminating idle,
unnecessary processes in the value stream and ensuring easily accessible, smooth, time-efficient, safe, and least risky processes.
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The “lean thinking” oriented management style, initiated by the Toyota production system in the 1940s and used in different sectors
today, comes to the fore while eliminating idle and resource-wasting processes from operational processes. Leanness represents
the leanest/simplest/easiest logistics activities that can create two-way added value to customers and businesses; products are
available at the desired place and time and in the requested way, and flexibility in all processes ensures and maintains customer
satisfaction. Lean logistics emphasizes minimum error and continuous process improvement (Bowersox et al., 2002). Lean
logistics is a performance-oriented management style suitable for minimum storage, self-management of the system, extensive use
of technology, delivery, and distribution in smaller quantities than traditional logistics, and extended instead of short-term contracts
(Ozkan et al., 2015). Lean logistics is a working philosophy to identify and remove waste in the supply chain (Alejandro-Chable
et al., 2022). Many sectors include and prefer lean logistics in their production support activities due to its ongoing positive added
value. Many studies have examined lean logistics in different sectors, such as automobile enterprises (Liang & Wang, 2013; Silva,
2015; Zhang, 2015), transportation enterprises (Vasiliauskas et al., 2014), hospital logistics and healthcare (Aguilar-Escobar &
Garrido-Vega, 2012; Serrou et al., 2016; Khlie et al., 2016; Teng et al., 2019), logistics companies (De Haan et al., 2012; Buzdik
et al., 2019; Rodrigues & Kumar, 2019), forest industry (Fallas-Valverde et al., 2018), manufacturing and production companies
(Dolak & Suchanek, 2015; Nowicka-Skowron & Ulewicz, 2017), agricultural product companies (Zhang & Yang, 2010; Szabo et
al., 2021), miner sector (Arango Serna et al., 2009), e-businesses (Cao, 2007), urban logistics (Escuder et al., 2020), maritime and
port sector (Lyonnet, 2016; Frontoni et al., 2020; Praharsi et al., 2021), and vehicle industry (Wang et al. 2006).

Conversely, understanding the literature well to determine the conceptual framework of lean logistics as a research field and
its sectoral applications is imperative (Raghuram et al., 2010). Furthermore, reviewing the extant literature to identify the most
relevant and effective studies is essential (Wang et al., 2016). In this context, this study analyzes the lean logistics literature
regarding bibliometrics. The Web of Science (WoS) database is one of the most critical data sources in bibliometric analysis. The
research data of this study comprises 559 different studies, focusing on lean logistics, scanned by international citation indexes in
the WoS database between 1994 and 2022. Bibliometric analysis was used to address the following research questions (RQs):

RQ-1: Who are the most published authors in lean logistics?

RQ-2: Which countries stand out with the number of publications in publication production?
RQ-3: What is the distribution of relevant publications by year?

RQ-4: What is the single-multiple authorship status of the publications?

RQ-5: What are the most commonly used keywords in publications?

RQ-6: What are the most frequently used keywords in cited publications?

RQ-7: What has been the trend in study topics over the years?

RQ-8: What are the main themes/topics studied in lean logistics?

RQ-9: Are the lean logistics literature and researchers’ contributions to this field sufficient?

According to the research findings, studies in the field of lean logistics were first published in the WoS database in 1994. Studies
in the field increased at 8.82% annual rate, and there were 22.04 citations per study. Furthermore, 1,423 researchers and 19,359
sources were used in the field between 1994 and 2022. Additionally, 61.9% studies were articles, 26.12% papers, 4.65% reviews,
and 2.5% book chapters in the field; 237 publications were made between 2015 and 2020; most studies were published in 2016,
with 54 publications. After 2016, a downward trend occurred in the number of studies. Among the top 15 researchers in the field of
lean logistics, Jose Arturo Garza-Reyes, Vikas Kumar, and Guileherma Luz Tortorella were the most published ones; the top three
journals are “Production Planning & Control,” “International Journal of Logistics-Research and Applications,” and the “Journal
of Cleaner Production.” The most commonly used keywords are “lean,” “lean manufacturing,” and “value stream mapping.” In
addition to lean logistics, “supply chain management,” “health,” “lean thinking,” “lean management,” “6 Sigma,” “agility,” and
“sustainability” were frequently preferred keywords. Furthermore, most publications in the field belonged to Garza-Reyes JA and
Kumar V, with 10 studies, and the most cited source locally was Womack J.P et al.’s (1990) “The Machine That Changed the
World: The Story of Lean Production” (n = 80). The most cited source globally was Kleindorfer and Saad’s (2005) “Managing
disruption risks in supply chains” (n = 956).

Furthermore, publications in the field were analyzed regarding country collaborations. According to the results, China, the
United Kingdom (UK), and the United States were the leading countries in author collaboration. More than 60 studies in China
and the UK found author collaboration, but most collaborations in China were intracountry, while the UK had more cross-country
collaboration. In contrast, Turkey is among the top 20 countries regarding author collaboration; however, author collaboration in
all Turkish studies was limited to the country. In other words, Turkish researchers did not establish international collaboration
in the field. After examining the scientific production of the country, when the affiliated institutions of the published researchers
were examined, the top three institutions were Cardiff Business School, Cranfield University, and Cardiff University from the UK.
Furthermore, the most frequently used keywords included “thematic map,” “conceptual structure map,” and “common network
analysis,” showing that author collaboration was also included in detail; thus, Lotka’s law indicates that the literature on the central
theme of lean logistics is insufficient and must be developed.
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Giris

Kiiresellesme olgusuyla artan rekabet sirketlerin hem i¢ hem de dis ¢cevrede degisen dinamiklere gore yeni roller almalarini,
isletme siireclerinde iyilesme yapmalarini gerektirmektedir. Ozellikle gelinen noktada miisteri memnuniyetinin son derece &nem
kaydetmesi nedeniyle katma deger akisinin iyilestirilmesi i¢in organizasyonlardaki gerekli lojistik siireglerin kalitesinin ve ver-
imliliginin gliclendirilmesi sirketlerin uzun vadede memnun miisteri kapasitesinin artmasini ve kemiklesen miisteri kitlesine
erigsimini kolaylagtiracaktir. Bu baglamda tedarik zinciri yonetimi acisindan lojistik faaliyetler siire¢ performansi igin kilit role
sahiptir. Giiglii lojistik siireclerden bahsetmek icinse deger akisindaki atil, gereksiz siireclerin ortadan kaldirilmasi, kolay erisilen,
akici, zaman avantaji saglayan, giivenli ve en az riskli siireclerin saglanmasi gereklidir. Atil olan ve kaynak israf1 yaratan siirec-
lerin operasyonel siire¢lerden arindirilmasi agsamasinda ise 1940’larda Toyota iiretim sistemi ile baglayan ve giiniimiizde farkli
sektorlerde uygulamalar1 bulunan “yalin diisiince” odakli yonetim sekli 6n plana ¢ikmaktadir. Toyota’nin ABD parca dagitim siste-
minde yalin diisiince felsefesinin tedarik zinciri yonetimine uygulanmasiyla, yalin iiretim, yalin stok yonetimi, yalin perakendecilik
ve s0z konusu tedarik zincirindeki ii¢ ana boliim arasindaki akiga aracilik eden lojistik faaliyetlerinde yalin diislince odaginda
olmasiyla yalin lojistik kavrami ortaya ¢ikmistir (Womack ve Jones,1996). Baudin (2004) ise yalin lojistikten, yalin {iretimin
lojistik boyutu olarak bahsetmektedir. Yalin lojistik, minimum diizeyde depolamaya uygun, sistemin kendi kendine yonettigi, genis
teknoloji kullaniminin s6z konusu oldugu, geleneksel lojistige gore daha kiigiik miktarlarda teslimat ve dagitimin yapildigi, kisa
siireli sozlesmeler yerine uzun sézlesmelerin oldugu, performansa odakli bir yonetim seklidir (Ozkan vd.,2015). Yalin lojistik,
stireclerde sifir hata ve devamli iyilesme odaklidir (Bowersox vd.,2002). Yalin lojistik, yalin tedarik zinciri yonetimindeki lojistik
stireclerdeki gereksiz masraflarin ortadan kaldirilmasi, katma deger yaratmayan faaliyetlerden vazgecilmesi agisindan siireclerin
iyilestirilmesini hedeflemektedir (Baudin,2004). Yalin lojistik, tedarik zincirindeki israf1 belirlemeye ve kaldirmaya yonelik bir
caligma felsefesidir (Alejandro-Chable, 2022).

Yalin lojistik, isletmelerin miisteri memnuniyetini saglamak ve siirdiirmek icin {iriinlerin istenen yerde, istenen zamanda, talep
edilen sekilde ve tiim siireclerde esnekligin mevcut oldugu ayrica bunlara paralel olarak kaynak israfinin engellendigi, miisteri
ve isletmeye iki yonlii katma deger yaratabilen en yalin /basit/ kolay sekildeki lojistik faaliyetler olarak ifade edilebilir. Ozellikle
depolama ve fazla stoklama durumunun yani sira uygun olmayan depolama durumunda gerekli malzemenin tedariginde zaman ve
maliyet yaratan hareket durumu s6z konusu olabilmektedir. Bu gibi durumlar lojistik yonetiminin karmagsiklig1 veya verimsizligi
ile ilgilidir ve yalin lojistik calisma felsefesi de tam bu agsamada isletmeler i¢in gerekli ¢ozlimii saglamaya odaklanmistir. Xuming
(2011), yalin diisiincenin ¢ok sayida yeni fikir ve teorisinin lojistik sektoriinde giderek daha yer edinmesiyle ortaya ¢ikan yalin
lojistik yaklagiminin fiziksel dagitimdan liretim kontroliine, bilgi yonetiminden tedarik¢i destegine kadar bir lojistik sisteminin
siire¢ yonetiminden kaynaklanan veya kurulugun kiiltiiriinden dolay1 olarak ortaya c¢ikan israfi ortadan kaldirmak icin kullanilan
bir calisma felsefesi oldugundan sz etmektedir. Kaynak israfina odaklanan bu yaklagimin siirdiiriilebilir iiretim sistemlerini de
destekledigi bilinmektedir (Miicevher, 2021). Israfin azaltilmasina odaklanarak, rekabetci is performansinin artirilmasina yonelik

.....

.....

vd.,2016; Teng vd.,2019), lojistik sirketi (De Haan vd.,2012; Buzdik vd., 2019; Rodrigues ve Kumar, 2019), orman endiistrisi
(Fallas-Valverde vd., 2018), imalat ve iiretim sirketleri (Dolak & Suchanek,2015) ; Nowicka-Skowron ve Ulewicz, 2017), tarimsal
tiriin girketleri ( Zhang ve Yang, 2010; Szabo vd.,2021), madencilik sektorii (Arango Serna vd.,2009), e-isletmeler (Ca0,2007),
kentsel lojistik (Escuder vd.,2020), denizcilik ve liman sektorii (Lyonnet,2016; Frontoni vd.,2020; Praharsi vd.,2021), arag
endiistrisi (Wang vd.2006) gibi farkli sektorlerde yalin lojistik iizerine bir¢ok caligmaya rastlanmustir.

.....

oldugu gibi literatiiriiniin iyi anlagilmasi son derece 6nemlidir (Raghuram vd., 2010). Diger yandan literatiir taramas1 sonucunda
en ilgili ve en etkili calismalara vurgu yapmak 6nemli ve kritiktir (Wang vd.,2006). Ozellikle genis bir literatiire sahip alanlarda,
aragtirmaya nereden baglanmasi, 6ne ¢ikan ¢aligmalarin neler oldugu, en ilgili dergilerinin belirlenmesi uzun siire alabilmektedir.
Arastirmacilara kolaylik saglamasi, yon gostermesi ve firsatlar degerlendirmesi amacina yonelik ise konu genellikle bibliyometrik
caligmalar yapildig: goriilmektedir. Yalin lojistik alaninda ise neredeyse bibliyometrik ¢aligma yok denecek kadar azdir. Bu durum
yalin liretim veya yalin tedarik zincirinden ayr1 olarak, daha spesifik yalin lojistik alaninda caligmak isteyen arastirmacilar i¢in
dezavantajli bir durum yaratmaktadir. Buradan yola ¢ikarak bu calismada 1994-2022 yillar arasinda, uluslararasi alan indeksli
akademik kaynaklarin tarandig1, Web of Science (WoS) veri tabaninda “yalin lojistik™ alanindaki calismalarin bibliyometrik analizi
detayl olarak incelenmis, alanda en etkili aragtirmacilar, en ¢ok atif alan caligsmalar, en ilgili dergiler, kaynaklar ve kurumlar, en
cok is birligi yapilan iilkeler, en sik tercih edilen anahtar kelimeler, alanda one ¢ikan temalar ve yazarlar arasindaki ag analizinin
tespit edilmesi yoluyla gelecekte alanda yayin yapmak isteyen arastirmacilar icin bir yol haritast hazirlanmasi amaglanmusgtir.
Caligsma girig ve sonu¢ boliimii disinda {i¢ ana boliimden olugsmaktadir. Boliim 1’de caligmaya temel olugturacag: diisiiniilen,
literatiirde yer alan yalin, yalin iiretim, yalin lojistik ve yalin tedarik zinciri yonetimindeki bibliyometrik analizler incelenmistir.
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Boliim 2’de yontem ve veriler detaylandirilmig, Boliim 3’te ise bibliyometrik analizinin bulgularina genis yer verilmistir. Sonug
ve tartigma boliimiinde bulgular baz alinarak yalin lojistik alan yazinina iliskin genel degerlendirmeler yapilmis, arastirmacilar ve
uygulamacilar i¢in Oneriler de bulunulmustur.

1. Literatiir incelemesi

Miisteri ihtiyaclarini karsilayarak maliyet ve atiklarin azaltilmasina odaklanan stratejik bir model olan yalin tedarik zinciri yonetimi,
arastirmacilar ve uygulayicilar arasinda biiyiik ilgi gormektedir (De Sousa vd., 2018). Yalin tedarik zincirinin ¢ikis felsefesi olan
yalin kavrami bagta olmak iizere, yalin iiretim, yalin lojistik ve yalin tedarik zinciri yonetimi iizerine ise teorik ve amprik olmak
lizere genis bir literatiir bulunmaktadir. Bu kisimda yalin ve yalin iiretim konusundaki bibliyometrik analizlerden de ornekler
yer alirken, yalin tedarik zinciri ve yalin lojistik konularinda yayinlanan bibliyometrik caligmalara odaklanilmis ve s6z konusu
literatiirden Ornekler sunulmustur:

Dal Forno ve Forcellini (2012), 2007-2011 yillar1 arasinda literatiirde Emerald ve WoS veri tabaninda yer alan “yalin {iriin
gelistirme” konusundaki 289 c¢aligmay1 bibliyometrik olarak incelemis, alandaki ¢aligmalarinin egilimlerini, metodolojilerini,
caligmalarin uygulamalarinin yapildigi sektorlerin neler oldugunu belirlenmiglerdir. Alandaki ¢aligma sayisinin zamana paralel
artig gosterdigini tespit etmiglerdir.

Martinez-Jurado ve Moyano-Fuentes, (2014), yalin yonetim, tedarik zinciri yonetimi ve siirdiiriilebilirlik arasindaki baglantilara
iligkin 1993-2013 y1l araliginda literatiirde yer alan ¢alismalari, konu kiimelerine gore gruplandirarak ve sinirlandirarak amprik
caligmalarin sektorel ayrimlarini, calismalarda kullanilan anahtar kelimelerin neler oldugunu incelenmiglerdir.

Endler vd. (2018), 1992- 2016 yillar1 arasinda WoS veri tabaninda yer alan “yalin tedarik™ anahtar kelimesini kullanarak yalin
tedarik iizerine erisilen 211 bilimsel iiretimin niceliksel bir analizini bibliyometrik olarak incelemislerdir.

De Sousa vd. (2018), 1999-2018 yillar1 arasinda Scopus ve WoS veri tabanlari tarafindan indekslenen dergilerde yayinlanan
57 makale araciliiyla bibliyometrik analize dayanarak Yalin Tedarik Zincirleri literatiiriinii inceledikleri ¢aligmada “yalin tedarik
zinciri” anahtar kelimesine gore en ilgili derginin Supply Chain Management and International Journal of Lean Six Sigma oldugu,
International Journal Production Economics ve International Journal of Production Research dergilerinin de 6nemli kaynaklar
oldugunu; alanda en iiretken olan iilkenin Hindistan oldugunu, iilke igbirliginde ise ABD’nin 6ne ¢iktigini; s6z konusu literatiirde
performans, strateji, bilgi, yonetim ve siirdiiriilebilirlik konularinin siklikla tekrar edildigini belirlenmislerdir.

Iyengar ve Bharathi (2018), Google Akademik, Scopus ve ResearchGate veri tabanini inceleyen arastirmacilar, 1990-2017 yillar1
arasinda yayinlanan otomobil endiistrisi baglaminda yalin, cevik ve leagile (hibrit) tedarik zincirleri iizerine akademik yayinlar
icin bibliyometrik arastirma sonucunda, ABD’li ve Cin’li aragtirmacilarin yalin tedarik zinciri alanina genig katkilarinin ve yiiksek
atif sayilarinin oldugunu, Hintli yazarlarin ise ¢evik tedarik zincirinde 6ne ¢iktiklarini belirlenmistir.

Ciano vd. (2019), alanla en bagindan beri ilgili olan International Journal of Production Research dergisinin “yalin” hakkindaki
literatiiriinii VOSviewer yardimiyla bibliyometrik agidan incelemislerdir. Dergide yayinlanan ¢aligmalarin zaman igerisinde yalin
konusunun nasil ele alindigini karsilastirmalr olarak aragtirma akistyla sunduklar1 caligmada, “yalin” kavraminin baslangicindan
beri 6nemini korudugunu, dergideki yayinlardaki son egiliminin ise Endiistri 4.0, siirdiiriilebilirlik ve yeniden iiretim ile iligk-
ilendirildigini tespit etmiglerdir. Calismada Scopus veri tabani tercih edilirken, ilgili 806 yayin incelenmistir. Benzer sekilde Alasai
vd. (2023), yalin ve Endiistri 4.0 entegrasyonu iizerine 2010-2022 yillar1 arasinda Scopus veri tabaninda yer alana calismalari
bibliyometrik a¢idan incelemislerdir.

