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ABSTRACT

Purpose-The purpose of this researchis to increase customer satisfactionand business performance in the sector t o eliminate failure situations
of the processing phases of the departments of the business and to develop the quality of the system. The objective of this research is to
enhance customer satisfaction and business performance byaddressing and eliminating failure situationsin the processing phases of the
business departments and improving the quality of the system. To achieve this, the study focuses on evaluating third-party and fourth-party
logistics service providers in the context of sustainability. While there are existing approaches to evaluate party logistics under general headings,
there isalack of specific studies focusing on companies operating inasingle field. Therefore, this study aims to fill that gap by examining the
business evaluation criteria of third-party and fourth-party logistics service providers for a white goods company in Turkey.

Methodology- During the research, the concept of third-party logistics has gained attention within the scope of sustainability, the competition
among organizations providing this service has become more intense, as have customer expectations. The research utilizes Failure Mode and
Effects Analysis (FMEA) and Pareto Analysis (PA) to assess the sustainability of the supplychainand batch logistics for the company.
Findings- As a result of the research, the findings in the direction of quality improvement-development withinthe scope of the service provided
by the business are presented. The initial phase of process enhancement for logistics operations begins with the FMEA results. Development
initiatives may beginifimprovement initiatives are maintained. Development activities and resources oughtto be distributedin accordance with
thislevel of priority with regard tothe first work thathas to be performed toenhance the process.

Conclusion- All risk considerations might notbe realized inside a particular process since there are onlya limited number of possibilities to be
assigned for enhancement prosperity. By conducting risk prevention studies in accordance with the priorities that will bedecided upon each
period, itisintended to produce continuous improvement. Overall, while itmay notbe possible to address every risk, prioritizing risks and
conducting risk prevention studies can help organizations achieve continuous improvement andincrease their chances of success.

Keywords: Failure Mode and Effects Analysis (FMEA), Pareto Analysis (PA), party logistics, quality, supply chain, sustainability.
JEL Codes: 030, NO1,L15, L21,L84

1. INTRODUCTION

Sustainability is defined as maintaining the balance and continuity of a system, such as an ecosystem or supply chain, while
avoiding disruptions, excessive strainon resources, and waste. It involves ensuring the long-term viability and well-being of both
the natural environment and human societies. Sustainability encompasses the concept of balancing ecological, economic, and
social factors to ensure the long-term well-being of our planet and future generations. It recognizes the interconnectedness of
environmental, economic, and social systems and aims to minimize negative impacts while maximizing positive outcomes.
Responsible resource management is a crucial aspect of sustainability. It involves using resources efficiently, minimizing waste
and pollution, and promoting renewable and sustainable alternatives.

To achieve sustainability, it is important to involve stakeholders and communities in decision-making processes. Participatory
approaches allow for diverse perspectives to be heard, knowledge to be shared, and solutions to be collectively developed. This
helps to create a sense of ownership, inclusivity, and transparency in the pursuit of sustainable practices. It involves finding a
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harmonious equilibrium between the environmental limits of the planet, the economic needs of society, and the values and
aspirations of communities. In order to determine the best strategies for achieving sustainability, researchers advocate for
participatory methods that involve community engagement. This means involving various stakeholders in the decision-making
process to analyze choices, assess trade-offs, and make informed decisions that align with their values and aspirations. By
involving the community, it becomes possible to tailor restoration efforts and sustainable practices to the specific needs and
conditions of each location. Researchers believe that participatory methods of community engagement, in which various
individuals analyze the choices and trade-offs facing their community, are the best ways to determine how restoration should
really be carried out in each specific site or condition. Overall, sustainability requires a holistic and integrated approach that
considers the interconnectedness of environmental, economic, and social factors. It strives for a balance that enables current
and future generations to thrive while preserving the integrity of our natural systems and promoting social well-being
(Munasinghe, 1993; Hueting and Reijnders, 1998; Sezgin and Kalaman, 2008).

There are two components to the idea of sustainable development. These components are discussed in the first section, and the
ability of the environment to satisfy both present-day wants and demands in the second. The use of technology has its
limitations. To put it another way, sustainable advancement refers to a strategy which ensures the wise management of natural
supplies and leaves a natural, physical, and social surroundings deserving of future generations in a way that will support
ongoing economic advancement through preserving human wellness and the natural equilibrium. Such a strategy necessitates
those environmental issues be managed concurrently with global economic and social strategies at every level of growth. When
it is taken into account for society, sustainable development becomes more significant in the context of social, economic,
cultural in nature and natural assets (Munasinghe, 1993; Dulupgu, 2000; Altunbas, 2003). A sustainable population,
contraception, health care, and education are all guaranteed by sustainable development. The centralized government, regional
governments, and departments all benefit from this idea's development of relationships. It involves everyone in society in the
decision-making procedure so that they may help create ethical and moral standards which ensure sustainable growth and take
into account how the environment and the economy are interdependent. It encourages multidisciplinary research and helps
students comprehend natural systems via science and education. Resource distribution and population are both important
factors in the pursuit of sustainable development. It needs to be compatible with demographic changes (Munasinghe, 1993;
Hamilton, 1995; Dulupgu, 2000; Dollar and Kraay, 2001; Redclift, 2005; Hepburn, 2006).

non non

Terms like "logistics outsourcing," "logistics alliances," "third party logistics," "contract logistics," and "contract distribution"
have recently been utilized interchangeably to refer to the business practice of contracting-out all or a portion of logistics
operations that were formerly handled internally. A company or a person that requires cargo, freight, products, commodities, or
merchandise moved from point A to point B is known as a first-party logistics provider (1PL). Institutions like government
organizations, as well as people or families migrating, might also fall under this category. *First party logistics providers are
those who arrange for the transportation of products from their origin to their final destination. *An asset-based carrier known
as a second-party logistics provider (2PL) really controls the transportation equipment. Shipping firms that own, lease, or
chartered their vessels, airlines that own, lease, or charter their planes, and trucking businesses that own or lease their
automobiles are examples of conventional 2PLs. * Third-Party Logistics (3PL) facilitates supply chain connections between
buyers and providers. The top automakers in the world today are taking use of 3PL, and their demand for this idea is expanding
daily. 3PL is the practice of outsourcing most or all of a company's logistical functions to a specialist business. Acompany known
as a third-party logistics provider offers consumers a variety of logistical services. These services are ideally merged or
"bundled" by the supplier. These businesses streamline the flow of components and supplies from suppliers to manufacturers
as well as completed goods from manufacturers to wholesalers and retailers. Transportation, storage, cross -docking, inventory
management, packing, and shipping are just a few of the services they offer (Holweg and Miemczyk, 2003; Reeves et al., 2010;
Ko et al., 2010; Jayaram and Tan, 2010; Rajesh et al., 2011; Ho et al., 2015). Numerous environmental problems have an impact
on logistics, some of which are outside of its purview and others which are. The aspects of logistics that are all impacted by the
environment are as follows: Controlling transportation, fuel economy, emissions, warehousing, office and administrative
functions, and manufacturing (Remmel, 1991; Prendergast, 1995). Due to the importance of following lean principles,
distribution and logistics may appear crucial to the company's continuing the competitive edge. As a result, businesses might
either improve and supply these goods and services locally, hire a third-party logistics company, or adopt a combination
approach in which some functions are transferred and others are supplied internally. In particular, for both dynamic forward
flows and reverse flows, 3PLs could supply dependable services to meet client requests thanks to advanced information systems
and specialized equipment. Due to 3DayCar, distribution of the finished car costs 28% of the entire cost of the sold vehicle, while
inbound logistics costs 1%, outbound logistics costs 1.2% (Holweg and Miemczyk, 2003; Ko et al., 2010; Reeves et al., 2010;
Rajesh etal., 2011).
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The scope of this research focuses on evaluating third-party (3PL) and fourth-party (4PL) logistics service providers in the white
goods sector, specifically for sustainability. The evaluation criteria for these logistics companies are determined based on
existing studies, and the Failure Modes and Effects Analysis (FMEA) method and Pareto Anlysis (PA) are applied to the supply
chain of XYZ white goods manufacturing business in Turkey. . FMEA is a method used to identify potential failures, their causes,
and their effects, allowing for preventive measures to be implemented. PA, on the other hand, helps prioritize issues based on
their significance and impact. By applying these analytical techniques, the study aims to identify areas of improvement due to
criteria of sustainability the supply chain and batch logistics processes, enhance the sustainability of operations, and ultimately
improve customer satisfaction and business performance. These criteria are established based on existing studies and are
aligned with the goal of sustainability. When choosing a 3PL or 4PL supplier, white goods firms in Turkey should consider a
variety of business assessment criteria that were established by the authors of the research. it has become more important for
businesses to meet customer needs accurately and to be a leader in the sector for this issue. By conducting this issue and this
research, the aim is to assess the performance and sustainability of 3PL companies serving the white goods manufacturing
industry. This evaluation helps identify the business's position in the market and its strengths and weaknesses compared to
competitors. It also sets clear objectives for improving operations and maintaining a strong market presence. To enhance its
market exposure and competitiveness, the XYZ Company needs to address areas where it falls short compared to other logistics
services. This may involve strengthening technical requirements, such as technology infrastructure and physical equipment. The
FMEA analysis serves as a practical roadmap for the company, providing guidance for operational and strategic goals. Itis worth
noting that with appropriate adjustments, the findings and methodologies of this research can potentially be applied to various
industries or businesses beyond the white goods sector. The insights gained from evaluating logistics service providers and
utilizing FMEA can be adapted to suit different contexts, helping businesses enhance their sustainability and operational
performance.