Taddeo vd. (2019), bilimsel literatiir veri tabanini kullanarak, bibliyometrik ve ag analizi yoluyla temiz iiretim arastirmalarinin
ve yayinlarinin yalin lojistik alanina nasil giderek dahil edildigini, bu alt alandaki ana konularin neler oldugunu ve ortak aragtirma
temalarini Yalin ve Temiz iiretim arastirmalarina iligkin niteliksel/niceliksel bir genel bakis sunmak amactyla, Scopus veri tabaninda
1990-2017 yillar1 arasindaki yayinlar1 incelemislerdir. Ucinet yazilimindan yararlanilan ¢aligmanin bulgularinda, yalin tedarik
zinciri konusundaki calismalarin zamana bagl pozitif yonde artan egilimde oldugu, yalin ve temiz tedarik zinciri konusunda ise
hemen hemen her yil ayn1 diizeyde yayin yapildiging; yalin TZY alaninda 6nemli dergilerin SAE Technical papers ve International
Journal of Production Research oldugunu belirlerken, alanda etkin 300 yazar arasindaki sosyal ag (is birligi) analizine de yer
vermiglerdir.

Garcia-Buendia vd. (2021), 1996-2018 yillar1 arasinda WoS veri tabanindaki yalin tedarik zinciri konusunda yaynlari inceley-
erek, alandaki ana temalar1 ve gelecek trendleri degerlendirmistir. SciIMAT bibliyometri programi kullanarak, bagliklarda “yalin”
ve “tedarik zinciri” kelimeleri iceren 576 caligmay1 inceleyen aragtirmanin bulgularinda en ¢ok yayin yapan yazarin Garza-Reyes
ardindan Kumar oldugunu, en iiretken iilkenin sirastyla ABD, Ingiltere ve Hindistan oldugunu; en ilgili derginin Journal of Cleaner
Production, International Journal of Production ve International Journal of Production Research oldugunu belirlemis, ayrica alana
iligkin tematik ayrima da yer vermiglerdir.

Raji vd. (2021), yalin tedarik zinciri ve ¢evik tedarik zinciri stratejik olarak entegre kullanmasinin tedarik zinciri yonetiminde
performansi artirdig1 varsayimindan yola cikarak, bilginin tasarlanmasi, aktarilmasi ve gelistirilmesi prosediiriinii dinamik bir
bakis acisiyla inceleyerek yalin-cevik tedarik zincirinin son durumunu ortaya ¢ikarmak i¢in yogun bir bibliyometrik bir analiz
sunmuglardir.
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Oliveira-Dias vd. (2021) ise tedarik zinciri duyarliligini, yalin tedarik zincirini ve ¢evik tedarik zinciri stratejilerini kullanarak
iyilestirmeyi amagclayan iki tedarik zinciri stratejisi baglaminda bilgi teknolojileri (BT) lizerine yapilan arastirmalarin 1996 - 2019
arasindaki tematik gelisimini SCIMAT yazilimi kullanarak bibliyometrik olarak incelemis, alanda yaymlanmis ¢caligmalarin atiflar,
en cok katkida bulunan yazar, dergi etki faktorii, h-faktorii, makalelerin cografi dagilimlarini incelemislerdir.

Sopadang ve Wishaisri (2021) ise yalin siirdiiriilebilir lojistik alanindaki ¢caligmalar1 “siirdiiriilebilir kalkinma”, “yalin konsept”
ve “lojistik yonetimi” kavramlar1 baglaminda bibliyometrik olarak ele almigtir.

Ozdagoglu vd. (2022), WoS veri tabaninda 1988-2021 yillar1 arasinda yalin iiretim konusundaki 1941 makaleyi bibliyometrik
olarak incelemislerdir. VOSviewer yardimiyla alanda en ilgili 25 yazar, en iiretken iilke, en fazla katki sunan kurum, makalelerin
yay1n dillerinin yan1 sira en ilgili dergileri de belirlemiglerdir. Bulgulara gore International Journal of Production Research en ilgili
dergidir.

Kumar vd. (2023), yalin iiretim ve Endiistri 4.0 tekniklerinin entegrasyonu alaninda 6ne cikan arastirmalarinin bilegenlerini
belirlemek ve entelektiiel yapiy1 ortaya koymak amaciyla Scopus veri tabaninda yer alan yayinlart VOSviewer azilimindan
yararlanarak bibliyometrik olarak analiz etmislerdir. Yalin iiretim ve Endiistri 4.0 entegrasyonun akademik olarak ilk 2016 yilinda
yayimnlandigini belirleyen yazarlar, 2016-2021 zaman araliginm aragtirma veri aralig1 olarak belirlemisler ve Scopus veri tabaninda
“yalin imalat”, “yalin liretim”, “yalin alt1 sigma”, “Endiistri 4.0, “akill1 iiretim”, “akill1 imalat”, “yalin 4.0” ve ““Yalin Endiistri 4.0”
anahtar kelimeleri ile yaptiklar1 analizde konu 6zelinde 433 yayini bibliyografik olarak incelemislerdir. Arastirmanin bulgularinda
en ilgili kaynagin International Journal of Production Research; en ilgili yazarin Tortorella G.L.; en ¢ok yayini olan iilkenin
Hindistan oldugu ve alandaki yayin sayisinin en fazla oldugu yilin 2021 y1li oldugu belirlenmistir.

Citybabu ve Yamini (2023) benzer sekilde yalin alt1 sigma ve Endiistri 4.0 entegrasyonun kavramsal ¢ercevesini olusturmak
amaciyla 2011-2022 yil araliinda Scopus ve WoS veri tabaninda yayinlanmis makaleleri VOSviewer ardimiyla bibliyometrik
olarak incelemislerdir. Calismanin verileri “yalin”, “alt1 sigma”, “yalin alt1 sigma” ve “Endiistri 4.0” anahtar kelimeleri ile her iki
veri tabaninda yer alan, yayn dili Ingilizce olan 356 makaleden olusmaktadir. Arastirmanin bulgularinin Kumar vd. (2022)’nin
caligmasinin bulgulariyla genel olarak paralel oldugu, ancak en ¢ok yayin yapilan iilkenin italya oldugu belirlenmistir. Bu durum
ozellikle 2021 ve sonrasinda yalin alti sigma ve endiistri 4.0 entegrasyonu iizerine Italya’da daha fazla ¢alisma yapildigini
gosterirken, Hindistan’in siralamada ikinci olduguna da yer verilmistir.

Alp ve Akalm (2023) ise yalin yonetim konusunda 1996-2022 yillari arasinda Tiirkiye Yiiksek Ogretim Tez Merkezi veri
tabaninda yer alan 86 lisansiistii tezlerini bibliyometrik olarak incelemis, atif ve ag iligkisine yer vermeyen ¢alismada s6z konusu
tezler icin yillara gore dagilimi, yayn dili, yazarlarin cinsiyetleri, danisman unvanlari, hangi iiniversitelerde ve illerde yazildiklari,
anabilim dal1 ve enstitii dagilimlari, sayfa aralig1 gibi deterministik istatistikler ortaya konmustur.

Literatiirde alan1 bibliyometrik olarak inceleyen calismalar veri tabanlar1 ve dergi 6zelinde, ¢aligma yillar1 ve arama anahtar
kelimeleri agisindan ayrica tercih edilen yazilim programlar: ile farklilagmaktadir. Diger yandan s6z konusu literatiirde yalin
liretim ve yalin tedarik zinciri konusunda bibliyometrik calismalarin yogunlukta oldugu, yalin lojistik konusunda ise daha az
sayida caligmanin oldugu belirlenmistir. Literatiir taramasindaki bir diger bulgu ise yalin tedarik zinciri ve yalin lojistik alaninda
ulusal literatiirde bibliyometrik ¢aligmalarinin neredeyse yok denecek kadar az sayida oldugudur. Bu baglamda yalin tedarik zinciri
yonetimin alt boyutlarindan bir olarak degerlendirilen, yalin iiretimden, yalin stok yonetimine ve yalin perakendecilige aracilik
eden yalin lojistik ana temasin spesifik olarak ele alan caligmalarin genel egilimlerinin incelenmesi 6nemli goriilmiistiir.

2. Yontem ve Veriler
2.1. Bibliyometrik Analizler

Bibliyometrik analizler, aragtirilmak istenen herhangi bir konuda mevcut ¢aligma, bilgi yapis1 ve arastirma alanlarinin gelisimini
ortaya koymak icin yazili dokiimanlar1 inceleyerek nicel bir degerlendirme saglamaktadir (Pritchard, 1969). Bibliyometrik veriler
lizerinde yapilan soz konusu analiz, kayitli bilginin 6zelliklerinin ve egilimlerinin incelenmesinde, bilimsel ve arastirma alan-
larinin yapilarinin analizinde; arastirma faaliyetlerinin degerlendirilmesinde, bilimsel bilginin yonetiminde ve bilimsel bilginin
yonetiminde kullamilmaktadir (Patra vd.,2006). Bibliyometrik gostergeler, aragtirma performansinin degerlendirilmesinde de bir
arag olarak degerlendirilmektedir (Wallin,2005). Bu analizler, alandaki en verimli aragtirmalar: ve ig birliklerini ortaya ¢ikarmaya
hizmet etmektedir (Subramanyam,1983). Bibliyometrik analizlerin, belirli alanlardaki klasik arastirma akislarinin yani sira dergi
performansini, ortak yazarlari, ortak atif egilimlerini belirlemek i¢in de uygun analizlerdir (Baker vd. 2019). Bununla birlikte,
bibliyometrik analizdeki en kritik hedeflerden biri, tutarli ve standartlagtirilmig bir gosterge seti elde etmektir (Van Raan 2004).
Donthu vd. (2021), bibliyometrik analizlerin disiplinler aras1 metodolojiler ve biiyiik hacimli verilerin islenmesi i¢in popiilerlik
kazandigindan bahsetmistir.
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2.2. Veriler

Bibliyometrik analizde en 6nemli veri kaynaklarindan biri WoS veri tabanidir. Bu ¢aligmadaki aragtirma verileri, WoS veri ta-
baninda 1994-2022 araliginda uluslararas: atif indeksleri tarafindan taranan yalin lojistik ana temasinda yazilmus farkl: tiirlerdeki
559 calismadan olugmaktadir. WoS veri tabani kullanilarak yalin lojistik alaninda yayinlanan 559 ¢aligmanin yayin yillari, yayin
tiirleri, yayin dilleri, bagliklari, yazar isimleri, yazarlarin iilkeleri, ka¢ kaynaga atif yaptiklar1 ve WoS veri tabaninda ka¢ kaynaga
atif yaptiklari, 6zetleri, anahtar kelimeleri ve kaynakgalar1 elde edilmistir. Elde edilen veriler kapsaminda 559 ¢alismanin yil-
lara gore dagilimi, yayin tiirleri, veri tabanindaki toplam aragtirmaci sayisi, yillik ortalama yayin sayisindaki degisim ve yayin
bagina diisen ortalama atif sayisi incelenmistir. S6z konusu atif ve sosyal ag analizleri i¢in literatiirde de bahsedildigi iizere
(VOSviewer, SciMAT, Ucinet vb. gibi) ayni amagla kullanilan, benzer ¢iktilar1 olan yazilim programlar1 bulunmaktadir. R ta-
banli Biblioshiny’de bu progamlardan birisidir. R tabanli bu yazilimin, etkili istatistiksel algoritmalar icermekte ve entegre veri
gorsellestirme araclarinin bulundurmaktadir (Aria ve Cuccurullo,2017). Bu ¢alismada bibliyometrik analiz icin R tabanli Bibil-
ioshiny for bibliometrix paket programi kullanilmig ve bu analizler aracilig1yla asagidaki arastirma sorularina (AS) yanit aranmastir:

AS-1: Yalin lojistik alaninda en ¢ok yayin yapan yazarlar kimlerdir?

AS-2: Yayin iiretiminde yayin sayisi ile one c¢ikan iilkeler hangileridir?

AS-3: [lgili yayinlarin yillara gore dagilimi nasildir?

AS-4: Yayinlarin tekli-¢oklu yazarlik durumu nedir?

AS-5: Yayinlarda en ¢ok kullanilan anahtar kelimeler nelerdir?

AS-6: Auf yapilan kaynak yayinlarda siklikla kullanilan anahtar kelimeler nelerdir?
AS-7: Caligma konular1 yillar icinde nasil bir egilim izlemistir?

AS-8: Yalin lojistik alaninda ¢aligilan ana temalar/konular nelerdir?

AS-9: Yalin lojistik literatiirii ve aragtirmacilarin bu alana katkilar yeterli midir?

2.3. Analiz ve Bulgular

Ilk olarak, Tablo 1°de 559 ¢alismanin zaman araligini, veri tabanindaki toplam arastirmaci sayisini, y1llik ortalama yayin sayisindaki
degisimi ve yayimn bagina ortalama atif sayisim gosterilmistir. Tek yazarli belgelerin yazar istatistikleri de Tablo 1’de ayrica
detaylandiriimigtir.

Tablo 1. Yayinlara iliskin Temel istatistikler

Tanim Sonuglar
Zaman Aralig1 1994-2022
Kaynaklar 315
Belgeler 559

Yillik Biiyiime Orani 8.82 %
Dokiiman basina ortalama atif sayisi 22.04%
Toplam yazar sayisi 19.359
Tek yazarli yayin yapan aragtirmaci sayisi 1423

Tek yazarli yayin sayisi 59

Tablo 1’e gore yalin lojistik alanindaki ¢aligmalarin WoS veri tabanina ilk kez 1994 yilinda yayinlandig1, alandaki caligmalarin
yillik bazda %8,82 oraninda arttig1 ve alandaki ¢aligma bagina ortalama 22,04 atif diistiigii gbzlemlenmistir. Ayrica alanda toplam
1.423 arastirmaci oldugu ve toplam 19.359 kaynak kullanildig1 belirlenmig olup, 59 arastirmacinin tek yazarl caligmalarla alana
katk: sagladigi tespit edilmistir. Yazarlarin ig birligi Tablo 2’de detaylandirilmigtir.

Tablo 2. Yazar Is Birligi

Yayin basina ortak yazar sayisi 2.92
Uluslararasi ortaklik ytlizdesi 23.43

Tablo 2 incelendiginde, alandaki belge basina ortak yazar sayisi 2,92, uluslararasi ortak yazarlik yilizdesi ise 23,43 olarak
hesaplanmustir. Tablo 3 yayinlarin tiirlerine gore dagilimini gostermektedir.
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Tablo 3. Yayinlarin tiiriine gore frekans analizi

Yaymn Tiirii Frekans Yiizde (%)
Makale 346 61.90
Kitap Bolimii 14 2.50
Erken Erisim 14 2.50
Makale: Bildiri 10 1.79
Bildiri 146 26.12
Derleme 26 4.65
Derleme: Erken Erigim 3 0.54

Tablo 3’e gore veri tabaninda yer alan yalin lojistik alanindaki ¢caligmalarin %61,9’unun makale, %26,12’sinin bildiri tiiriinde
oldugu goriilmiistiir. %4,65’inin derleme, %?2,5’inin kitap boliimii ve %?2,5°nin de erken erigim oldugu tespit edilmistir. Alandaki
caligmalarin yillara gore dagilim oranlar1 Grafik 1°de gosterilmistir.
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Grafik 1. Yaymlarin yillara gore dagilimi

Yayinlarin yillara gore dagilimi incelendiginde alanda caligmalarin en ¢ok 2015-2020 yillar1 arasinda yaymlandigi goriilmektedir.
S6z konusu zaman diliminde 237 yayin yapildig1 goriiliirken, 2016 y1l1 yayinlanan 54 yayin ile en ¢ok yayin yapilan zaman dilimidir.
Ote yandan, 2021 yilinda bir sicrama yasansa da 2016 yilindan sonra yayin sayisinda bir azalma egilimi oldugu goriilmektedir.
Grafik 1 genel olarak degerlendirildiginde yalin lojistik alanindaki yayin sayisinin 2005 ve sonrasinda ciddi bir sigrama sonrasi
artisa gectigi, 2010 sonrasi ise sigra trendini iki katladigi, bu durum, alanla da oldukca yakin iligkili olan, dijital ¢cag veya diger
adiyla Endiistri 4.0' paralelinde hem alanin daha iyi anlagilmas1 hem de iiretim basta olmak iizere yalin lojistik uygulamalarinin
artmastyla ve kiiresellesmenin olumsuz c¢evresel etkileriyle 6nem kazanan siirdiiriilebilirlik ve yesil tedarik zinciri ¢aligmalarinda
yalin lojistigin farkindalik kazanmasiyla iliskilendirilebilir. Oyle ki s6z konusu literatiir detayli incelendiginde teknolojideki
gelismeler ve siirdiiriilebilirlikle iligkilendirilmis yalin lojistik ¢aligmalarinin son 20 yilda artig1 goriilebilir.

Caligsmalarin yayinlandig: dergiler, yazarlart ve tercih edilen anahtar kelimeler arasindaki iligki ise Sekil 1’de gosterilen ii¢
alan grafigi ile incelenmistir. Uc alan grafiginde, dergiler, yazarlar ve tercih edilen anahtar kelimeler arasindaki iligkinin yan1
stra, her bir kategori i¢in birimlere ait dikdortgenlerin boyutu her birinin alandaki ¢aligsma sayisinin ¢oklugu ile dogru orantilidir
(Rusydiana,2021). Bu baglamda ii¢ alan grafigini yorumlarken dikdortgenlerin renk yogunlugu degil, boyutlarinin genisligi dikkate
alinmalidir.

Sekil 1’e gore "yalin lojistik" alaninda ilk 15 arastirmaci arasinda en ¢ok yayin yapan aragtirmacilarin Jose Arturo Garza-
Reyes, Vikas Kumar ve Guileherma Luz Tortorella oldugu goriilmektedir. Alaninda en ¢ok yayin yapan dergilerde yukarida
ad1 gecen yazarlarla ilgili 11 kaynak oldugu goriiliirken, ilk 3’te "Production Plannind & Control", "International Journal of
Logistics-Research and Applications” ve "Journal of Cleaner Production " olmustur. Ote yandan 11 anahtar kelimenin 6ne ¢iktig1

9

goriilmektedir. En ¢ok kullanilan 3 kelime ise “yalin”, “yalin iiretim” ve “deger akis haritalama” olarak belirlenmistir. Yalin lojistigin

99 G

yant sira “tedarik zinciri yonetimi”, “saglik”, “yalin diisiince

LEINT3 ELINT3

, “yalin yonetim”, “6 sigma”, “ceviklik” ve “siirdiiriilebilirligin” de

! Endiistri 4.0, 2011 yilinda Hannover Fuarinda kamuoyuna tanitilmistir. Alman hiikiimetinin yiiksek teknoloji stratejisindeki bir projeden kaynaklanan giincel sanayi devrimi Siber
Fiziksel Uretim Sistemlerini gelistirmis, iiretimde gergek zamanli iletisimi ve is birligini miimkiin kilmistir (Xu, 2021:530).
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Sekil 1. Ug Alan Grafigi: Yazarlar, Anahtar Kelimeler ve Dergiler Arasindaki Iliski

anahtar kelimeler arasinda siklikla tercih edilmistir. Bu ¢izelgede bahsi gecen kaynaklar, alanda en ¢ok yayin yapan yazarlara ve
kullandiklar1 anahtar kelimelere gore degerlendirilmistir. Yalin lojistik alaninda en ilgili 10 kaynak ise Tablo 4’te gosterilmistir.