The flow of the paper is organized as; Section 2 presents information about research methodology, the importance of Party
Logistics Service Providers for the development of the industry and the company as a significant scientific scope so as to the
future research in development organization and process for prioritization of the identified product recovering option and
drivers In addition, this second section elaborates and comprises the subjects about 3PL Market in Competitive Marketplace.
Section 3 and Section4 present Failure Mode and Effects Analysis (FMEA) and Pareto Analysis model approach. These sections
highlight and utilize Failure Mode and Effects Analysis (FMEA) and Pareto Analysis (PA) to assess the sustainability of the supply
chain and batch logistics for a company in white goods sector. Companies may improve their operational performance and
sustainability by applying the lessons learned from analyzing Failure Mode and Effects Analysis (FMEA) and assessing logistics
service providers (LSPs) tovarious scenarios. Companies may increase their sustainability and efficiencyin operation, lower their
risk of expensive interruptions, and obtain a competitive edge by exploiting the insights acquired from reviewing LSPs and
implementing FMEA and PA. Finally, Section 5 concludes the findings of this study along with limitations and assessing logistics
service providers, FMEA and PA due to application of the issue for white goods sector.

2. LITERATURE REVIEW
2.1. Definition of the Concepts of Party Logistics Service Providers

Supply Chain Management (SCM) is indeed beneficial for organizations in terms of financial efficiency, customer loyalty, and
partner revenues. An effective SCM system enables organizations to respond quickly and efficiently to demand fluctuations.
This can be achieved through agile production and distribution processes, efficient inventory replenishment strategies, and
flexible supply chain networks. SCM helps in achieving a stable and reliable supply of materials and products. It involves building
strong relationships with suppliers, implementing robust supplier management processes, and establishing backup plans for
supply disruptions. Some of the business potential of supply chain management are listed below. Through utilizing the period
between customer orders and distribution effectively, it boosts revenues, contributes to a decrease in industry investment in
capital, optimizes response to demand fluctuations, and boosts supply stability. In the context of this study, the integration of
Failure Modes and Effects Analysis (FMEA) programs with SCM offers an enhanced output configuration. It addresses the
application of FMEA in the context of SCM systems and provides examples of its utilization as a supply chain management
strategy and continuity guideline. By implementing SCM with the FMEA approach, organizations can proactively identify and
mitigate potential failures and risks in their supply chains. This ensures a more resilient and efficient supply chain operation. Itis
important to recognize the significance of customers within the supply chain network, as meeting their demands and
expectations is crucial for sustainable business success (Gunasekaranand Ngai 2009; Jayaram and Tan, 2010).
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2.2.Why 3PL

It is evident from the preceding slide that in a time-constrained, global marketplace, the efficacy and effectiveness of the
logistics procedure, together with a synchronized and coordinated supply chain management, performs a critical strategic role.
Many manufacturers have also recognized that their core competencies are not in the area of logistics in this competing
environment where financial resources are restricted and have gradually sought to purchase logistics capabilities and operations
from third party suppliers (see Figure 1; Gunasekaran and Ngai, 2009; Jayaram and Tan, 2010; Rajesh et al., 2011).The certain
Marketing automation approach- Customer Relations Management (CRM) should develop a vision and plan that outlines the
goals and objectives of the company. So, you need to change the procedures and internal systems so that you can successfully
enforce the approach. Such systems need to be underpinned by a CRM system that integrates contact networks with CRM
software and consumer data repositories. In fact, the expenditure in CRM will provide resources from all three application areas
— integrated, organizational and strategic CRM — in order to serve the four stages of the CRM lifecycle (Gray and Byun; 2001;
Greenberg, 2004; Bohling et al., 2006; Kumar, 2010).

Figure 1: Supply Chain Integration with Capabilities and Operations Third-Party Logistics Providers

Outsourced
Operation

%?}_

PL
p I
In-house Operation @ \m

Shipper

in-house Logistics
Department

Supply Chain Integration with Third-Party Logistics Providers, by Jayanth Jayaram and Keah-Choon Tan, is the research. The
research titled "Supply Chain Integration with Third-Party Logistics Providers" by Jayanth Jayaram and Keah-Choon Tan
highlights four crucial components of supply chain management. Four supply chain management components are identified in
this research as being crucial elements. The degree of these characteristics' believed significance was analyzed between the two
groups of businesses in order to predict company performance. The data backs up the assertion that developing connections,
performance assessment, information integration, and 3PL selection criteria are all positively connected with company success.,
the research demonstrates that companies that involve 3PLs in their supply chain management efforts tend to place a greater
emphasis on these supply chain management structures compared to companies that do not engage 3PLs. This, figure 1
highlights the importance of integrating and leveraging the capabilities of 3PLs to enhance supply chain performance and
achieve better business outcomes (see Figure 1; Gunasekaran and Ngai, 2009; Jayaram and Tan, 2010; Rajesh et al., 2011).

The model created in Strategic logistics outsourcing: An integrated QFD and fuzzy AHP approach by William Ho, Ting He, Carman
Ka Man Lee, and Ali Emrouznejad is chosen as the foundation to use on the automotive sector in order to construct a house of
excellence for 3PL Business after reviewing examines about the 3PL notions (Jayaram and Tan, 2010; Rajesh et al., 2011; Ho et
al., 2015) .

Customer requirements can be accommodated by third-party logistics in the white goods industry using their descriptions
without the need for substantial adjustments. Below are attempts that describe these 8 conditions (Gunasekaran and Ngai,
2009; Jayaram and Tan, 2010; Ho et al., 2015).

1. Lower overall logistics expenses: Rather than focusing on lowering the costs of specific logistical operations, the goal
ought to be to minimize overall logistics costs. Transportation, storage, handling of materials, packaging,
reorganization, and other charges are all included in the overall cost of logistics.

2. Shorten cycle times: Getting 100% of deliveries done on time and cutting down on client wait times may both be
accomplished by getting the correct number of items to the right place at the right time.
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3. Guarantee distribution quality: To guarantee product delivery security and lower the risk of damage and malfunction,
special packaging, devices, and attention are required.

4. Offerspecialized logistical services. Various outsourcing organizations will have different requirements for specialized
logistical services. It is crucial to choose a 3PL that can offer adaptable, custom solutions to match their changing
demands.

5. Increase customer happiness: By maintaining a high level of service quality, the 3PL may assist in increasing customer
satisfaction.

6. Possess cutting-edge hardware and software: The 3PL could assist to increase the competitiveness of the outsourcing
business by possessing both cutting-edge hardware (such as a fleet of vehicles, storing and handling equipment, RFID,
or radio frequency GPS satellite tracking equipment) and software (vehicle routing containers, carrier transferring
optimization software, data transferand reception structures).

7. Capable of giving timelyadvice: This relates to the 3PL's capacity to advise and offerinsights to the outsourced firm in
a prompt, effective way.

8. Effective problem-solving skills: This pertains to the 3PL's capacity to handle issues successfullyand lessen their effects
on the outsourced firm.