Tablo 4. En Alakali Kaynaklar

Dergiler Makale h-endeks Toplam Atif
Sayisi degeri Sayisi

Production Planning & Control 24 13 626
International Journal of Production Economics 14 13 768
Sustainability 14 6 101
International Journal of Lean Six Sigma 13 6 161
International Journal of Logistics Research and Applications 13 8 196
International Journal of Logistics Management 13 10 391
International Journal of Production Research 13 11 888
Logforum 11 5 47
International Journal of Operation & Production Management 9 9 813
Journal of Cleaner Production 8 8 579

Tablo 4, Yalin Lojistik temasiyla ilgisine gore her bir dergi tarafindan yayinlanan arastirma makalelerinin sayisini gostermektedir.
Buna gore, yalin lojistik ana temasinda en fazla yaym yapan derginin “Production Planning & Control” oldugu gdriilmektedir.
Yalin lojistikteki bilimsel etki degerine gore ‘“Production Planning & Control” iin yanm sira “International Journal of Production
Economics” in de 13 h-endeks degerine sahip oldugu goriilmektedir. Ote yandan alanda etki degeri yiiksek olan International
Journal of Production Research ve International Journal of Logistics Management dergilerinde de 10 ve lizerinde h endeks degerine
sahip oldugu belirlenmistir. Diger yandan en ilgili 3 kaynaktan biri olan “Journal of Cleaner Production” dergisinin etki derecesi
nispeten daha gerilerde gerceklegmisgtir.

Kaynaklar arasindaki ortak atif ag1 analizi ise Sekil 2°de gosterilmistir

Sekil 2°de yer alan kaynaklar arasindaki ortak atif ag1 analizine yer verilmistir. Ortak atif, iki belgeye birlikte atifta bulunulma
sikligin ifade etmektedir ve birbirinden farkli iki belge ye yapilan atiflarin ilerleyen zamanlarda artarak tekrarlanmasi ise iki
belge arasindaki baglantinin oldugu gostermektedir (Small, 1973). Ortak atif analizi, secilen makaleler arasindaki ¢capraz referans
iligkilerini hesaplarken, ag analizi, ortak atif yapisin1 gorsellestirmek ve agdaki temel makaleleri belirlemek icin kullanilir (Tang
vd.,2021). Sekil 2’de gosterilen ortak atif ag analizinde, baglantililik (betweeness) ve yakinlik (closeness) derecelerine gore
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Sekil 2. Kaynaklar Arast Ortak Atif Ag1

kirmizi ve mavi olmak iizere iki farkli kiime oldugu goriilmektedir. Her iki kiimede yer alan kaynaklar1 temsil eden dairelerin
biiyiikliigii ise benzer sekilde kaynagin alandaki etki diizeyi ile paralellik gdstermektedir. Bu baglamda kirmizi kiimede en
yiiksek betweeness (79,97) ve closeness (0,014) derecesine gore "International Journal of Operations & Production Management"
dergisinin 6n planda oldugu goriiliirken, "Journal of Operations Management" (betweeness:57.09, closeness:0.014) ikinci; "Supply
Chain Management" (betweeness:55.37, closeness:0.014) ise iiciincii sirada yer almaktadir. Ote yandan, mavi kiimede one ¢ikan
kaynaklardan ilki "International Journal of Operations & Production Management" (betweeness:74.32; closeness:0.013) iken,
"International Journal of Production Research" (betweeness:54.80; closeness:0.013) dergisi de 6ne ¢ikan ikinci onemli kaynaktir.

Tablo 5°te alanla en ilgili ilk 15 yazarin listesini gosterilmektedir. Alanla ilgili ilk 15 yazar icin makale sayis1 ve bilimsel
deger indeks degerleri (h,g ve m endeks) detaylandirilmigtir. Bu endekslerden h- endeksi, bilim insaninin N sayidaki makalelerin
her birine en az h sayida alinti, kalan diger makalelerine ise en ¢cok h sayida alint1 yapildigi durumda bilim insaninin bilimsel
aragtirma ¢iktisinin kiimiilatif etkisinin h olacagimi ifade etmektedir (Hirsch,2005). g-endeksi ise h-indeksine benzer sekilde
bilimsel deger endeksi olup, h endeksinin yiiksek atif almig yayinlarin yarattigi etki diizeyine duyarli olmamasi dezavantajina
yonelik gelistirilmistir. Bu endeks h endeksinin aksine daha fazla atif almig g adet yayim gostermektedir (Al,2008). Bu nedenle
de her zaman g endeks degeri, h endeks degerine esit veya biiylik olacaktir (Egghe, 2006). Son olarak m endeksi ise, ortalama atif
sayisin1 gostermektedir ve bu endeks degeri h endeks degerinden kiiciik ya da esittir (Bornmann vd., 2008).

Tablo 5. En Alakali Yazarlar

Yazarlar Makale h-endeks | g-endeks m-endeks Toplam Fraksiyonel
Sayisi Atif Sayisi Makaleler

Garza-Reyes JA 10 9 10 1.286 367 2.57
Kumar V 10 8 10 0.889 301 243
Tortorella G 7 4 7 - 90 1.73
Durmusoglu MB 5 3 5 0.273 68 2.17
Villarreal B 5 5 5 0.714 148 1.42
Holman D 4 1 2 0.111 5 1.37
Mishra N 4 4 4 0.800 5 1.12
Satoglu SI 3 1 3 0.100 29 1.50
Shafig M 3 3 3 0.750 19 1.50
Sortana K 3 3 3 0.750 19 1.50
Chistopher M 3 3 3 0.214 137 1.25
Qamar A 3 2 3 0.400 35 1.00
Sthn W 3 2 3 0.167 53 1.00
Hines P 2 1 2 0.038 368 1.50
Michlowicz E 2 1 1 0.167 10 1.50




Journal of Transportation and Logistics

Buna gore alanda en ¢ok yayinin, 10 ¢aligsma ile Garza-Reyes JA ve Kumar V’ye ait oldugu ve her iki yazarin da yakin h-endeks ve
g-endeks degerlerine sahip oldugu goriilmiistiir. Alanda 7 yayini olan Tortorella G’nin h-endeksi 4; alanda 5 yayini olan Villarreal
B’nin h endeksi ise 5 iken, ilk 15 yazar arasinda 4 yayini olan Mishra N nin de h endeksinin 4 oldugu, diger yazarlarin h endeksinin
3 ve alt1 oldugu goriilmiistiir.

Alanda en cok atif alan yayinlar incelenmistir. En ¢ok atif alan ¢aligsmalar yerel ve kiiresel olarak ikiye ayrilmistir. Fetscherin
ve Heinrich’e (2015) gore, toplam yerel atif (TLC) puani, bir makalenin ulagilan 6rneklemdeki diger makaleler tarafindan aldig:
toplam atif sayisimi temsil ederken, toplam kiiresel atif (TGC) puam, IST Web of Knowledge’in tamamina dayali olarak bir
makalenin aldig1 toplam atif say1sini temsil etmektedir. Oncelikle, en cok yerel atif alan referanslar Sekil 3’te gosterilmistir. Sekil
3’e gore, ilk 20 siralamadaki en yiiksek atif sayisi 80, en az atif sayisi ise 18’dir.
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Sekil 3. Yerel Auf Alan Kaynaklar

Sekil 3 incelendiginde yerel olarak en ¢ok atifta bulunulan kaynak " The Machine That Changed the World: The Story of Lean
Production " adli Womack J.P vd. (1990) tarafindan yazilan kitaptir. Bu ¢aligma yalin iiretim sistemini ortaya koyan ilk kitaptir,
1990 yilindan sonra 2007 yilinda ikinci baskis1 yapilmigtir. Listedeki 49 yerel atifla ikinci olan Shah, R. ve Ward P.T. (2003)’e
ait “Lean manufacturing: context, practice bundles, and performance” adli makale yalin iiretim sistemlerinin temel unsurlarinin
uygulanmasi olasilig1 altinda tesis biiyiikliigii, tesis yasi ve sendikalagma gibi ii¢ baglamsal faktoriin etkisini incelemis ve tiretimin
isletme performansina onemli derece katkida bulundugu tespit etmistir. Listedeki dnemli eserlerden biri de Noylar, J.B. vd.’e
ait (1999) " Leagility: Integrating the lean and agile manufacturing paradigms in the total supply chain " baglikli yayinidir. Bu
yayin ise yalin lojistik ve cevik lojistigi toplam tedarik zinciri stratejisi olarak birlestirmeyi 6nermekte ve bunun avantajlarindan
bahsetmektedir.

Tablo 6’da ise kiiresel olarak en ¢ok atif alan kaynaklar gosterilmektedir. Buna gore, ISI Web of Knowledge aginda 956 atifla,
yani kiiresel olarak en ¢ok atif alan belge Kleindorfer ve Saad’1n (2005) "Managing disruption risks in supply chains" baglikl yayin1
olmustur. Bu belge, tedarik zincirlerinde aksama riski yonetiminin temelini olusturan risk degerlendirme ve risk azaltma ortak
faaliyetlerini yansitan yalinlikla ilgili kavramsal bir ¢cerceve sunmaktadir. 455 atif alan ikinci ¢alisma ise, Li, S. ve digerleri (2005)
tarafindan yayimlanan " Development and validation of a measurement instrument for studying supply chain management practices"
baslikli yayindir. Bu dokiimanda tedarik zinciri yonetimi i¢in bir performans araci gelistirilmekte ve TZY nin boyutlarindan biri
olarak yalin uygulamalar ele alinmaktadir.

Veri analizinde, yayinlar arasinda bibliyografik bir baglanti1 kurulmug ve yayinlar icin bir ortak atif baglantis1 olusturulmustur.
Sekil 4’te alanda yaymlanmis 50 bilimsel ¢alisma i¢in, s6z konusu ortak atif analizi ele alinmis ve ag yapisindaki daireler farkli
renklerde gosterilmistir.

Sekil 4’teki renkler ¢alismalarin konu olarak yakinligini, dairelerin biiyiikliigii ise ¢alismanin alandaki etki diizeyini temsil
etmektedir. Diger bir ifade ile kirmizi renkli agdaki makalelerin konular1 kendi i¢inde; mavi renkli agdaki makalelerin konular1
kendi i¢inde ve benzer sekilde yesil renkteki makalelerin konulari kendi i¢inde birbirine yakindir. Her bir renkli agdaki makalelerin
diger renkli agda yer alan makaleye atif verdigi ve aldig1 da goriilmektedir. Makaleler arasindaki ortak atif agi, agda yer alan
makalelerin referanslarinda bir arada bulunan yaymlar arasindaki yakinlagsmalar1 ve bu agdaki aktif yazarlar1 da gostermektedir.
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Tablo 6. En Cok Kiiresel Atuf Yapilan Yayinlar

Yayinlar Toplam  Toplam Atif/Y1l
Auf
*Kleindorfer, P. R., & Saad, G. H. (2005). Managing disruption risks in supply chains. 956 53.11
Production and operations management, 14(1), 53-68.
*Li, S., Rao, S. S., Ragu-Nathan, T. S., & Ragu-Nathan, B. (2005). Development and 455 25.28

validation of a measurement instrument for studying supply chain management practices.
Journal of operations management, 23(6), 618-641.

*Golicic, S. L., & Smith, C. D. (2013). A meta-analysis of environmentally sustainable 388 38.80
supply chain management practices and firm performance. Journal of supply chain
management, 49(2), 78-95.

*Hines, P., & Rich, N. (1997). The seven value stream mapping tools. International journal 368 14.15
of operations & production management.

*Mollenkopf, D., Stolze, H., Tate, W. L., & Ueltschy, M. (2010). Green, lean, and global 333 25.62
supply chains. International Journal of Physical Distribution & Logistics Management.

*Chen, L. J., & Paulraj, A. (2004). Understanding supply chain management: critical research 302 15.89
and a theoretical framework. International Journal of production research, 42(1), 131-163.

*Blackhurst, J., Dunn, K. S., & Craighead, C. W. (2011). An empirically derived framework 299 24.92
of global supply resiliency. Journal of business logistics, 32(4), 374-391.

*Koh, S. L., Demirbag, M., Bayraktar, E., Tatoglu, E., & Zaim, S. (2007). The impact of 211 13.19

supply chain management practices on performance of SMEs. Industrial Management &
Data Systems.

*Gligor, D. M., & Holcomb, M. C. (2012). Understanding the role of logistics capabilities in 193 17.15
achieving supply chain agility: a systematic literature review. Supply Chain Management:
An International Journal, 17(4), 438-453.

*Perboli, G., Musso, S., & Rosano, M. (2018). Blockchain in logistics and supply chain: A 183 36.60
lean approach for designing real-world use cases. Ieee Access, 6, 62018-62028.

Ortak atif ag1 genel olarak incelendiginde kirmizi renkte goriinen ag daha yogun olup, kirmizi ag iizerindeki en etkili yayimin
ise Womack JP ve arkadaglar tarafindan 1990 yilinda yayinlanan "The Machine That Changed the World: The Story of Lean
Production" oldugu goriilmektedir. Bu ¢aligsma alandaki ilk ¢caligma olarak degerlendirilebilir.

Mavi ile gosterilen ag iizerindeki en etkili yayin ise " Leagility: Integrating the lean and agile manufacturing paradigms in the
total supply chain " baslikli Naylor J. P ve digerleri (1999) tarafindan yayinlanan makaledir. Bu makale daha 6nce de bahsedildigi
tizere cevik lojistik ve yalin lojistik farkli stratejiler olmasina ragmen, her iki stratejinin tedarik zincirine sagladigi avantajlar
g0z Oniinde bulundurularak birlesik bir strateji olarak kullanilmalarin1 6nermektedir. Ayrica bu mavi agda kiiresel olarak en ¢ok
referans alinan Christopher M. (2000) ve Christopher M. & Towill D. (2001) olmak iizere Christopher M. nin 6ne ¢ikt131 da
goriilmektedir.

Son olarak, yesil agda ise yayinlarin birbirine yakin etkinlige sahip oldugu ve dairelerin boyutlarinin gorsel olarak birbirine
yakin oldugu belirlenmistir. Diger yandan bu agda en ilgili makale Garza-reyes, J.A. (2016) ve kiiresel olarak en ¢ok atif alan
makale Kleindorfer ve Saad (2005) yer aldig1 goriilmektedir.

Sekil 4’te ise yaynlar iilke is birlikleri acisindan incelenmigtir. Buna goére, SCP iilke ici yazar is birligini ifade ederken, MCP
birden fazla iilke arasindaki yazar is birligini ifade etmektedir.
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Sekil 4. Makaleler Arasindaki Ortak Atif Ag1
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Sekil 5°te, yalin lojistik alanindan, analize dahil edilen en ilgili 20 iilke ele alinmistir. Elde edilen sonuglara gére Cin’in 60’tan
fazla ortak yayinlanmig makale ile en fazla yayina sahip iilke olarak ilk sirada yer aldi§1 ve Cin’de yazarlar arasindaki ig birliginin
cogunlukla SCP seklinde diger bir deyisle Cin’in arastirmacilarinca yapildig: goriilmiistiir. Benzer sekilde Birlesik Krallik, Cin’e
gore daha az sayida ¢alisma oldugu, yine de alanda 60’tan fazla calisma bulundugu tablodan anlagilmaktadir. Ancak Birlesik
Krallik i¢in Cin’den farkli olan durum, ¢ok iilkeli yayin sayisinin diger bir deyisle MCP’nin Cin’e gore daha yiiksek olmasidir. Bu
Cin’deki arastirmacilarin daha siklikla ortak calismalarda kendi iilke arastirmacilart ile ig birligine gittigini, Birlesik Krallik’taki
arastirmacilarin Cin’e gore daha uluslararasi is birligi ile, farkli iilke aragtirmacilari ile ayni caligmada rol almayi tercih ettiklerini
gostermektedir. Diger yandan iigiincii sirada yer alan ABD’de yayinlanan makale sayis1 60’tan az oldugu goriilmiistiir. Dordiincii
sirada yayin sayisi olarak 40’1n altinda calisma ile Almanya yer almaktadir. Ayrica, Almanya’da MCP’nin SCP’ye kiyasla oldukca
diisiik olmas1 dikkat cekmektedir. Sekil 5°te ilk 20°de yer alan diger 16 iilke degerlendirildiginde ise italya, Hindistan ve Polonya
disindaki iilkelerde yayinlanan caligma sayis1 20°den az oldugu goriilmektedir. Bu iilkeler icinde Polonya, Fas ve Tiirkiye i¢in
farkl1 bir durum s6z konusudur. Oyle ki bu ii¢ iilkenin MCP skorunun 0 oldugu tespit edilmistir. Diger bir ifade ile Polonya, Fas
ve Tiirkiye’de alanda yapilan caligmalarin sadece iilke i¢i ig birliginde gerceklestirilmistir.
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Sekil 5. Sorumlu Yazarin Ulkesi: Tek Ulkede Uretim (SGP) - Cok Ulkede Uretim (MCP)

Ulkelerin bilimsel iiretkenlik haritas1 ise Sekil 6’da gosterilmektedir. Bilimsel iiretkenlik skoru, iilkelerin alana yonelik yapilan
calisma sayisim ifade etmektedir. Sekil 6’da gosterilen haritada iilkelerin bilimsel iiretkenliklerinin biiyiiklii§ii, mavi rengin
koyulugu ile paralellik gostermekte olup, koyu mavi ile igsaretlenmis iilkelerin, iilke bagina bilimsel iiretiminin en yogun iilkeler
oldugu ifade edilmektedir. Daha acik mavi renk tonlarindaki iilkelerin bilimsel iiretkenlikleri nispeten daha diisiik iken, gri renkli
iilkelerde alanda bilimsel ¢aligmanin bulunmamaktadir. Buna gore yalin lojistik alanindaki iilke basina en yogun bilimsel iiretkenlik
sirastyla Birlesik Krallik (n:138), ABD (n:123) ve Cin (n:114)’tiir. Siralamay1 Hindistan (n:50), Almanya (n:46) ve Italya (n:46)
takip etmektedir.