Considering some necessary adjustments, 20 assessment elements are adapted to the automobile industry as 15 technical
performance metrics. Performance indicators and measures are crucial managerial instruments for wisely allocating precious
resources for the production of high-quality products and services and maintaining competitiveness in order to succeed in a
global marketplace. Performance measures are shown below (Gunasekaran and Ngai, 2009; Jayaram and Tan, 2010; Ho et al.,
2015);

(1) Proactively reducing costs; (2) Accountability for additional expenses brought through 3PL; (3) Low cost sustainability
leveraging; (4) Shipping Quantity fulfillment consistency; (5) Delivery circumstance; (6) The capacity to meet deadlines for
delivery; (7) Flexibility when it comes to changing the manufacturing capacity; (8) Services offered; (9) Quality, Accuracy, and
Dependability; (10) Knowledge of the industry and Client References; (11) Capabilities of technology-based information
systems; (12) Capabilities for optimization; (13) Size and quality of physical equipment are two aspects of fixed assets;(14) Risk
Capacity for spotting and avoiding possible issues; (15) Financial endurance and strength.

A thorough study of 3PL services is given in "Third Party Logistics (3PL) Market Outlook to 2022 - By Freight Forwarding and
Warehousing 3PL Services and By International Companies and Domestic Companies." The market size for third party logisticsin
Vietnam as a whole, segmentation of the market according to industry (freight forwarding and storing), and market
fragmentation by firms (local and foreign) are the main subjects of this research. The general competitive environment in the
Vietnam 3PL marketplace is also covered in the study. The expert recommendations and market prediction for third party
logistics are included in the conclusion of the report, which also highlights the key potential and risks for the Vietnam 3PL
industry (Holweg and Miemczyk, 2003; Gunasekaran and Ngai, 2009; Jayaram and Tan, 2010; Rajesh etal., 2011; Vietnam Third
Party Logistics, 2023).

2.3. The 3PL Market in Competitive Marketplace

As more businesses throughout the world outsource their logistical tasks to 3PL suppliers because they are reluctant to handl e
their complicated supply chains, third-party logistics outsourcing is rapidly acquiring prominence in the nation. Due to reduced
capacity and greater supply chain combining, which has led to fewer partners for 3PLs and higher costs, competitiveness in the
logistics sector is escalating. Through providing a variety of value-added services to the clients, the businesses operating in the
Vietnam 3PL market compete with one another. DHL Logistics, Damco, FedEx, and APL are the industry leaders. Nevertheless, a
lot of Vietnamese brand names, such Gemadept, Vinafco, and Transimex Saigon, have lately entered the marketplace (Holweg
and Miemczyk, 2003; Gunasekaran and Ngai, 2009; Jayaram and Tan, 2010; Rajesh et al., 2011; Vietnam Third Party Logistics,
2023).

3. FAILURE MODE AND EFFECT ANALYSIS

Failure Mode and Effects Analysis (FMEA) is a versatile and effective method used in various stages of operations, including
product development, process improvement, and service enhancement. It helps identify and evaluate potential failure modes,
their causes, and their effects on products, services, systems, or processes. During the FMEA process, failure modes are
examined individually or in comparative groupings to determine their potential impact. This evaluation involves assigning
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weights or ratings to failure modes based on factors such as severity, occurrence, and detectability. These weights help prioritize
the most critical failure modes and guide decision-making regarding preventive actions. The measurement and evaluation phase
of FMEA is crucial as it helps uncover significant failure modes that require attention. By identifying these outstanding failure
modes, organizations can focus their resources and efforts on mitigating the associated risks and improving the overall
performance and quality of their operations. It's important to note that the specific details and outcomes of the FMEA process,
including the weights assigned to failure modes, may vary depending on the specific context and application. Organizations may
have their own criteria for assigning weights or ratings based on their industry, expertise, and risk tolerance. By addressing
potential failure modes proactively, organizations can reduce risks, enhance product and service quality, improve customer
satisfaction, and increase operational efficiency. Overall, FMEA is a valuable tool for organizations to identify and mitigate risks,
prioritize improvement efforts, and drive continuous improvement in their operations (Ford, 1992; Pillay and Wang, 2003;
Estorilioand Posso, 2010).

In the early years of FMEA analysis, its use was more common in technical issues such as product design, but later it shifted to
system, process and service designs and development and improvement applications. FMEA is a tool used to detect and
prevent problems that may arise in the design, service and process stages before they occur. In FMEA applications, errors that
may arise are identified and eliminated before they reach the Customer (Denson, 1992; Yilmaz, 1997; Dizdar, 2001; Elitas and
Eleren, 2007). It is a systematic approach to analyzing the causes of product and service defects. The preventive quality strategy
has many tools for error prevention, virtual prevention of the probability of occurrence of a defect that has not fully occurred,
error proofing, performance failure, consequences and risk. These tools apply to both proactive and reactive defect types. FMEA
focuses on the type of failure (fatigue, leakage, kink, fracture, too salty, eraser stain, pencil stain), mechanism, effects. FMEA is a
tool to identify problems that may arise in the design, service and process stages before they occur and to take actions. Errors
that may arise are identified and eliminated before they reach the customer. It can be based in 2 ways (Dale and Shaw, 1990;
Ford, 1992; Sahni, 1993; Yilmaz, 1997; Dizdar, 2001).