Birlesik Krallik 138 Brezilya 40
ABD 123 Avusturya 35

Cin 114 Polonya 33
Hindistan 50 isveg 30
Almanya 46 Tiirkiye 24
italya 46 Fas 23

Sekil 6. Ulkelerin Alandaki Bilimsel Uretimi
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Ulkenin bilimsel iiretkenlikleri inceledikten sonra, alanda yayin yapan arastirmacilarin bagli olduklar1 kurumlar incelemek icin

en ilgili kurumlar Tablo 7°de gosterilmistir.

Tablo 7. Alanda En llgili Kurumlar

2022

yilindaki Toplam
Kurumlar Toplam Dokiiman Ulke

Dokiiman Sayisi

Sayisi

Cardiff Business School 10 154 Birlesik Krallik
Cranfield University 9 95 Birlesik Krallik
Cardiff University 9 94 Birlesik Krallik
Universidade de Vigo 5 71 Ispanya
Arizona State University 7 66 ABD
Istanbul Technical University 8 62 Tiirkiye
Tianjin University 5 58 Cin
Michigan State University 3 57 ABD
University of Minho 8 56 Portekiz
RMIT University 10 53 Avustralya
University of Derby 10 50 Birlesik Krallik
University of Hull 8 49 Birlesik Krallik
Norwegian University Of Science And 11 47 Norveg
Technology
Linkdping University 5 44 Tsveg
University of International Business and 3 42 Cin
Economics
Uni Bremen 3 41 Almanya
Kaunas University of Technology 3 40 Litvanya
Politecnico di Milano 4 38 Italya
Universidade Federal de Santa Catarina 13 37 Brezilya
University of Cambridge 3 34 Bilesik Krallik

Buna gore, yazarlarin bagh oldugu kurumlar arasinda en fazla yaymn 154 ile Birlesik Krallik’taki Cardiff Business School’a
aittir. Bu tablodaki istatistikler, en ilgili baglantilarda yer alan arastirmaci dokiimanlarinin sayisin1 gostermektedir. Bu nedenle
ortak yazarli ¢aligmalar birden fazla kez sayilmigtir.

Sekil 7, alanla ilgili en sik kullanilan kelimeleri gostermektedir. Bu kelimelerin O ile 200’ilin iizerinde bir aralikta kullanim
sikligina sahip oldugu goriilmektedir. Diyagramda mavi renkle isaretlenen ilk 20 kelime, her bir kelimenin kullanim sayisinin ve
yalin lojistik temasiyla ilgisinin karsilastirmasini gostermektedir. En yiiksek kullanim sayisina sahip ve arastirma temasiyla en
alakali kelime, toplam 228 siklikla kullanimi olan "lean" kelimesidir ve en alakali olanlar koyu mavi daire i¢inde gosterilmisgtir.
Ikinci sirada 175 kez gegme sayist ile "supply" kelimesi yer almaktadir. Bu siralamay1 138 kez gegme sayist ile "chain" ve 116 kez
gecme sayist ile "logistics" kelimeleri takip etmektedir.

Tite's Words

(=)

Occurrences

Sekil 7. En Sik Kullanilan Anahtar Kelimeler
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Sekil 8, Sekil 9’da ise sirasiyla yalin lojistik temali ¢alismalarin yazarlari olan iilkeler arasindaki is birligi ag1 gosterilmistir,
Sekil 8, Sekil 9°da gosterilen ig birligi semalar1 calismanin genel akisinda elde edilen sonuglarla tutarlidir, dyle ki iilkeler arasinda
Birlesik Krallik ve ABD, yazarlar arasinda ise Garza- Reyes JA ve Kumar V. 6ne ¢ikmaktadir. Yine arasindalik ve yakinlik
derecelerinde iilkeler arasi ig birliginde ABD ve Birlesik Krallik’in 6n plana ¢ikan iilkeler olmasinin yani sira ABD- Birlesik
Krallik -Meksika-Hollanda-Irlanda’nin da ayni yakinlik derecesine sahip oldugu gériilmiistiir. Ote yandan Sekil 5’e gore sirasiyla
Avrupa iilkelerinin (yakinlik:0.010-0.0138) ve Asya iilkelerinin (yakinlik:0.009-0.0131) kendi aralarinda yogun bir sekilde is
birligi yaptiklari sdylenebilir.

, @Pusa @ —~ ‘
umrted KingdonT™

Sekil 8. Yalin Lojistik Temal: Makalelerin Ulkeler Arasindaki Is birligi Ag1

Sekil 9°de yazarlar arasinda 11 ig birligi kiimesi oldugu goriilmektedir. Yazarlarm yalin lojistik alaninda odaklandiklar1 konular
arasindaki iligki g6z Oniine alindiginda, kiimeler arasinda ¢ok fazla bag olmadigi yani konular arasindaki ig birliginin zayif oldugu
ongoriilebilirken, kiimelerin odaklandig1 konularda is birliginin yogun oldugu sdylenebilir. Bu da mevcut arastirmalar arasindaki
is birliginin siirdiiriilebilir oldugu seklinde yorumlanabilir.
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Sekil 9. Yalin Lojistik Temali Makalelerin Yazarlar1 Arasindaki Is birligi Ag1
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Arastirma verileri yardimiyla, "yalin lojistik" konusuyla ilgili yayinlara iligkin anahtar kelimelerden olusan tematik bir harita
Sekil 10°da verilmistir. Callon ve digerleri (1991) tarafindan ortaya atilan merkezilik ve yogunluk kavramlari, secilen her bir
donemde belirlenen her bir kiime icin ag 6l¢iimleri yapilmasina olanak tanimaktadir. Merkezilik, bir agin diger aglarla etkilesim
derecesini Olger ve bu, agin dig uyumu olarak ifade edilir. Yogunluk ise agin i¢ giiciinii dlger ve bu da agin i¢ uyumu olarak
adlandirilir.
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Sekil 10. Tematik Harita

Merkezilik ve yogunluk derecelerine gore olusturulan tematik haritanin sag iist kisminda yer alan kiimeler, incelenen donemin
en temel (motor) ¢alisma alanlarina ait kiimeleri gostermektedir. Tematik haritanin sag alt kisminda yer alan kiimeler ise temel
ve doniistiiriicii parcalardan (temel temalar) olugmakta, bir bagka deyisle ilgilenilen donemde gelisimini siirdiirmektedir. Tematik
haritanin sol alt kismi1 yeni ortaya c¢ikan veya gerileyen kiimeleri (yiikselen veya gerileyen temalar), sol iist kismi ise {lizerinde
oldukca fazla galigma bulunan ancak bu ¢alismalarin diger ¢alismalardan izole oldugu kiimeleri (nis temalar) gostermektedir
(Cobo vd., 2012). Buna gore Sekil 9’da goriildiigii iizere tematik haritada 11 kiime bulunmakta olup bu kiimelerin 2’si temel tema
alanlarinda, 1’i ise temel tema ile motor temasi arasinda yer almaktadir. En biiyiik kiime performans (n:90), yonetim (n:81) ve
lojistik (n:72) kiimesi olup temel temalar ile motor temalar arasindadir. Bu kiime yiiksek merkezilige ve orta yogunluga sahiptir. Bu
baglamda, bu kelimelerin alanda gelecekte yapilacak arastirmalar icin nemi goz oniinde bulundurularak daha da gelistirilebilecek
anahtar kavramlar oldugu soylenebilir. Ikinci biiyiik kiime tasarim (n:45), tedarik zinciri (n:33) ve sistem (n:28) kelimelerini iceren
kiimedir ve temel tema alaninda yer almaktadir. Bu kelimeler yiiksek derecede merkezilige, yani digsal bagdagikliga sahip olmakla
birlikte, yogunluklan diisiik oldugu i¢in kavramsal alanla i¢sel bagdagiklig diisiik olan kavramlardir. Bunu izleyen iiciincii biiyiik
kiime ise tersine lojistik (n:19), firma performansi (n:12), rekabet avantaji (n:11) ve tam zamaninda (n:9) kavramlarinin yer aldigi
kiimedir. Bu iiciincii biiyiik kiime temel ve motor tema alanlart arasinda yer almaktadir. Bu kiimedeki kelimeler birinci ve ikinci
kiimedekilerden daha yiiksek yogunluga ve diger kiimelere kiyasla daha yiiksek merkezilik derecesine sahiptir. Motor temalarinda
iki orta-kiiciik kiime oldugu goriilmektedir. Orta biiyiikliikteki kiimede arastirma ve gelistirme (n:3), is birligi (n:2), yayilma
(n:2) kelimeleri; kii¢iik kiimede ise sanayi (n:2), yonelim (n:2) ve bagari (n:2) kelimeleri yer almaktadir. Bunlara ek olarak, temel
temalardaki diger kiimede politika (n:4), biiyiikliik (n:4) ve kalite gelistirme (n:3) yer almaktadir. Motor temalarda da yer alan
diger kiimede ise politika (n:4), biiyiikliik (n:4) ve kalite gelistirme (n:3) kelimeleri bulunmaktadir.

Tematik haritanin sol iist kisminda yer alan izole ve Gelismis Temalar béliimiinde yogunlugu yiiksek ancak merkezilik derecesi
diisiik kavramlar yer almaktadir. Nig temalar olarak adlandirilan boliimde ise ii¢ kiime bulunmaktadir. Bu kiimelerin her birinin
biiyiikliigli ayn1 olmakla birlikte, merkeziligi daha yiiksek olan, geri kazanim (n:3), is modelleri (n:2) ve lojistik ag1 (n:2) ve tedarik
zinciri entegrasyonunu (n:2) iceren kelime kiimesidir. Bir digeri ise kanban (n:3), stoklama (n:3), depolama (n:3) ve algoritma (n:2)
kelimelerinin olusturdugu kiimedir. Bu kiimenin yogunlugu ve merkeziligi ilk kiimeye gore daha diisiiktiir. Ugiincii kiime digerlerine
kiyasla en yiiksek yogunluga sahiptir ve atama (n:3), otomatik depolama (n:3), siparis toplama (n:3) kelimelerini icermektedir.
Bunlar hizli gelisme gosteren alanlar olmakla birlikte, spesifik ve yeterince ele alinmamis konular olduklari soylenebilir. Ayni
zamanda bu temadaki kiimelerin yalin lojistikle daha dogrudan iligkili oldugu soylenebilir.

Son olarak, tematik alanin sol alt kisminda yer alan Geligsen veya Kaybolan Temalar alaninda, daha 6nce ¢alisilmig ancak diisiis
egilimi gosteren, diisiik merkezilige ve diisiilk yogunluga sahip anahtar kelimeler yer almaktadir. Bu temada kismen ii¢ kiime
oldugu sdylenebilir.
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Bu caligmada, "yalin lojistik" ile ilgili arastirma makalelerinde siklikla kullanilan her bir kelimenin kavramsal yap1 haritasina
da yer verilmistir. Sekil 11°de gosterilen kavramsal yapi haritasinda, ilgili kelimeler arasinda bir eglesme iiretmek icin kirmizi ve
mavi olmak iizere iki ayr1 alan gosterilmistir. Kirmizi alanda daha fazla kavram oldugu ve alt1 sigma, atik, tam zamaninda gibi
alanla dogrudan ilgili kelimelerin daha fazla oldugu goriilmektedir.
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Sekil 11. Kavramsal Yap: Haritas1

Mavi alanda ise firma performansi, is birligi, kabiliyetler, esneklik, firma stratejisi ve rekabet avantaji gibi dogrudan SCM
faaliyetlerinin performansiyla ilgili kavramlar yer almaktadir.

Sekil 12’de alanda en

sik kullanilan konulari ve bunlarin diger konularla iligkisini gosteren bir dendrogram agag¢ diyagrami

verilmistir. Sekil 10’a benzer sekilde, Sekil 11°de kirmizi ve mavi olmak iizere iki boliimden olugmaktadir ve kirmizi alanda yalin
lojistige uygun daha fazla kelime bulunmaktadir.
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Sekil 12. Alanda En Cok Uzerinde Durulan Konu Dendogrami
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Son olarak, Lotka yasasina gore yalin lojistik alaninin bilimsel verimlilik dagilimi incelenmis ve Sekil 13°de gosterilmistir. Lotka
yasasl, bir alana tek yayinla katkida bulunan aragtirmacilarin tiim yayinlara oraninin %60; 2 yayinla katkida bulunan aragtirmacilarin
tek yayinla katkida bulunanlara oraninin 1/4°{i; 3 yayinla katkida bulunanlarin oraninin ise 1/9’u olmasi gerektigini ifade etmektedir
(Lotka,1926).

% of Authors

Documents written

Documents written Numbers of Authors Proportion of Authors
1 1262 0.887
2 137 0.096
3 17 0.012
4 2 0.001
5 2 0.001
7 1 0.001
10 2 0.001

Sekil 13. Lotka Yasast

Sekil 13’de alanda yayin yapan aragtirmacilarin %88,7’sinin sadece bir yayin yaptig, iki yayin yapan yazarlarin oraninin %9,6
oldugu, geriye kalan %1,5’lik kesimin ise alanla ilgili 3’ten fazla caligma yaptig1 goriilmektedir. Bu baglamda yalin lojistik
ana temasi iizerine yapilan calismalar Lotka yasasina gore degerlendirildiginde ilgili literatiiriin yetersiz oldugu ve gelistirilmesi
gerektigi sonucuna varilmaktadir.

Sonu¢ ve Tartisma

Kiiresellesme siddeti giin gectik¢e artan diinyamizda uluslararas: ticaretin en biiyiik destekgisi olan lojistik sektoriiniin perfor-
mansinin artmasi igin siireglerdeki kaynak israfinin 6nlenmesi stratejik 6oneme sahiptir. Yalin lojistik, kaynak israfinm1 6nlerken
hem zaman hem de maliyet avantaji ile tedarik zinciri veya yalin iiretim siire¢lerinin de performansina dogrudan veya dolayl etki
incelendiginde genellikle yalin iiretim ve yalin tedarik zinciri kavramlari altinda yalin lojistik konusunda ilgili ¢alismalarin oldugu
ve giincelligini devam ettirdigi goriilmektedir.

Calismanin zaman aralif1 olan 1994-2022 yillar1 arasinda, uluslararas: alan endeksli dergilerin yer aldigi WoS veri tabaninda
baglik, anahtar kelime vb. herhangi bir stmflandirma olmadan “yalin lojistik (lean logistics)” aramasiyla ulagilan 559 caligma
incelendiginde, alanda yayinlanan ¢alisma sayisinin 6zellikle 2005 ve sonrasinda art1g1; ortalama olarak en fazla 2015-2020 yillart
arasinda yayin yapildig1 belirlenmistir. Bu durum, 1940’larda ortaya ¢ikan yalin diisiince felsefesinin, 2000’li yillar sonrasinda
boyut degistiren ve ekonomik katma degeri olan bir sektor haline gelen lojistigin iilke ekonomileri ve kiiresel ticaretteki onem
kazanmasiyla iligkilendirilebilirken, diger yandan yalin lojistigin teknolojiyle (Blockchain, Internet of Things, otomasyon sistemleri
vb.) olan iligkisinin de etkili oldugu diisliniilmektedir. Diger yandan yalin lojistik konusunda literatiiriine ait biiyiik resmine
bakildiginda kiiresellesmenin olumsuz etkilerinden korunmak amaciyla 6nem kazanan yesil lojistik ve siirdiiriilebilirlikle iligkili
olarak ele alindig1 goriilebilmektedir.

Bu ¢alismanda “yalin lojistik” alaninda yillara gore calisma sayisinin nasil gelisti§inin yani sira alanda mevcut literatiiriin
genel egilimleri, en ilgili yazar, en ilgili dergi, kurum, iilke ve iilke-yazar ig birliklerinin, tercih edilen anahtar kelimeler, alanda
cok calisilan temalar, giincel ve gelistirilmesi gereken temalar belirlenerek, alanda caligmak isteyen yeni arastirmacilara ve
uygulamacilara bibliyometrik bilgiler ve 6zet istatistikler sunulmustur. S6z konusu bibliyometrik analizler ve ozet istatistikler i¢in
R studio Biblioshiny Bibliometrix programi kullanilmus, ilgili gorseller eklenmistir.

Caligmanin bulgulari, literatiirde yer alan alandaki bibliyometrik analizlerin sonuclariyla 6zellikle alandaki aragtirmacilar ve ilgili
kaynaklar baglaminda benzerlikler gosterirken, “yalin lojistik” temasina gore siralama olarak daha once yapilan “yalin iretim”
veya “yalmn tedarik zinciri” temalarindan farkhiliklar gostermektedir. Ornegin, analiz sonucunda alandaki en iiretken kaynagin
Production Planning & Control oldugu belirlenirken, literatiirde yer alan diger bibliyometrik analizler de 6ne ¢ikan International
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Journal of Production Research (De Sousa vd.,2018; Ciano vd.,2019; Garcia-Buendia vd.,2021; Ozdagoglu vd.,2022; Kumar
vd.,2023) dergisinin de “yalin lojistik” alaninda en iiretken yedinci kaynak; ancak atif sayisina gore en ilgili kaynak olarak tespit
edilmistir. Bu baglamda yalin lojistik alanindaki aragtirmalar i¢in bagvurulacak en etkili kaynaklardan biri olarak International
Journal of Production Research dergisinin ayrica incelenmesi yararli olaraktir. Bu kaynagin yani sira International Journal of
Production Economics, Sustainability, International Journal of Lean Six Sigma ve International Journal of Logistics Research and
Applications dergileri de onemli kaynaklardir. Calismanin bir diger bulgularindan alandaki en ilgili yazarlarin sirastyla Garza-
Reyes J.A., Kumar V. ve Tortorella G. oldugu belirlenmistir. En ilgili yazarlarin yaymlarinin 6ncelikli olarak incelenmesi ayrica
onerilmektedir. Diger yandan yalin iiretimin en dnemli tamamlayici pargalarindan bir olan yalin lojistik konusunu, yalin iiretim
kapsaminda ele alacak arastirmacilar icin yalin iiretim konusunda en ilgili yazar olan Tortorella G.’nin (Ozdagoglu vd.,2022;
Kumar vd.2023) ayrica takip edilmesi 6nemli olacaktir

Yalin lojistik alaninda yayinlanan ¢aligmalar yazarlarinin iilkeleri agisindan degerlendirildiginde en fazla yayinin agik ara Birlesik
Krallik, ABD ve Cin’den oldugu goriilmiistiir. Literatiirdeki diger bibliyometrik analizlerde yalin iiretim ve yalin TZY alaninda
iilke tiretkenligi konusunda siklikla adindan s6z ettiren Hindistan (De Sousa vd.,2018; Garcia- Buendia vd.,2021; Kumar vd.,2023)
ise yalin lojistik konulu aragtirmalar i¢in 4. Sirada yer almaktadir. Alandaki ¢caligmalarda tilke is birliginde benzer sekilde Birlesik
Krallik, ABD ve Cin siralamast 6n plana ¢ikmaktadir. Bu kapsamda s6z konusu iilkelerdeki arastirmacilarin alanla en ilgili
aragtirmacilar oldugunu séylemek miimkiindiir. Diger yandan Polonya, Fas ve Tiirkiye nin alandaki {ilke is birliklerinin sifir olmasi
dikkat cekicidir. S6z konusu iilkeler alanda yayin yapan ilk 20 iilke arasindadir ancak bu iilkeler i¢in tek iilkeli, diger bir ifade ile
ulusal ig birlikleri s6z konusudur. Her ii¢ iilkedeki arastirmacilar i¢in uluslararasi is birligine gidilmesi onerilirken, uluslararasi ig
birligi ile alandaki iilke iiretimin artmasinin ve elde edilebilecek yeni bilimsel bilginin uygulanabilirliginin de bu yolla miimkiin
olacaktir.

Bibliyometrik analizlerdeki bulgulardan birisi alanda kullanilan anahtar kelimelerdir: Bu ¢calismanin bulgularina gore yazarlarin
en sik tercih ettigi anahtar kelimeler: yalin, yalin iiretim, deger akis haritalama, tedarik zinciri yonetimi, saglik, yalin diisiince, yalin
imalat, ¢eviklik, siirdiiriilebilirlik, yalin alti sigma olarak belirlenirken, yazarlarin arastirma bagliklarinda siklikla yalin, tedarik
zinciri, lojistik, yonetim ve ¢alisma kelimelerini kullandig1 belirlenmistir. Bu anahtar kelimelerin alandaki ilgili yayinlara ulagma
konusunda kullanilmasi zaman avantaji saglayabilecektir.

Alandaki ¢aligmalart aragtirilan temalar agisindan da detayli olarak incelenmistir: arastirma sonucunda maliyet ve zaman
avantajlar1 nedeniyle dnem kazanan yalin lojistik alanindaki belgelerin daha ¢ok yesil kavramlar ve siirdiiriilebilirlik kavrami ile
ilgili oldugu belirlenmistir. Alandaki ¢alismalarda politika, kalite yonetimi, yiikleme zamani, siparis, just in time, tedarik zinciri
yonetimi, performans, etki, model gibi temel temalarin s6z konusunu arastirma doneminde gelismisini siirdiirdiigii; AR-GE, is
birligi, difiizyon, yesil inovasyon, tersine lojistik, firma performansi, rekabet avantajinin ise alandaki motor diger ifade ile en temel
temalar oldugu goriilmiistiir. Alanda yeni arastirmacilara rehber olacak ve literatiire katma deger yaratabilecek, iizerine ¢alisilmig
ancak alandaki diger caligmalardan izole durumda olan temalar ise kanban, depolama, iiretim hatti, lojistik ag, otomatik stoklama,
siparig toplama, tedarik zinciri entegrasyonu olarak belirlenmistir. Aragtirmacilarin yalin lojistik alanindaki ¢aligmalarini izole
temalar ile bagdastirmasi alandaki ¢calisma agindaki etkilesimi de destekleyebilecektir.

Diger yandan ¢aligmada ilgili zaman araligindaki yayinlarda baglaminda arastirmacilarin bilimsel iiretkenligi incelenmistir. Elde
edilen bulgulara gore arastirmacilarin neredeyse tamaminin yalin lojistik literatiiriine sadece bir yayin ile katki sagladig: tespit
edilmigtir. Lotka yasasi ile yorumlanan bu sonug, yalin lojistik literatiiriiniin yetersiz oldugunu ve gelistirilmesi gerektigini ortaya
cikarmaktadir. Bu baglamda arastirmacilarin ulusal veya uluslararasi ig birligine gitmesi ayrica 6nemlidir.

Son olarak bu ¢alisma, WoS veri tabaninda anahtar kelime, baglik ve dzetinde "yalin lojistik" kavrami gegen caligmalardan,
atif konusu olarak yonetim, tedarik zinciri & lojistik, ekonomi, yoneylem arastirmas1 & yonetim bilimi, ulagtirma belirlenerek
filtrelenmistir. Bu ¢aligmanin sosyal bilimler ve endiistri miihendisligi alanina indirgenmesi ¢alismanin bir sinirlilifidir. Bu
baglamda, gelecekteki aragtirmacilara, herhangi bir alan ayrimi olmaksizin "yalin lojistik" ile ilgili tiim ¢alismalarin bibliyometrik
olarak incelenmesini 6nermek yerine, daha spesifik olmak adina sadece yonetim veya sadece tedarik zinciri ve lojistik alanlarina
odaklanmalar1 tavsiye edilebilir.
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ABSTRACT

Productive and uninterrupted operation of ports and their provision of value-added services to customers have become necessities
brought about by competition. A performance measurement tool is needed in ports to ensure that the service ports provide is
uninterrupted and productive. Four basic logistics processes occur in container terminals: ship operations, transportation, storage,
and handling of containers in the port area. Thus, this study aims to develop a logistics-oriented decision support model that will
function as a decision support tool for port management to help in understanding, analyzing, and evaluating a port’s logistics
structure and port performance indicators for planning port capacity, increasing port productivity, improving intra-port logistics
processes, and predicting a port’s future needs. This study offers an extensive analysis of the literature on simulating the processes
in container terminals using the bibliometric analysis method. The study preforms an in-depth analysis of 51 studies in the Scopus
database. The study also performs co-citation and author-keyword analyses on the obtained data with the help of the software
program VOSviewer. The study concludes by presenting authors some recommendations based on the analyzed studies.

Keywords: simulation, VOSviewer, container logistics

1. Introduction

The rise in globalization has increased international trade, resulting in a massive surge in logistics activities. Maritime trans-
portation is the preferred mode of transportation due to being simultaneously inexpensive and able to handle large quantities of
cargo. The increase in the load on maritime transportation has triggered port operators to seek optimization solutions for container
transportation. When considering this, the speed of port processes is seen to be critical for logistics processes to be maintained
without interruption. Port management is a complex system where strategic decisions must be made quickly. Management should
examine each stage and find the optimal solution in order to keep its profits high, such as improving port services and ensuring
sustainability, which assist ports in gaining an advantage over their competitors (Mollaoglu et al., 2023a). The literature on port
logistics shows many methods to have been developed to solve the problems experienced in the field of port logistics and container
transportation. Articles frequently make use of simulation programs for analyzing these methods. Yun and Choi (1999) mentioned
the problems of increasing container trade in Korea. Establishing these new container terminals has made examining flow control
and planning to ensure the optimal use of cranes important, and the application of simulation systems will facilitate these efforts
(p- 222). When considering the purposes of simulation systems, evaluating alternative ship loading and unloading operations in
terms of time and cost, evaluating various storage policies, and evaluating various resource allocation procedures stand out in
regard to the management processes of container ports (Bielli et al., 2006, p. 1732). Derse and Gogmen (2018) developed a model
for determining the efficient and effective movement of containers in a terminal. The proposed model was analyzed with the help
of the Arena computer program. Benantar et al. (2020) presented a set of road and rail transport routes, aiming for the shortest
route and lowest service cost. The problem was analyzed with the help of the simulation software AnyLogic. Wang et al. (2023)
developed a model to estimate arrival time of export containers and to identify the factors affecting it. Their results showed the
accuracy of the proposed model to be 72% (not high/limited). Literature review studies on container terminal simulation studies
have been previously carried out. Angeloudis and Bell (2011) conducted a literature review on container terminal simulations
and found the literature have classified models. Dragovi¢ et al. (2017) examined studies involving the application of simulation
models in container ports between 1961-2015. The analyses in both studies were carried out without the assistance of any software
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program. Meanwhile, the current study will utilize the program VOSviewer for its analysis. Other studies have not utilized any
particular database, while this study has preferred using the Scopus database. The current study is more recent than other studies
in terms of the examined period.

VOSviewer as a bibliometric analysis method provides visualization and easy examination of bibliometric analyses with the VOS
mapping technique. Bibliometric analyses follow trends in studies conducted in a particular field and provide a collective analysis of
studies. This study analyzes academic studies that have developed simulation methods to produce solutions for container logistics
using the VOSviewer mapping technique. VOSviewer is more user-friendly visualization program and offers higher graphical
quality than CiteSpace and Bibliometrix (Arruda et al., 2022; Markscheffel & Schroter, 2021). Very robust studies benefitting
from the VOSviewer mapping technique are found in the field (see Mollaoglu et al., 2023b; Mollaoglu et al., 2024). The next part
of the current study explains and details the methodology before analyzing the methodology results and presenting the conclusions.

2. Methodology

Scopus contains a broader range of content than the Web of Science (WoS) database (Pranckuté, 2021), and the Scopus database
has been preferred over the WoS database in bibliometric analyses (Zupic & Cater, 2015). For the current analysis, the article has
obtained 515 studies by first searching the Scopus database using the keywords “logistics”, “simulation”, and “container”. The
keyword “supply chain” has also been included to further narrow the scope of the search. The results of the search were then
limited to English as a language, and in this way, the current research has obtained 299 studies that could be examined in depth.
Regarding these 299 studies, Figure 1 shows the annual number of studies by journal. Figure 2 shows the annual number of studies

on container logistics simulations from past to present, while Figure 3 presents the list of most published authors in this field.

Documents
N w

-~ Proceedings Winter Simulation Conference  =¢= Maritime Economics And Logistics
<@ International Journal Of Production Economics == IFAC Papersonline <%= Or Spectrum
International Journal Of Production Research == Simulation Asian Journal Of Shipping And Logistics

Computers And Industrial Engineering
Figure 1. Annual number of studies on container logistics simulations by journal.

Figure 1 indicates the annual number of studies on container logistics simulation by journal. Accordingly, most studies on the
subject were published in the Proceedings of the Winter Simulation Conference (WSC) between 2011-2015. Studies published in
IFAC-PapersOnlLine gradually increased as of 2016 and reached the same number as Proceedings of the WSC in 2019.

As shown in Figure 2, the most studies on container logistics simulations were carried out in 2007, 2009, and 2015. In recent
years, the number of studies on the subject has decreased, with the number of studies conducted in 2021 being quite low compared
to recent years. This provides an opportunity for researchers to conduct research using simulation models that have started being
used in recent years in the field of container logistics.

Figure 3 shows the authors who’ve published the most studies on the subject. Because these authors also publish studies that
may be fundamental to the subject, Figure 3 can facilitate future researchers’ ability to find reference works.

In the next step, the study analyzes the Scopus data for these 299 studies using VOSviewer. Among the 6,406 references cited in
the co-citation analysis, the minimum number of citations was limited to five in order to facilitate the naming and interpretation of
the clusters, with 51 studies being obtained as a result. When examining the 299 studies through an author-keyword analysis for
guiding researchers and their future studies, the analysis obtained 738 keywords. When limiting the minimum number of keyword
repetitions to three keywords to facilitate the the keyword interpretation, 52 keywords were found. The study determined the 10
most and 10 least used keywords from among these 52.
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Figure 3. Most published authors of studies on container logistics simulations.

Lastly, the study has interpreted the results of the two analyses. In order to interpret and name each cluster that emerged from the
analysis, the study accessed all the articles that had been retrieved from the Scopus database; however, no books were accessible.
The study analyzes Clusters A, B, C, and D to interpret and name the cornerstones of container logistics simulation research using
a co-citation analysis (See Section 3.1). Clustering was not applied in the author-keyword analysis. Among the 52 keywords that
emerged from the analysis, article mentions the 10 most and 10 least popular keywords (See Section 3.2).

Co-citation analysis aims to measure the relationship between citing and cited studies. Both types of documents should be
cited as a pair over many reference works to obtain a robust measure of co-citation. Once the studies to be used as references are
published, the co-citation frequency of the two documents changes over time (Baker, 1990, p. 7). Two journals that cite the same
work is called bibliographic coupling. The number of identical and different studies cited by two journals reflects the strength of
bibliographic coupling (Small & Koenig, 1977, p. 278). The current research has considered the studies of Van Eck and Waltman
(2010) and Boyack and Klavans (2010) for the co-citation analysis and bibliographic coupling analysis. This study also performs
an author-keyword analysis so that future researchers can explore and head toward less studied areas in the literature. Al-Emran et
al. (2020) showed the gaps in the field. In addition, no literature review has been found on container logistics simulation research.

The study uses VOSviewer to create and visualize bibliometric networks. Authors can use this program to reveal the co-citation,
bibliographic coupling, author-keyword, or co-authorship relations of published studies.
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3. Findings
3.1. The Cornerstones of Container Logistics Simulation Research

Figure 4 shows the bibliographic network and cornerstones of container logistics simulation research based on the co-citation
analysis. This articles’ examination of all studies has obtained a total of 6,406 cited references. To facilitate the naming and
interpretation of clusters, the study has limited the minimum number of citations to five and obtained 51 studies as a result. This
was done to facilitate focusing on the important studies during the research. The larger clusters in Figure 4 indicate studies being
cited more than those in smaller clusters. Studies relatively close to each other are more likely to be co-cited than studies far apart.
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Figure 4. Bibliographic network based on co-citation analysis on container logistics simulation.

For the four clusters seen in Figure 4, red represents Cluster A, green represents Cluster B, blue represents Cluster C, and yellow
represents Cluster D. The clusters are named as follows: Cluster A is crane scheduling, Cluster B is container operations processes,
Cluster C is vehicle problems, and Cluster is port operations. Figure 4 shows that Cluster B is in the middle of the visual map in
relation to the other clusters. Clusters A and D are also related to all the other clusters, while Cluster C is only related to Clusters
B and D more than Cluster A.

3.2. Cluster Analyses
3.2.1. Cluster A: Crane Scheduling

Cluster A contains 17 articles, of which only 15 were subjected to a detailed analysis because one study appeared twice in
the cluster, and the content of another study could not be accessed. Based on the articles in Cluster A, four main research areas
were determined: overview, container loading and unloading, ship berthing and storage processes, and terminal productivity. The
authors of these articles are seen to have focused more on container loading and unloading and ship berthing and storage.

With regard to the first research area (i.e., overview), Bierwirth and Meisel (2015) aimed to examine recent studies on berth
allocation, quay crane assignment, and quay crane scheduling problems encountered in port container terminals. Stahlbock and
Voss (2008) addressed studies examining the methods applied in sea container terminal operations. Steenken et al. (2004) defined
and classified container terminals’ main logistics processes and operations. Vis and De Koster (2003) examined the literature on
various decision problems experienced in container terminals and made a classification.

With regard to the second research area (i.e., container loading and unloading), Bierwirth and Meisel (2009) proposed a heuristic
solution to the scheduling problem of quay cranes used to load and unload containers in port terminals. When comparing the
proposed heuristic method with the other algorithms in the literature, the proposed heuristic method produced much more effective
solutions in a much shorter working time. Legato et al. (2010) proposed a simulation model on a container ship’s unloading and
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loading process with multiple quay cranes and shuttle vehicles moving back and forth from the quay to the yard and back. The
simulation model was concluded to encourage research efforts toward optimizing logistics activities from the terminal yard. Zeng
and Yang (2009) developed a method for scheduling container loading and unloading operations. They used ARENA 7.0 and
Microsoft Visual Basic 6.0 to create the simulation model. Based on their numerical tests, they demonstrated the proposed method
to be able to provide an efficient solution to the problem.

Froyland et al. (2008) presented an algorithm to solve the problem of operating a site serviced by more than one semi-automatic
rail-mounted gantry crane (RMG). The algorithm provided an efficiency increase of more than 8% for site operations using an
RMG. Kemme (2012) offered a simulation model for the problem of the effects of crane systems and yard block layouts on the
strategic decisions of RMG storage areas in seaport container terminals. Kemme created the simulation model using Tecnomatix
Plant Simulation v8.2, and the proposed simulation model showed better performance than other models. Ng (2005) proposed a
solution to the problem of scheduling more than one yard crane to minimize total wait times. The proposed solution decreased the
total wait time by 7.3% and increased performance.

For the third research area (i.e., ship berthing and storage processes), Legato and Mazza (2001) presented a queuing network
simulation model for ships’ arrival, berthing, and departure processes in a container terminal. They used the Visual SLAM software
language for the simulation model. The proposed model was shown to be an effective method for decision-making in the container
terminal, and the tests proved to be satisfactory. Murty et al. (2005) examined daily operation decisions for optimizing ships’
berthing times, the resources required for handling the workload, the waiting times for customer trucks, and congestion on the
roads and at the storage blocks and docks inside the terminal, as well as how to use the storage space most efficiently. Bazazi et al.
(2009) aimed to present an efficient genetic algorithm (GA) as a solution to the storage space allocation problem (SSAP), which
is described as the temporary allocation of incoming and outgoing containers to storage blocks to optimize container storage
times. Their results showed a relative gap of approximately 5% between the GA and the optimum solution in the context of the
objective function. Petering and Murthy’s (2009) simulation study aimed to show how a terminal’s long-term average quay crane
rate depends on the length of the storage blocks in the terminal’s container yard and the system for using shipyard cranes among
the blocks in the zone. They created their simulation model using Microsoft Visual C++ 6.0. The results indicated the highest quay
crane work rate to have been achieved by a block length of 56-72 20-ft slots, as well as a higher quay crane work rate to be achieved
by a yard crane deployment system restricting crane movement compared to a system allowing greater yard crane mobility.

With regard to the fourth research area (i.e., terminal productivity), Chen et al. (2007) developed a model to improve coordination
among container handling equipment in marine terminals in order to increase terminal productivity. The model was shown to
perform better in terms of solution quality and efficiency when the problem size was increased.