- To bring the customer's value definition to the system by making use of previous data
- Deciding on the state of the process based on statistical data.

In preventive applications, FMEA is indeed a flexible and valuable tool for analyzing and improving products, services, systems,
and processes in their early stages. It allows for the identification and evaluation of potential failure modes and their associated
effects, enabling proactive measures to be taken to prevent or mitigate them. FMEA is adapted to focus on error prevention.
Often, the failure type is thought of as the physical description of the failure, whereas the failure mechanism relates to the
process that produces the failure. FMEA seeks methods to find and identify possible failure modes, mechanism, effects or
consequences indicating failure modes, and preventive tools. Product and process action plans are used to eliminate significant
types of defects resulting from an effective FMEA study. Nowadays, it is seen that studies are carried out in combination with
methods such as fuzzy logic, multi-criteria decision making, artificial neural networks, simulation, etc., which have recently
become widespread. An example is the use of Analytic Hierarchy Process or Fuzzy TOPSIS methods from multi-criteria decision-
making methods in the calculation of the risk priority indicator, which is an important part of the FMEA analysis, and the ranking
of risk factors accordingly. FMEA is more effective at the following points: Systematic evaluation of the product or process at
certain levels of system complexity, assumption of individual failures, identification of possible failure mechanisms and
determination of their respective effects, probability and preventive measurements of occurrences, adverse situations caused
by potential failure to fulfill the product or Process ( Dale and Shaw, 1990; Sahni, 1993; Yilmaz, 1997; Dizdar, 2001).

Three factors are taken into account when examining defects with FMEA. These are: Occurrence (frequency), Impact (severity),
Detection (detection). In line with these three factors, the Risk Priority Indicator (RPI) of the failure in question is calculated. RSI
is an indicator of criticality ranging from 1 to 1000. By calculating this number, the error sources that need to be addressed first
are identified and corrective actions are performed in this order. The aim is to develop a variety of preventive actions to move
the RPI towards 1. For an FMEA exercise to be optimally effective, the work should be initiated at the earliest possible time.
However, this is often not done due to insufficient available data and the FMEA study is never started. This has detrimental
consequences, especially for organizations implementing total quality management philosophy. The support of the
management should definitely be provided before starting the FMEA application. Considering that FMEA is a team work, the
animator (motivator) should emphasize the rules to be followed during the meetings in order to keep the FMEA project group
alive until the end of the project. When forming the group, it should be ensured that everyone related to the process to be
examined is included in the group. In this way, more objective results can be achieved. It is generally accepted that there are
four types of FMEA. Accordingly, FMEA: System FMEA, Design FMEA, Process FMEA and Service FMEA (Denson, 1992; Gilchrist,
1993; Teng and Ho, 1996; Yilmaz, 1997; Dizdar, 2001; Seung, 2003; Eryiirek and Tanyas, 2003; Baykasoglu et al. , 2003; Teoh
and Case, 2004; Elitas and Eleren, 2007).
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When developing or improving systems, processes, methods, models, services or products, FMEA is a method developed to
identify and rank existing or potential types of errors/risks in advance and to set priorities in the improvement/development
phase. The FMEA method is a simple but effective method applied to identify, classify, eliminate or prevent potential
failure/risk types and reduce their effects. Risks or changes in products or processes are usually caused by the variability of
inputs. Variability can be categorizedin two groups (Denson, 1992; Elitas and Eleren, 2007). These are general variability arising
from the natural structure of the processes themselves and special variability arising from a number of unexpected effects.
While general variability affects the whole mass, special variability affects only a limited structure. Although FMEA studies are
aimed at the management of variability in both groups, the primary goal is to eliminate or reduce the variability in the second
group (Gilchrist, 1993; Teng and Ho, 1996; Seung, 2003; Teoh and Case, 2004).