3.2.2. Cluster B: Container Operations Processes

Cluster B contains 15 articles. Based on the articles included in Cluster B, four main research areas have been determined:
overview, container operations, cost reduction, and port operations. The authors in this cluster are seen to have focused more on
container and port operations.

For the first research area (i.e., overview), Gambardella et al. (1998) aimed to show how they could use operations research
techniques to create resource allocation plans that can support terminal managers regarding management strategy. They examined
the Contship La Spezia container terminal in Italy as a case. Vis and De Koster (2003) examined the literature on various decision
problems experienced in container terminals and made a classification.

For the second research area (i.e., container operations), Bish (2003) dealt with the multi-crane constrained vehicle scheduling
and location (MVSL) problem. Bish proposed a method for determining a storage location for each unloaded container, for
conducting the loading and unloading operations to minimize the time, and for dispatching containers and vehicles. The proposed
method yielded quite effective results for 500 or more containers. Cheung and Chen (1998) proposed a stochastic model that aims
to help ship operators allocate their empty containers effectively, thereby reducing leasing costs and inventory levels in ports. The
proposed stochastic model yielded better results than other deterministic models.

Crainic et al. (1993) aimed to propose a model to dispatch empty containers of appropriate types based on customer demands
and to reposition other containers to storage depots or ports in line with future demands. Their results showed the proposed
model to be effective. Kim and Park (2003) proposed a method aimed at attaining maximum productivity in loading operations
by pre-allocating storage areas for incoming containers. Their proposed method was seen to use less space than other methods.
Kim and Kim (1999) presented an algorithm that aims to minimize the container handling time of a straddle carrier (SC) by
optimally determining the order in which the SC will receive its containers and the number of containers it will receive in each
go. Their results showed the algorithm to yield productive results. Kim and Kim (2003) also proposed another algorithm aimed
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at minimizing total container handling time by determining the route of a single quay crane and yard-side equipment (straddle
carriers or transfer cranes). Their proposed algorithm also yielded good results.

For the third research area (i.e., cost reduction), Kim et al. (2003) aimed to test various sequencing methods to ensure that
vehicles are optimally sequenced to reduce driver complaints during transfer operations in container yards and to reduce service
delay costs. The tested methods outperformed other methods with regard to each purpose. Peterkofsky and Daganzo (1990) aimed
to present a method minimizing the delay costs encountered in ports’ loading and unloading operations. Their proposed method
yielded satisfactory results for up to six ships. With regard to the fourth research area (i.e., port operations), Bruzzone and Signorile
(1998) presented a new approach to simulate a congested port terminal, incorporating both ship planning and shipyard layout into
the traditional operational model. They created the simulation model using the SIMPACK application developed in C language and
ARENA software. Their results gave the best results for a combination of ship planning and layout. Linn et al. (2003) proposed a
model for the optimal distribution of yard crane deployment. The model was tested through operational data from a large container
yard in Hong Kong, and the analysis demonstrated the model’s capacity and potential to minimize crane workload. Ng and Mak
(2005) proposed an algorithm for the yard crane scheduling problem to minimize job wait times. Their results showed the algorithm
to be able to find the optimal sequence for most problems with realistic dimensions. Park and Kim (2005) presented a method for
scheduling berth and quay cranes in port container terminals. The proposed method was the most optimal solution for the quay
scheduling problem. Vis et al. (2001) proposed a flow algorithm to determine the number of automated guided vehicles (AGVs)
required for semi-automatic container terminals. Their proposed algorithm yielded good results as a result of being a robust time
algorithm.

3.2.3. Cluster C: Vehicle Problem

Cluster C contains 11 articles. Based on the articles in Cluster C, three main research areas have been determined: overview, use
of AGVs, and port operations. The authors in this cluster are seen to have focused more on the use of AGVs and port operations.

For the first research area (i.e., overview), Steenken et al. (2004) defined and classified the main logistics processes and operations
in container terminals. Vis and De Koster (2003) examined the literature on various decision problems experienced in container
terminals and made a classification.

Regarding the second research area (i.e., the use of AGVs), Grunow et al. (2004) aimed to develop their proposed approach
on AGV dispatching in port container terminals. Their numerical results showed that using AGVs in multi-load mode instead of
single load mode would reduce delays and that using AGVs in container ports would increase overall performance. Hartmann
(2004a) aimed to present a general framework for the scheduling problems of straddle carriers, AGVs, stacker cranes, and reefer
container handling workers in port logistics. The results showed the proposed model to lead to better results than previous models.
Hwang and Kim (1998) proposed a new AGV dispatching algorithm that yielded better results compared to previous data. Yang et
al. (2004) aimed to present an algorithm to analyze how an increase in the use of automatic lift vehicles (ALVs) instead of AGVs
affects automatic container terminals (ACTs). They developed the simulation model using Visual BASIC and showed ALVs to be
superior to AGVs as they reduce wait times in buffer zones. Vis and Harika (2004) aimed to examine the effect of using AGVs
and ALVs on ship unloading times through a simulation model. They created the simulation model in ARENA 3.5 and showed
that AGVs need to be used 38% more than ALVs. ALVs were also determined to be more affordable than AGVs.

With regard to the third research area (i.e., port operations), De Koster et al. (2004) aimed to define a new rule to evaluate the
performance of real-time vehicle dispatching rules using three companies’ simulation models. Their results showed the proposed
rule to perform well. Guan and Cheung (2004) presented a model that aims to minimize the total weighted flow time, which allows
more than one ship to be moored per berth and considers ship arrival times. Their results showed the model to be quite effective.
Hartmann (2004b) aimed to use the algorithm proposed in the study to summarize which parameters are important for generating
realistic and practical scenarios in ports and for calculating scenarios based on these parameters. The proposed algorithm was
tested in the HHLA Container Terminal in Altenwerder, Hamburg, Germany, and was very suitable for projects in practice. Kim
et al. (2004) developed an algorithm for the load-sequencing problem encountered in ports. Their results showed the proposed
algorithm to provide better results than other algorithms.

3.2.4. Cluster D: Port Operations

Cluster D contains eight articles. Based on the articles in Cluster D, three main research areas were determined: cost reduction,
port planning, and berth planning. The authors in this cluster are seen to have focused more on automated guided port planning
and berth planning.

For the first research area (i.e., cost reduction), Daganzo (1989) aimed to present a solution method to the crane scheduling
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problem concerning ship turnaround while minimizing total delay costs. The results showed minimized crane idle times, maximized
berth throughput, and reduced queuing delays. Peterkofsky and Daganzo (1990) aimed to present a method that minimizes the
delay costs encountered in ports’ loading and unloading operations. Their proposed method yielded satisfactory results for up to
six ships.

Regarding the second research area (i.e., port planning), Kim and Kim (1999) aimed for their proposed model to optimally
allocate storage space for export containers, reduce the amount of reprocessing, and increase customer satisfaction. Their model
yielded positive results. Legato et al. (2001) presented a queuing network simulation model for ships’ arrival, berthing, and
departure processes in a container terminal. The proposed model was effective for decision-making in the container terminal, and
the tests proved satisfactory. Steenken et al. (1993) aimed to simulate vehicle routing to minimize the roads vehicles use in the
port. The study found that simulation with accurate data showed a total savings of 20%-35% in no-load distances, corresponding
to approximately 20,000 km a year. Yun and Choi (1999) aimed to develop a simulation model to analyze the container terminal
system (CTS) located in Pusan, Korea, which involves container handling, container transfer between equipment, and equipment
control. They developed the simulation model using the SIMPLE++ language. Their results indicated the simulation model to be
effective and efficient.

As for the last research area (i.e., berth planning), Lim (1998) proposed a new method for the berth planning problem and
showed the method to perform well on past test data. Park and Kim (2003) presented a method for scheduling berth and quay
cranes in port container terminals. Their proposed method was the most optimal solution for the quay scheduling problem.

3.3. Knowledge Gap

To identify gaps in the literature and to light the way for future researchers, this study has also carried out an author-keyword
analysis over 299 studies, with Figure 5 having been formed based on this analysis. Upon examining all the studies, 738 keywords
were obtained. To facilitate the process of interpreting the keywords, the minimum number of keyword repetitions was limited to
three words, with 52 keywords being obtained as a result of this limitation. This makes identifying gaps that could be addressed in
the future easier. In Figure 5, larger clusters indicate the keywords that have been preferred more compared to the smaller clusters.
The analysis shows the 10 most repeated keywords to be: simulation, logistics, container terminals, optimization, containers,
modeling, ports, container logistics, genetic algorithms, and planning.
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Figure 5. The authors’ most frequently mentioned keywords in the context of container logistics simulation research.
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4. Conclusion

The previous sections have presented a new systematic research review of 299 studies for container logistics simulation research.
Initially, the study determined the bibliographic network and the cornerstones of container logistics simulation research based on
a co-citation analysis. To facilitate the naming and interpretation of the clusters, the minimum number of citations was limited
to five. The cornerstones were obtained from the 6,406 cited references. As a result, 51 studies were included in the review. The
clusters have the following names: Cluster A is crane scheduling, Cluster B is container operations processes, Cluster C is vehicle
problem, and Cluster D is port operations. As shown in Figure 4, Cluster B is in the middle of the visual map and is related to the
other clusters. Clusters A and D are also related to all the other clusters, while Cluster C is related to Clusters B and D much more
than to Cluster A.

Secondly, an author-keyword analysis was carried out, through which 738 keywords were obtained from 299 studies to determine
the gaps and future areas of study. To facilitate the process of interpreting the keywords, the minimum number of keyword repetitions
was limited to three words, with 52 keywords being obtained as a result. The analysis showed the 10 most repeated keywords
to be simulation, logistics, container terminals, optimization, containers, modeling, ports, container logistics, genetic algorithms,
and planning. The 10 least popular keywords are simulation analyses, maritime transport, simulation modeling, vehicle routing
problems, logistics management, vehicle routing, AGV dispatching, container loading, logistics systems, and mathematical models.
The analysis showed the number of studies focusing on simulating container logistics processes to have decreased recently. More
research is needed to optimize and improve container logistics processes, as this will keep with more problems from actively
increasing with each passing day. This study has scrutinized and revealed the gaps in the field for future researchers.

Discussing all the theoretical concepts put forward by the 299 studies is impossible. Therefore, this review is limited to identifying
the theoretical cornerstones and the main discussion trends in the field of container logistics simulations. Furthermore, the study
is limited to only the Scopus database. Apart from Scopus, future studies can also use the Google Scholar database.

4.1. Future Research

This study analyzed 51 studies in depth. As a result of these analyses, the study can make the following recommendations to
authors who will work in this field in the future. As a result of the heavy materials containers carry and tower cranes working
simultaneously, load imbalances can occur on a ship. Therefore, future studies can add stability constraints to their solution models.
Crane speed, crane placement location, and cargo storage strategies in container ports can also be analyzed in detail. The container
priority constraint can also be added to the solution model of the multiple crane scheduling problem.

In addition to these recommendations, artificial intelligence, machine learning, robotization, driverless vehicles (next generation
AGYV), blockchain, digital twin, telecommunications (5G), Internet of Things (IoT), the cloud, augmented reality (AR), virtual
reality (VR), and big data technologies are developing daily. Future studies can also investigate the impact these technological
developments have on efficiency, energy consumption, improving storage areas, reducing dock congestion, reducing workload,
loading and unloading times, ship berthing times, dock crane programming, queuing time, and delays in container ports.

4.2. Limitations

This study has preferred Scopus as the database. Future studies could add the Web of Science (WoS), Google Scholar, and
Dimensions databases. Also, VOSviewer software programs can be preferred as external programs. The co-citation and author-
keyword analyses were made with the help of the VOSviewer visual mapping program. Future studies can perform a bibliographic
coupling analysis. Not many studies are found in this field, and thus further studies should be conducted in the future.
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POLITIKALAR

Yayin Politikasi

Dergi yayin etiginde en yiiksek standartlara baglhidir ve Committee on Publication Ethics (COPE), Directory of Open
Access Journals (DOAJ), Open Access Scholarly Publishers Association (OASPA) ve World Association of Medical
Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser; Principles of Transparency and Best Prac-
tice in Scholarly Publishing baglig1 altinda ifade edilen ilkeler icin: https://publicationethics.org/resources/guidelines-
new/principles-transparency-and-best-practice-scholarlypublishing

Gonderilen makaleler derginin ama¢ ve kapsamina uygun olmalidir. Orijinal, yaymlanmamig ve bagka bir dergide
degerlendirme siirecinde olmayan, her bir yazar tarafindan icerigi ve gonderimi onaylanmis yazilar degerlendirmeye
kabul edilir.

Makale yayinlanmak iizere Dergiye gonderildikten sonra yazarlardan hicbirinin ismi, tiim yazarlarin yazili izni
olmadan yazar listesinden silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirasi degistirilemez.

Intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek
yayin, telif haklari ihlali ve ¢ikar catismasmin gizlenmesi, etik digi davraniglar olarak kabul edilir. Kabul edilen
etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen olasi kuraldisi,
uygunsuzluklar iceren makaleler de dahildir.

intihal

On kontrolden gegirilen makaleler, iThenticate yazilimi kullanilarak intihal icin taranir. Intihal/kendi kendine intihal
tespit edilirse yazarlar bilgilendirilir. Editorler, gerekli olmasi halinde makaleyi degerlendirme ya da liretim siirecinin
cesitli asamalarinda intihal kontroliine tabi tutabilirler. Yiiksek benzerlik oranlari, bir makalenin kabul edilmeden 6nce
ve hatta kabul edildikten sonra reddedilmesine neden olabilir. Makalenin tiiriine bagli olarak, bunun oranin %15 veya
%20’den az olmas1 beklenir.

Cift Kor Hakemlik

Intihal kontroliinden sonra, uygun olan makaleler bas editor tarafindan orijinallik, metodoloji, islenen konunun énemi ve
dergi kapsami ile uyumlulugu agisindan degerlendirilir. Editor, makalelerin adil bir sekilde ¢ift tarafli kor hakemlikten
gegmesini saglar ve makale bigimsel esaslara uygun ise, gelen yaziyi yurticinden ve /veya yurtdisindan en az iki hakemin
degerlendirmesine sunar, hakemler gerek gordiigii takdirde yazida istenen degisiklikler yazarlar tarafindan yapildiktan

sonra yaylnlanmasma onay Verir.
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Acik Erisim Tlkesi

Dergi acik erisimlidir ve derginin tiim igcerigi okura ya da okurun dahil oldugu kuruma ticretsiz olarak sunulur. Okurlar,

ticari amac haricinde, yayinci ya da yazardan izin almadan dergi makalelerinin tam metnini okuyabilir, indirebilir, kopy-
alayabilir, arayabilir ve link saglayabilir. Bu HYPERLINK “https://www.budapestopenaccessinitiative.org/translations/turkish-
translation” BOAI acik erigsim tanimiyla uyumludur.

Derginin acik erisimli makaleleri Creative Commons Atif-GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0)(https:
/lcreativecommons.org/licenses/by-nc/4.0/deed.tr) olarak lisanslidir.

Islemleme Ucreti

Derginin tiim giderleri Istanbul Universitesi tarafindan karsilanmaktadir. Dergide makale yayin1 ve makale siireclerinin
yiiriitiilmesi ticrete tabi degildir. Dergiye gonderilen ya da yayin icin kabul edilen makaleler i¢in islemleme licreti ya
da gonderim lcreti alinmaz.

Telif Hakkinda

Yazarlar dergide yayinlanan ¢aligmalarinin telif hakkina sahiptirler ve ¢alismalar1 Creative Commons Atif-GayriTicari
4.0 Uluslararas1 (CC BY-NC 4.0) https://creativecommons.org/licenses/by-nc/4.0/deed.tr olarak lisanshidir. CC BY-NC
4.0 lisansi, eserin ticari kullanim diginda her boyut ve formatta paylasilmasina, kopyalanmasina, cogaltilmasina ve
orijinal esere uygun sekilde atifta bulunmak kaydiyla yeniden diizenleme, doniistiirme ve eserin lizerine inga etme dahil
adapte edilmesine izin verir.

ETIiK

Yayin Etigi Beyani

Journal of Transportation and Logistics, yayin etiginde en yiiksek standartlara baglidir ve Committee on Publica-
tion Ethics (COPE), Directory of Open Access Journals (DOAJ), Open Access Scholarly Publishers Association
(OASPA) ve World Association of Medical Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini ben-

imser; Principles of Transparency and Best Practice in Scholarly Publishing baglig1 altinda ifade edilen ilkeler icin:
https://publicationethics.org/resources/guidelines-new/principles-transparency-andbest-practice-scholarly-publishing

Gonderilen tiim makaleler orijinal, yayinlanmamis ve bagka bir dergide degerlendirme siirecinde olmamalidir. Her
bir makale editorlerden biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden gegirilir. Intihal, duplikasyon, sahte
yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek yayin, telif haklar ihlali ve
cikar catigmasinin gizlenmesi, etik dig1 davraniglar olarak kabul edilir.

Kabul edilen etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen
olasi kuraldisi, uygunsuzluklar iceren makaleler de dahildir.

Arastirma Etigi
Journal of Transportation and Logistics arastirma etiginde en yiiksek standartlar1 gdzetir ve asagida tanimlanan ulus-
lararas1 aragtirma etigi ilkelerini benimser. Makalelerin etik kurallara uygunlugu yazarlarin sorumlulugundadir
e Arastirmanin tasarlanmasi, tasarimin gozden gecirilmesi ve arastirmanin yiiriitiilmesinde, biitiinliik, kalite ve
seffaflik ilkeleri saglanmalidir.

e Arastirma ekibi ve katilimcilar, aragtirmanin amaci, yontemleri ve ongoriilen olasi kullanimlari;arastirmaya katilimin
gerektirdikleri ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

e Aragtirma katilimcilarinin sagladigi bilgilerin gizliligi ve yanit verenlerin gizliligi saglanmalidir. Arastirma katilim-
cilarin 6zerkligini ve sayginligini koruyacak sekilde tasarlanmalidir.

e Aragtirma katilimcilart goniillii olarak arastirmada yer almali, herhangi bir zorlama altinda olmamalidirlar.

e Katilimcilarin zarar gormesinden kacimilmalidir. Arastirma, katilimcilar riske sokmayacak sekilde planlanmalidir.



https://creativecommons.org/licenses/by-nc/4.0/deed.tr
https://creativecommons.org/licenses/by-nc/4.0/deed.tr
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https://publicationethics.org/resources/guidelines-new/principles-transparency-andbest-practice-scholarly-publishing
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Arastirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar ¢atigsmasi varsa belirtilmelidir.

Deneysel ¢aligmalarda, aragtirmaya katilmaya karar veren katilimcilarin yazili bilgilendirilmis onay1 alinmalidir.
Cocuklarin ve vesayet altindakilerin veya tasdiklenmis akil hastalig1 bulunanlarin yasal vasisinin onay1 alinmalidir.

Calisma herhangi bir kurum ya da kurulusta gerceklestirilecekse bu kurum ya da kurulustan ¢aligma yapilacagina
dair onay alinmalidir.

Insan 6gesi bulunan caligmalarda, “yontem” béliimiinde katilimcilardan “bilgilendirilmis onam” alindigmin ve
caligmanin yapildig1 kurumdan etik kurul onay1 alindig1 belirtilmesi gerekir.

Yazarlarin Sorumlulugu

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin orijinal oldugu, daha
once baska bir yerde yayinlanmadig1 ve bagka bir yerde, baska bir dilde yayinlanmak iizere degerlendirmede olmadig:
konusunda teminat saglamalidir. Uygulamadaki telif kanunlar1 ve anlagmalar1 gozetilmelidir. Telife bagl materyaller
(6rnegin tablolar, sekiller veya biiyiik alintilar) gerekli izin ve tesekkiirle kullanilmalidir. Bagka yazarlarin, katkida
bulunanlarin ¢aligmalari ya da yararlanilan kaynaklar uygun bicimde kullanilmali ve referanslarda belirtilmelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan katkis1 olmalidir, bu baglamda “yazar”
yayinlanan bir arastirmanin kavramsallagtirilmasina ve dizaynina, verilerin elde edilmesine, analizine ya da yorumlan-
masina belirgin katki yapan, yazinin yazilmasi ya da bunun icerik acisindan elestirel bicimde gézden gegirilmesinde
gorev yapan birisi olarak goriiliir. Yazar olabilmenin diger kosullar1 ise, makaledeki ¢alismay1 planlamak veya icra et-
mek ve / veya revize etmektir. Fon saglanmasi, veri toplanmasi ya da arastirma grubunun genel siipervizyonu tek bagina
yazarlik hakki kazandirmaz. Yazar olarak gosterilen tiim bireyler sayilan tiim olgiitleri karsilamalidir ve yukaridaki
Olciitleri karsilayan her birey yazar olarak gosterilebilir. Yazarlarin isim siralamasi ortak verilen bir karar olmalidir.
Tiim yazarlar yazar siralamasini Telif Hakki Formunda imzali olarak belirtmek zorundadirlar.

Yazarlik i¢in yeterli ol¢iitleri karsilamayan ancak calismaya katkis1 olan tiim bireyler “tesekkiir / bilgiler” kisminda
siralanmalidir. Bunlara 6rnek olarak ise sadece teknik destek saglayan, yazima yardimci olan ya da sadece genel bir
destek saglayan, finansal ve materyal destegi sunan kigiler verilebilir.

Biitlin yazarlar, arastirmanin sonuclarini ya da bilimsel degerlendirmeyi etkileyebilme potansiyeli olan finansal
iligkiler, ¢ikar catigmasi ve ¢ikar rekabetini beyan etmelidirler. Bir yazar kendi yayinlanmig yazisinda belirgin bir hata
ya da yanliglik tespit ederse, bu yanligliklara iliskin diizeltme ya da geri ¢ekme i¢in editor ile hemen temasa gecme ve
isbirligi yapma sorumlulugunu tasir.

Editor, Hakem Sorumluluklar: ve Degerlendirme Siireci

Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirir. Yayma gonderilen makalelerin adil bir sekilde cift tarafli kor hakem degerlendirmesinden
gecmelerini saglar. Gonderilen makalelere iligkin tiim bilginin, makale yayinlanana kadar gizli kalacagini garanti eder.
Bas editor icerik ve yaymnin toplam kalitesinden sorumludur. Gereginde hata sayfasi yayinlamali ya da diizeltme
yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda c¢ikar ¢atigmasina izin vermez. Hakem atama konusunda tam
yetkiye sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yiikiimliidiir.

Hakemlerin aragtirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destekgileriyle ¢ikar ¢atismalart olmamalidir.
Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Gonderilmig yazilara iligkin tiim bilginin gizli
tutulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasiflt hissetmiyor ya da zamaninda geri doniis saglamasi1 miimkiin goriin-
miiyorsa, editére bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gézden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii
oldugunu ve bunun imtiyazli bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisil-
erle makaleleri tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir. Bazi durumlarda editoriin
karartyla, ilgili hakemlerin makaleye ait yorumlar1 ayn1 makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin

bu siirecte aydinlatilmasi saglanabilir.
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Hakem Siireci

Daha o6nce yaymlanmamis ya da yaymlanmak {izere bagka bir dergide halen degerlendirmede olmayan ve her bir
yazar tarafindan onaylanan makaleler degerlendirilmek {izere kabul edilir. Gonderilen ve 6n kontrolii gecen makaleler
iThenticate yazilimi kullamlarak intihal icin taranir. Intihal kontroliinden sonra, uygun olan makaleler bas editor
tarafindan orijinallik, metodoloji, islenen konunun 6nemi ve dergi kapsami ile uyumlulugu acisindan degerlendirilir.
Bas editor, makaleleri, yazarlarin etnik kkeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde cift tarafli kor hakem degerlendirmesinden
gecmelerini saglar.

Secilen makaleler en az iki ulusal/uluslararas1 hakeme degerlendirmeye gonderilir; yayin karari, hakemlerin talepleri
dogrultusunda yazarlarin gerceklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda bag editor tarafindan verilir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem siireci sirasinda hakemlerin asagidaki hususlar1 dikkate
alarak degerlendirmelerini yapmalar beklenir.
e Makale yeni ve 6nemli bir bilgi iceriyor mu?

e Oz, makalenin igerigini net ve diizgiin bir sekilde tanimliyor mu?

Yontem biitiinliiklii ve anlasilir sekilde tanimlanmig mi1?

Yapilan yorum ve varilan sonuglar bulgularla kanitlantyor mu?

Alandaki diger caligmalara yeterli referans verilmis mi?

Dil kalitesi yeterli mi?

Hakemler, gonderilen makalelere iligskin tiim bilginin, makale yayinlanana kadar gizli kalmasini saglamali ve yazar
tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editére raporlamalidirlar. Hakem, makale konusu
hakkinda kendini vasifli hissetmiyor ya da zamaninda geri doniis saglamasi miimkiin goriinmiiyorsa, editére bu durumu
bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editér hakemlere gézden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii
oldugunu ve bunun imtiyazli bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri baska kigilerle
makaleleri tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir.

YAZILARIN HAZIRLANMASI

Dil

Dergide Tiirkce ve Ingilizce makaleler yayinlanir. Gonderilen makalelerde makale dilinde 6z, Ingilizce 6z ve Ingilizce
genis 6zet olmalidir. Ancak makale Ingilizce ise, Ingilizce genis 6zet istenmez.

Yazilarin Hazirlanmasi ve Yazim Kurallar:

Aksi belirtilmedikg¢e gonderilen yazilarla ilgili tiim yazismalar ilk yazarla yapilacaktir. Makale gonderimi online olarak
https://jtl.istanbul.edu.tr/en/_ sayfasindan erisilen https://mc04.manuscriptcentral.com/jtl izerinden yapilmalidir. Gon-
derilen yazilar, makale tiirlinii belirten ve makaleyle ilgili detaylar1 iceren (bkz: Son Kontrol Listesi) Kapak Sayfast;
yazinin elektronik formunu igeren Microsoft Word 2003 ve iizerindeki versiyonlari ile yazilmis elektronik dosya ve
tiim yazarlarin imzaladig1 Telif Hakki Anlagmasi Formu eklenerek gonderilmelidir.

1. Makale ana metninde, cift tarafli kor hakemlik siireci geregi, yazarin / yazarlarin kimlik bilgileri yer almamalidir.

2. Yayinlanmak iizere gonderilen makale ile birlikte yazar bilgilerini iceren Kapak Sayfasi gonderilmelidir. Kapak Say-
fasinda, makalenin basligi, yazar veya yazarlarin bagli bulunduklart kurum ve unvanlari, kendilerine ulasilabilecek
adresler, cep, is ve faks numaralari, ORCID ve e-posta adresleri yer almalidir (bkz. Son Kontrol Listesi).

3. Girig boliimiinden 6nce 180-200 kelimelik ¢alismanin kapsamini, amacini, ulasilan sonuglar1 ve kullanilan yontemi
kaydeden makale dilinde 6z ve Ingilizce 6z ile 600-800 kelimelik Ingilizce genisletilmis dzet yer almalidir. Makale
Ingilizce ise Tiirkge 6zet ve Ingilizce genis 6zet istenmez. Calismanin icerigini temsil eden, 3’er adet anahtar kelime

yer almalidir.
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4. Calismalarin baslica su unsurlari icermesi gerekmektedir: Makale Tiirkge ise; Tiirkce dilinde baslik, 6z ve anahtar

5.
6.

7.

kelimeler; Ingilizce baslik, 6z ve anahtar kelimeler, 1ngilizce genig Ozet, ana metin boliimleri, kaynaklar, tablolar
ve sekiller. Makale 1ngilizce ise; sadece 1ngilizce dilinde baghik 6z ve anahtar kelimeler, ana metin bdliimleri,
kaynaklar, tablolar ve sekiller yer almalidir

Referanslar derginin benimsedigi American Psychological Association (APA) 6 stiline uygun olarak hazirlanmalidir.

Kurallar dahilinde dergimize yaymlanmak {izere gonderilen caligmalarin her tiirlii sorumlulugu yazar/ yazarlarina
aittir.

Makale Tiirleri:

Arastirma Makaleleri: Orijinal aragtirma makaleleri derginin kapsamina uygun konularda 6nemli, 6zgiin bilimsel
sonuglar sunan arastirmalar1 raporlayan yazilardir. Orijinal arastirma makaleleri, Oz, Anahtar Kelimeler, Ingilizce
Genis Ozet, Giris, Yontem, Bulgular, Tartisma, Sonuglar, Kaynaklar boliimlerinden ve Tablo, Grafik ve Sekillerden
olusur.

Oz: Ingilizce 6zetler 180-200 kelime arasinda olmali ve calismanin amacini, yontemini, bulgularini ve sonuglarin
belirtmelidir. Makale Tiirkce ise; Tiirkge ve Ingilizce 180-200 kelimelik 6zet ve 600-800 kelimelik Ingilizce
genisletilmig 6zet de 6zlerden sonra yer almalidir.

Giris: Giris boliimiinde konunun 6nemi, tarihge ve bugiine kadar yapilmis caligmalar, hipotez ve calismanin
amacindan s6z edilmelidir. Hem ana hem de ikincil amaclar agikca belirtilmelidir. Sadece gercekten iligkili kay-
naklar gosterilmeli ve ¢caligmaya ait veri ya da sonuglardan s6z edilmemelidir. Girig boliimiiniin sonunda ¢alismanin
amaci, aragtirma sorular1 veya hipotezler yazilmalidir.

Yontem: Yontem boliimiinde, veri kaynaklari, calismaya katilanlar, 6l¢ekler, goriisme/degerlendirmeler ve temel
Olclimler, yapilan islemler ve istatistiksel yontemler yer almalidir. Yontem boliimii, sadece ¢aligmanin plani ya
da protokolii yazilirken bilinen bilgileri icermelidir; ¢alisma sirasinda elde edilen tiim bilgiler bulgular kisminda
verilmelidir.

Bulgular: Ana bulgular istatistiksel verilerle desteklenmis olarak eksiksiz verilmeli ve bu bulgular uygun tablo,
grafik ve sekillerle gorsel olarak da belirtilmelidir. Bulgular yazida, tablolarda ve sekillerde mantikli bir sirayla 6nce
en onemli sonuglar olacak sekilde verilmelidir. Tablo ve sekillerdeki tiim veriyi yazida vermemeli, sadece dnemli
noktalar1 vurgulanmalidir.

Tartigma: Tartisma boliimiinde o ¢calismadan elde edilen veriler, kurulan hipotez dogrultusunda hipotezi destekleyen
ve desteklemeyen bulgular ve sonuclar irdelenmeli ve bu bulgu ve sonuglar literatiirde bulunan benzeri ¢caligmalarla
kiyaslanmali, farkliliklar varsa aciklanmalidir. Caligsmanin yeni ve onemli yanlar1 ve bunlardan ¢ikan sonuglar
vurgulanmalidir. Giris ya da sonuglar kisminda verilen bilgi ve veriler tekrarlanmamalidir.

Sonuclar: Calismadan elde edilen sonuglar belirtilmelidir. Sonuglar, caligmanin amaclari ile baglantili olmalidir,
ancak veriler tarafindan yeterince desteklenmeyen niteliksiz ifadeler ve sonu¢lardan kaginilmalidir. Yeni hipotezler
gerektiginde belirtilmeli, ancak agik¢a tanimlanmalidir.

Sekil, Resim, Tablo ve Grafikler: Metin icinde kullanilan fotograf, plan, harita vb. materyallerin “.jpg /.tiff”
uzantili kayitlar1 gonderilecek dokiimanlara eklenmelidir. Bu tiir belgelerin baski teknigine uygun ¢oziiniirliikte (en
az 300 piksel) ve sayfa alanini1 asmayacak biiyiikliikte olmasina dikkat edilmelidir. Fotograf ve levhalarin 10 sayfay1
agsmamasina dikkat edilmeli ve metin i¢inde parantezle atifta bulunulan resim, harita veya diger ekler makalenin
sonuna eklenmelidir.

Derleme: Yazinin konusunda birikimi olan ve bu birikimleri uluslararas literatiire yayin ve atif sayis1 olarak yan-
simis uzmanlar tarafindan hazirlanmig yazilar degerlendirmeye alinir. Yazarlar1 dergi tarafindan da davet edilebilir.
Derleme yazis1, baghk, 6z, anahtar kelimeler, Ingilizce genis 6zet (Tiirkce, Almanca, Fransizca ve italyanca makaleler
icin), ana metin boliimleri ve kaynaklardan olugsmalidir.

KAYNAKLAR

Referans Stili ve Formati

Journal of Transportation and Logistics, metin ici alintilama ve kaynak gosterme i¢in APA (American Psychological
Association) kaynak sitilinin 6. edisyonunu benimser. APA 6.Edisyon hakkinda bilgi i¢in:
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e American Psychological Association. (2010). Publication manual of the American Psychological Association (6th
ed.). Washington, DC: APA.

e http://www.apastyle.org/

Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tiim kaynaklar metinde belirtilmelidir. Kaynaklar asagidaki
orneklerdeki gibi gosterilmelidir.

Metin icinde Kaynak Gosterme

Kaynaklar metinde parantez i¢inde yazarlarin soyad: ve yayin tarihi yazilarak belirtilmelidir.

Birden fazla kaynak gosterilecekse kaynaklar arasinda (;) isareti kullanilmalidir. Kaynaklar alfabetik olarak siralan-
malidir.

Ornekler:

Birden fazla kaynak;
(Esin ve ark., 2002; Karasar 1995)
Tek yazarh kaynak;
(Akyolcu, 2007)
Iki yazarl kaynak;
(Saymer ve Demirci, 2007, s. 72)
Ug, dort ve bes yazarh kaynak;
Metin icinde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12-13) Metin i¢inde tekrarlayan kullanimlarda:
(Ailen ve ark., 2000)
Alti ve daha ¢ok yazarl kaynak;
(Cavdar ve ark., 2003)

Kaynaklar Boliimiinde Kaynak Gosterme

Kullanilan tiim kaynaklar metnin sonunda ayr1 bir boliim halinde yazar soyadlarina gore alfabetik olarak numara-
landirilmadan verilmelidir.

Kaynak yazimu ile ilgili ornekler asagida verilmistir.

Kitap
a) Tiirkce Kitap
Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danigsmanlik Ltd.
b) Tiirkceye Cevrilmis Kitap
Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: iletisim Yayinlari.
¢) Editorlii Kitap
Oren, T., Uney, T. ve Colkesen, R. (Ed.). (2006). Tiirkiye bilisim ansiklopedisi. Istanbul: Papatya Yayincilik.
d) Cok Yazarh Tiirkce Kitap
Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme. Ankara: Total Bil-
isim.
e) Ingilizce Kitap
Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.
f) Ingilizce Kitap Icerisinde Boliim
Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures
in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press
g) Tiirkce Kitap Icerisinde Boliim
Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, geleri, isletme yonetimi ve liderlikteki &nemi. M. Zencirkiran (Ed.),
Orgiit sosyolojisi kitaby i¢inde (s. 233-263). Bursa: Dora Basim Yayin.
h) Yayuncinin ve Yazarin Kurum Oldugu Yayin
Tiirk Standartlar1 Enstitiisii. (1974). Adlandirma ilkeleri. Ankara: Yazar.



http://www.apastyle.org/
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Makale
a) Tiirkce Makale
Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonrast yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma
girisimleri. Istanbul Universitesi Florence Nightingale Hemsgirelik Dergisi, 15(60), 179-182.
b) Ingilizce Makale
de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society,
10(2), 149-173. http://dx.doi.org/10.1177/0957926599010002002
¢) Yediden Fazla Yazarlh Makale
Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. ... Heineman, T. C. (2015).
Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372,
2087-2096. http://dx.doi.org/10.1056/NEJMoal501184
d) DOI’si Olmayan Online Edinilmig Makale
Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge Yonetimi Boliimii tezlerinin atif analizi. Tiirk
Kiitiiphaneciligi, 26, 349-369. Erisim adresi: http://www.tk.org.tr/
e) DOI’si Olan Makale
Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical
Services Quarterly, 27, 261-278. http://dx.doi.org/10.1080/07317131003765910
f) Advance Online Olarak Yayimlanmis Makale
Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online publication.
http://dx.doi.org/10.1037/a45d7867 g) Popiiler Dergi Makalesi
Semercioglu, C. (2015, Haziran). Siradanligin rayihasi. Sabit Fikir, 52, 38-39.