Sinha et al. utilized FMEA to content datasets tosupport party logistics reduces the energy needed for transportation, enhances
to support the seriousness of risk criteria, which includes the airline/aircraft generating Supply chain, (Sinha et al., 2004).
Utilization for the medical industry includes FMEA implementations, which describe the risk of each stage of reverse logistics
actions (Kumaret al., 2009). This idea allows for the analysis of risk arranging while considering reasonable monitoring of drugs (
Van Leeuwen et al., 2009). In order to broaden his research and evaluate the impact of invisible failures, such as consumer
complaint and the failure of bazaar proportion including the volume of service levels, Chuang (2010) examined and revealed the
126 influences of demands and objectives.

FMEA enables the identification and calculation of risks and unfavorable outcomes. FMEA, nevertheless, has a wide range of
application stages and is a challenging assessment technique for preventing failures through roughly assessing the important
risks. FMEA is a powerful method for identifying and assessing risks and potential adverse outcomes. It provides a structured
approach to systematically analyze potential failure modes, evaluate their effects, and determine the associated risks. (Chin et
al., 2009; Wang et al., 2009; Liu etal., 2013).

The advantages of the system FMEA are given below (Franceschini et al., 2001; Pillayand Wang, 2003; Chin et al., 2009);

(i) improving the project's overall quality, dependability, and safety. (ii) Boosting client happiness and provide for it. (iii)
Cutting down on the time, money, and resources spent on product or system improvement. (iv) Determining the order of
importance for design or development of processes tasks. (v) Looking at all possible failure modes, their impacts, and
commonalities across all goods and processes. (vi) Offering an analysis of the design requirements and design options. (vii)
Aiding in the defining of possible, vital, and crucial traits. (viii) Offering feedbackon new manufacturing or research processes.
(ix) Continuing an extensive brainstorming session for failure prevention. (x) Improving and realize the explanation of
preventative measures. (xi) Identifying and keep monitoring on the infrastructures that reduce risk.

3.1. Failure Mode Effect Analysis (FMEA) Elements and Calculation Method

The objective of this research is to identify advancements and improvements that can enhance logistics systems and propose
effective delivery structures and attributes for system populations. To achieve this, the study incorporates the analysis of Failure
Modes and Effects Analysis (FMEA) and the utilization of Pareto Analysis (PA) to control and prevent potential failures in the
third-party (3PL) logistics for Supply Chain Management (SCM) in the white goods industry. Building on previous research, the
study aims to develop specific business assessment criteria that are relevant to sustainability for third-party (3PL) and fourth-
party (4PL) logistics service providers in the white goods industry. These criteria will then be applied using the FMEA approach to
evaluate the sustainable development of the Supply Chain for XYZ White Goods Manufacturing Company, considering the
involvement of Party Logistics providers in Turkey. Additionally, the research includes a sample study focusing on process failure
types and impact analysis to proactively prevent potential failure types encountered in the logistics department. The aim is to
ensure the sustainability of third-party logistics within the scope of the Supply Chain in a white goods manufacturing enterprise
located in the Marmara region. By combining FMEA and PA, the research intends to provide valuable insights into identifying
critical factors and mitigating risks in the 3PL logistics and processes OF SCM. The ultimate goal is to enhance the sustainability
and performance of the logistics systems within the white goods industry.

Weak/strong sustainability: trade-offs and minimal standards- the idea of include governance as a fourth dimension has been
floated. Systems for supply chain management have a wide range of implications on ecological, social, cultural, and economic
factors as well as on land use and urban situations. The provision of sustainable transportation system actually depends on
these elements.

The aim of FMEA is to sort the failure modes in order of importance, three indexes are defined for each failure mode: the
occurrence rating (0), the severity rating (S), and the detectability rating (D). A ten-point scale is used to score each category,
ten being the number indicating the most severe, most frequent and least detectable failure mode, respectively.
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The priority of a failure mode is determined through the Risk Priority Number (RPN), which is defined as the product of the
Occurrence (0), Severity (S) and Detection (D) of the failure,

Those potential causes, with high RPN values, are selected for the corrective action to reduce the risk of failure occurrence.
Risk priority Number (RPN) for FMEA; is calculated by multiplying the Occurrence (O), Severity (A), and Detectability (S) levels
RPN= S(Severity)* O(Occurrence) * D(Detectability) (1)

The probable issues including high Risk Priority number (RPN) variables are preferred in order to decrease the risk level of the
failure situations for the suitable action. Concentration is also presented to the components of a system, where failure could
construct unfavorable consumer opinion and loss of business prestige. Risk priority levels (RPL) or numbers (RPN) for FMEA - Eq.
(1) is measured by accumulating the Occurrence (0), Severity (S), and Detectability (D) levels (Chin et al, 2009; Xiao et al, 2011;
Suetal, 2012).