Tez, Sunum, Bildiri
a) Tiirkce Tezler
Sar1, E. (2008). Kiiltiir kimlik ve politika: Mardin'de kiiltiirlerarasilik. (Doktora Tezi). Ankara Universitesi Sosyal
Bilimler Enstitiisii, Ankara.
b)Ticari Veritabaninda Yer Alan Yiiksek Lisans Ya da Doktora Tezi
Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available from Pro-
Quest Dissertations and Theses. (UMI No. 9943436)
¢) Kurumsal Veritabaninda Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi
Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cul-
tural practices in Ege University (Doctoral dissertation). Retrieved from: Retrieved from http://library.iyte.edu.tr/tr/hizli-
erisim/iyte-tez-portali
d) Web’de Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi
Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of
California, Berkeley). Retrieved from http://yunus.hacettepe.edu.tr/ tonta/yayinlar/phd/ickapak.html
e) Dissertations Abstracts International’da Yer Alan Yiiksek Lisans/Doktora Tezi
Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion representa-
tion, and figure-ground segregation. Dissertation Abstracts International: Section B. Sciences and Engineering, 65(10),
5428.
f) Sempozyum Katkist
Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms markers of
prodromal Alzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair), Predictors of mild cognitive
impairment, dementia, and mortality in adults with Down syndrome. Symposium conducted at American Psychological
Association meeting, Orlando, FL.
g) Online Olarak Erisilen Konferans Bildiri Ozeti
Cinar, M., Dogan, D. ve Seferoglu, S. S. (2015, Subat). Egitimde dijital araclar: Google sinif uygulamasu iizerine bir
degerlendirme [Oz]. Akademik Bilisim Konferansinda sunulan bildiri, Anadolu Universitesi, Eskisehir. Erisim adresi:
http://ab2015.anadolu.edu.tr /index.php?menu=5&submenu=27

h) Diizenli Olarak Online Yayunlanan Bildiriler



http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali
http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali
http://yunus.hacettepe.edu.tr/~tonta/yayinlar/phd/ickapak.html

Journal of Transportation and Logistics 1STANBUL

. UNIVERSITY
YAZARLARA BILGI/ INSTRUCTIONS TO AUTHORS ————PRESS

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of the cerebral
cortex. Proceedings of the National Academy of Sciences, 105,12593-12598. http://dx.doi.org/10.1073/pnas.0805417105
i) Kitap Seklinde Yayimlanan Bildiriler

Schneider, R. (2013). Research data literacy. S. Kurbanoglu ve ark. (Ed.), Communications in Computer and Infor-
mation Science: Vol. 397. Worldwide Communalities and Challenges in Information Literacy Research and Practice
iginde (s. 134—140). Cham, Isvigre: Springer. http://dx.doi.org/10.1007/978-3-319-03919-0

J) Kongre Bildirisi

Cepni, S., Bacanak A. ve Ozsevgeg T. (2001, Haziran). Fen bilgisi 6gretmen adaylarinn fen branglarina karst tutumlar
ile fen branglarindaki bagarilarinn iliskisi. X. Ulusal Egitim Bilimleri Kongresi’nde sunulan bildiri, Abant Izzet Baysal
Universitesi, Bolu

Diger Kaynaklar
a) Gazete Yazist
Toker, C. (2015, 26 Haziran). ‘Unutma’ notlart. Cumhuriyet, s. 13.
b) Online Gazete Yazist
Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak icin tiiketiciyi bekliyor. Milliyet. Erigim adresi: http://www.milliyet
c) Web Page/Blog Post
Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from http://www.davidbordw
d) Online Ansiklopedi/Sozliik
Bilgi mimarisi. (2014, 20 Aralik). Vikipedi i¢inde. Erigim adresi: http://tr.wikipedia.org/wiki/Bilgi_mimarisi Mar-
coux, A. (2008). Business ethics. In E. N. Zalta (Ed.), The Stanford encyclopedia of philosophy. Retrieved from
http://plato.stanford.edu/entries/ethics-business/
e) Podcast
Radyo ODTU (Yapimci). (2015, 13 Nisan). Modern sabahlar [Podcast]. Erigim adresi: http://www.radyoodtu.com.tr/
f) Bir Televizyon Dizisinden Tek Bir Boliim
Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S. (Yonetmen). (2012). Runaways [Televizyondizisi boliimii].
D. Shore (Bas yapimc1), House M.D. icinde. New York, NY: Fox Broadcasting.
g) Miizik Kayd:
Say, F. (2009). Galata Kulesi. Istanbul senfonisi [CD] icinde. Istanbul: Ak Miizik.

SON KONTROL LiSTESI

Asagidaki listede eksik olmadigindan emin olun:

e Makalenin tiiriiniin belirtilmis oldugu

e Baska bir dergiye gonderilmemis oldugu

e Sponsor veya ticari bir firma ile iligkisi varsa, bunun belirtildigi

e Ingilizce yoniinden kontroliiniin yapildig:

e Referanslarin derginin benimsedigi APA 6 edisyonuna uygun olarak diizenlendigi
e Yazarlara Bilgide detayli olarak anlatilan dergi politikalarinin gézden gegirildigi
o Telif Hakki Anlagmasi Formu

e Daha Once basilmis materyal (yazi-resim-tablo) kullanilmis ise izin belgesi

e Kapak sayfasi

v/ Makalenin kategorisi
v Makale dilinde ve Ingilizce baglik

v/ Yazarlarin ismi soyadi, unvanlari ve bagli olduklar1 kurumlar (iiniversite ve fakiilte bilgisinden sonra sehir ve

iilke bilgisi), e-posta adresleri



http://www.milliyet
http://www.davidbordwell.net/blog/page/27/
http://plato.stanford.edu/entries/ethics-business/
http://www.radyoodtu.com.tr/

Journal of Transportation and Logistics 1STANBUL

. UNIVERSITY
YAZARLARA BILGI/ INSTRUCTIONS TO AUTHORS ————PRESS

v/ Sorumlu yazarin e-posta adresi, agik yazisma adresi, is telefonu, GSM, faks nosu
v/ Tiim yazarlarin ORCID’leri
v/ Finansal destek (varsa belirtiniz)
v/ Cikar catismasi (varsa belirtiniz)
v Tesekkiir (varsa belirtiniz)
e Makale ana metni
Makale Tiirkge ise:
Makalenin Tiirkge ve Ingilizce bashgi
Ozetler; 180-200 kelime Tiirkge ve 180-200 kelime Ingilizce
Anahtar Kelimeler: 3-5 arasi Tiirkce ve 3-5 arasi Ingilizce
Ingilizce genisletilmis 6zet (Extended Abstract) 600-800 kelime
Makale ana metin bdliimleri
Tesekkiir (varsa belirtiniz)
Kaynaklar
Tablolar-Resimler, Sekiller (baslik, tanim ve alt yazilariyla)
Makale Ingilizce ise:
Makalenin Ingilizce baghgi
180-200 kelime Ingilizce dzet
Ingilizce anahtar kelimeler
Makale ana metin boliimleri
Tesekkiir (varsa belirtiniz)

Kaynaklar

SN N N N N N N N N N NN

Tablolar-Resimler, Sekiller (baglik, tanim ve alt yazilariyla)
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AIM AND SCOPE

Journal of Transportation and Logistics (JTL) is a multidisciplinary and semi-annual published official journal of
Istanbul University, The Faculty of Transportation and Logistics. The aim of the journal is to disseminate the new
ideas on the issues and problems faced by transportation and logistics industry which becomes irrevocable for the
global economy. JTL provides academicians and practitioners with a dynamic platform to discuss and analyze the
new issues for transportation and logistics. It presents an independent, original and elaborated analysis to facilitate
the interchange of information about logistics and supply chain management among business planners and researchers
on a world-wide basis as well as a platform for new thinking on the problems and techniques of logistics and supply
chain management. Academicians and practitioners are invited to submit articles, research papers, case studies and
review articles that progress the science and practice of transportation, logistics and supply chain management. While
articles in any area of transportation, logistics or supply chain management are welcomed, the editors are especially
interested in those dealing with managerial applications of theory and technique. Articles which provide guidelines for
framing, interpreting or implementing the transport and logistics process in the supply chain are of particular interest.
Thus, subjects covered in this journal may include business; entrepreneurship; management and accounting; corporate
governance; customer relationship management (CRM); marketing; human resources management; economics, finance,
business & industry; industry & industrial studies; logistics; inbound and outbound logistics; supply chain management;
transport industries; green logistics; reverse logistics; humanitarian logistics; sustainability; city logistics. All articles
are anonymously reviewed for publication by referees who look for original ideas that are clearly presented.

POLICIES
Publication Policy

The journal is committed to upholding the highest standards of publication ethics and pays regard to Principles of
Transparency and Best Practice in Scholarly Publishing published by the Committee on Publication Ethics (COPE),
the Directory of Open Access Journals (DOAJ), the Open Access Scholarly Publishers Association (OASPA), and the
World Association of Medical Editors (WAME) on https:// publicationethics.org/resources/guidelines-new/principles-
transparency-and-best-practice-scholarlypublishing

The subjects covered in the manuscripts submitted to the Journal for publication must be in accordance with the aim
and scope of the Journal. Only those manuscripts approved by every individual author and that were not published
before in or sent to another journal, are accepted for evaluation.

Changing the name of an author (omission, addition or order) in papers submitted to the Journal requires written
permission of all declared authors.

Plagiarism, duplication, fraud authorship/denied authorship, research/data fabrication, salami slicing/salami publica-
tion, breaching of copyrights, prevailing conflict of interest are unethical behaviors. All manuscripts not in accordance
with the accepted ethical standards will be removed from the publication. This also contains any possible malpractice
discovered after the publication.

Plagiarism

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. If plagiarism/self-
plagiarism will be found authors will be informed. Editors may resubmit manuscript for similarity check at any peer-
review or production stage if required. High similarity scores may lead to rejection of a manuscript before and even
after acceptance. Depending on the type of article and the percentage of similarity score taken from each article, the
overall similarity score is generally expected to be less than 15 or 20%.

Double Blind Peer-Review

After plagiarism check, the eligible ones are evaluated by the editors-in-chief for their originality, methodology, the
importance of the subject covered and compliance with the journal scope. The editor provides a fair double-blind peer
review of the submitted articles and hands over the papers matching the formal rules to at least two national/international
referees for evaluation and gives green light for publication upon modification by the authors in accordance with the
referees’ claims.
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Open Access Statement

The journal is an open access journal and all content is freely available without charge to the user or his/ her institution.
Except for commercial purposes, users are allowed to read, download, copy, print, search, or link to the full texts of the
articles in this journal without asking prior permission from the publisher or the author. This is in accordance with the
HYPERLINK “https://www.budapestopenaccessinitiative.org/ read” BOAI definition of open access.

The open access articles in the journal are licensed under the terms of the Creative Commons AttributionNonCom-
mercial 4.0 International ( HYPERLINK “https://creativecommons.org/licenses/by-nc/4.0/deed. en” CC BY-NC 4.0)
license. (https://creativecommons.org/licenses/by-nc/4.0/deed.en)

Article Processing Charge

All expenses of the journal are covered by the Istanbul University. Processing and publication are free of charge with
the journal. There is no article processing charges or submission fees for any submitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain the copyright to their work licensed under the Creative Commons Attribution-
NonCommercial 4.0 International license (CC BY-NC 4.0) (https://creativecommons. org/licenses/by-nc/4.0/ ) and
grant the Publisher non-exclusive commercial right to publish the work. CC BY-NC 4.0 license permits unrestricted,
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ETHICS

Publication Ethics and Publication Malpractice Statement

The Journal of Transportation and Logistics is committed to upholding the highest standards of publication ethics
and pays regard to Principles of Transparency and Best Practice in Scholarly Publishing published by the Committee
on Publication Ethics (COPE), the Directory of Open Access Journals (DOAJ), to access the Open Access Scholarly
Publishers Association (OASPA), and the World Association of Medical Editors (WAME) on https://publicationethics
.org/resources/guidelines-new/principles-transparency-and-bestpractice-scholarly-publishing

All parties involved in the publishing process (Editors, Reviewers, Authors and Publisher) are expected to agree on
the following ethical principles.

All submissions must be original, unpublished (including as full text in conference proceedings), and not under
the review of any other publication synchronously. Each manuscript is reviewed by one of the editors and at least
two referees under double-blind peer review process. Plagiarism, duplication, fraud authorship/denied authorship,
research/data fabrication, salami slicing/salami publication, breaching of copyrights, prevailing conflict of interest are
unnethical behaviors.

All manuscripts not in accordance with the accepted ethical standards will be removed from the publication. This

also contains any possible malpractice discovered after the publication. In accordance with the code of conduct we will
report any cases of suspected plagiarism or duplicate publishing.

Research Ethics

The Journal of Transportation and Logistics adheres to the highest standards in research ethics and follows the principles
of international research ethics as defined below. The authors are responsible for the compliance of the manuscripts
with the ethical rules.

e Principles of integrity, quality and transparency should be sustained in designing the research, reviewing the design
and conducting the research.

e The research team and participants should be fully informed about the aim, methods, possible uses and requirements
of the research and risks of participation in research.

All



https://www.budapestopenaccessinitiative.org/
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://publicationethics.org/resources/guidelines-new/principles-transparency-and-bestpractice-scholarly-publishing
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o The confidentiality of the information provided by the research participants and the confidentiality of the respondents
should be ensured. The research should be designed to protect the autonomy and dignity of the participants.

e Research participants should participate in the research voluntarily, not under any coercion.

e Any possible harm to participants must be avoided. The research should be planned in such a way that the
participants are not at risk.

e The independence of research must be clear; and any conflict of interest must be disclosed.

e In experimental studies with human subjects, written informed consent of the participants who decide to participate
in the research must be obtained. In the case of children and those under wardship or with confirmed insanity, legal
custodian’s assent must be obtained.

o If the study is to be carried out in any institution or organization, approval must be obtained from this institution
or organization.

¢ In studies with human subject, it must be noted in the method’s section of the manuscript that the informed consent
of the participants and ethics committee approval from the institution where the study has been conducted have
been obtained.

Author Responsibilities

It is authors’ responsibility to ensure that the article is in accordance with scientific and ethical standards and rules.
And authors must ensure that submitted work is original. They must certify that the manuscript has not previously
been published elsewhere or is not currently being considered for publication elsewhere, in any language. Applicable
copyright laws and conventions must be followed. Copyright material (e.g. tables, figures or extensive quotations)
must be reproduced only with appropriate permission and acknowledgement. Any work or words of other authors,
contributors, or sources must be appropriately credited and referenced.

All the authors of a submitted manuscript must have direct scientific and academic contribution to the manuscript. The
author(s) of the original research articles is defined as a person who is significantly involved in “conceptualization and
design of the study”, “collecting the data”, “analyzing the data”, “writing the manuscript”, “reviewing the manuscript
with a critical perspective” and “planning/conducting the study of the manuscript and/or revising it”. Fund raising,
data collection or supervision of the research group are not sufficient roles to be accepted as an author. The author(s)
must meet all these criteria described above. The order of names in the author list of an article must be a co-decision
and it must be indicated in the Copyright Agreement Form. The individuals who do not meet the authorship criteria
but contributed to the study must take place in the acknowledgement section. Individuals providing technical support,
assisting writing, providing a general support, providing material or financial support are examples to be indicated in
acknowledgement section.

All authors must disclose all issues concerning financial relationship, conflict of interest, and competing interest that
may potentially influence the results of the research or scientific judgment.

When an author discovers a significant error or inaccuracy in his/her own published paper, it is the author’s obligation
to promptly cooperate with the Editor to provide retractions or corrections of mistakes.

Responsibility for the Editor and Reviewers and Evaluation Process

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, citizenship,
religious belief or political philosophy of the authors. He/She provides a fair double-blind peer review of the submitted
articles for publication and ensures that all the information related to submitted manuscripts is kept as confidential
before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata
pages or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the
full authority to assign a reviewer and is responsible for final decision for publication of the manuscripts in the journal.
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Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their
judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must
report to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be
impossible should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged
interaction. The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the
referees must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers
to clarify a particular point.

Peer Review Process
Only those manuscripts approved by its every individual author and that were not published before in or sent to another
journal, are accepted for evaluation.

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After
plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality, methodology, the importance
of the subject covered and compliance with the journal scope. Editor-inChief evaluates manuscripts for their scientific
content without regard to ethnic origin, gender, citizenship, religious belief or political philosophy of the authors and
ensures a fair double-blind peer review of the selected manuscripts.

The selected manuscripts are sent to at least two national/international external referees for evaluation and publication
decision is given by Editor-in-Chief upon modification by the authors in accordance with the referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and is responsible
for final decision for publication of the manuscripts in the journal.

Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected while conduct-
ing the review.

e Does the manuscript contain new and significant information?

e Does the abstract clearly and accurately describe the content of the manuscript?

o Is the problem significant and concisely stated?

e Are the methods described comprehensively?

o Are the interpretations and consclusions justified by the results?

¢ [s adequate references made to other Works in the field?

o Is the language acceptable?

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must
report to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be
impossible should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged
interaction. The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of
the referees is important.

MANUSCRIPT ORGANIZATION

Language

Articles in Turkish and English are published. Submitted manuscript must include an abstract both in the article
language and in English, and an extended abstract in English as well. However extended abstract in English is not
required for articles in English.
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Manuscript Organization and Submission

All correspondence will be sent to the first-named author unless otherwise specified. Manuscpript is to be submitted
online via https://jtl.istanbul.edu.tr/en/_ that can be accessed at https://mc04.manuscriptcentral.com/jtl and it must be
accompanied by a Title Page specifying the article category (i.e. research article, review etc.) and including information
about the manuscript (see the Submission Checklist). Manuscripts should be prepared in Microsoft Word 2003 and
upper versions. In addition, Copyright Agreement Form that has to be signed by all authors must be submitted.

1. Manuscripts should be prepared using the Article Template. Due to double blind peer review, manuscript file must
not include any information about the author.

2. Atitle page including author information must be submitted together with the manuscript. The title page is to include
fully descriptive title of the manuscript and, affiliation, title, e-mail address, ORCID, postal address, phone, mobile
phone and fax number of the author(s) (see The Submission Checklist).

3. Before the introduction part, there should be an abstract of 180-200 words in English. If the manuscript is in Turkish,
extended abstract in English between 600-800 word is required.. Underneath the abstracts, 3 keywords that inform
the reader about the content of the study should be specified.

4. The manuscripts should contain mainly these components: title, abstract and keywords; extended abstract in English
(for articles in Turkish), sections, references, tables and figures.

5. References should be in accordance with American Psychological Association (APA) style 6/" Edition.
6. Authors are responsible for all statements made in their work submitted to the journal for publication.

7. Article Types
Research Article: Original research articles report substantial and original scientific results within the journal
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