To reduce the chance of failure scenarios preventing appropriate action, likely issues with high RPN variables are chosen. The
parts of a system also require attention since failure might result in a negative consumer perception and a loss of corporate
status. For FMEA Eq. (1), risk priority levels (RPL) or numbers (RPN).

Severity (S) : The importance of the influence on consumer circumstances frequently leaves little room for action outside of
building innovative system fundamentals or reassessment structures.

Occurrence (0O): Frequency with which certain occasions, problem, and failure modes are generated (or perhaps this could
happen).

Detectability (D): The capacity of the current oversight and disciplinary methods to find earlier or subsequent growth, the
occurrence of a stated cause.

According to Table 1, the three components O, S, and D have the abilityto be evaluated using point sequences that range from 1
to 10. Higher RPN failures are implied to offer greater significance and necessity and may be claimed to have higher
preferences.

3.2. Risk Priority Number

Risk Priority Number (RPN) shows the relative likelihood of a failure mode, in that the higher the number, the higher the failure
mode. It must be calculated for each cause of failure. From the RPN, a critical summary can be drawn up to highlight the areas
where action is mostly needed. Regardless of the resultant RPN, special attention must be given to any cause of failure with a
severity rating of “9” or “10”. The higher the RPN, the higher the priority for taking action to mitigate or eliminate the
associated failure mode. It helps in identifying the failure modes that require immediate attention and allocation of resources
for improvement. While it is essential to address failure modes with high RPN values, it is equally important to pay special
attention to failure modes with severity ratings of "9" or "10". These severity ratings indicate that the failure mode could have
severe consequences, potentially leading to significant impacts on safety, quality, or other critical aspects of the system or
process. By highlighting the failure modes with high RPN values and focusing on those with severe consequences, organizations
can prioritize their improvement efforts and allocate resources effectively to address the most critical risks. As shown in Table 1,
On a rating system of 1 to 10, the three RPN components, occurrence (O), severity (S), and detection (D), could be rated. The
likelihood that the failure mode may occur increases with increasing RPN. Corrective steps ought to be given priority to failure
scenarios with greater RPNs.

The Three Factors of System FMEA: S (Severity), O (Occurrence) and D (Detection) Table 1 was modified from Slinger’s research,
the literature of FMEA subject, opinions of experts of this sectors, author and applied to the application of this research. For all
fatal failure causes at the root, the RPN is taken into account. The bigger the statistics variable, the greater the failure mode,
with this value defining the connection likelihood of a failure mode. A large overview might be carried up to highlight the
subjects, corresponding the RPN, where the procedure is often necessary. Despite the impact RPN, every component of failure
may be given special concern by receiving a severity rating of "9" or "10" (Ford, 1992; Van Leeuwen et al., 2009). The firm should
ensure that the fundamental flaws are removed from the detection after generating RPN values arithmetically. There are three
options, which undoubtedly encompass (Sankar et al., 2001; Pillay and Wang, 2003). The firm should ensure that the
fundamental flaws are removed from the determination after computing RPN values arithmetically. Three options are available,
including (Sankar et al., 2001; Pillay and Wang, 2003).

(i) Reduce the likelihood that the failure could happen or show up, (ii) eliminate the problem as a whole via an arrangement
change, (iii) increase the prospects for finding around developmental quality control.
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Table 1: The three factors O(Occurrence), S(Severity) and D (Detection) of System FMEA
(modified by opinions of experts of this sectors and author from Slinger, 1992)

Detection
5 Occurrence
. Severity How well can you detect the cause or
Rating . How often does the cause or . .
How severe is the effect on the customer? X the failure mode before passing to
failure mode occur?
next step?
Serious hazard to people or . Almostimpossible to detect, no
10 . Very high chance of occurence .
damage to equipment controls in place
Loss of primary function- serious of medium
9 level P y High repeated failures Impossible chance of detection
3 Loss of primary function- serious of normal | Medium High repeated Medium chance of detection (less
level failures than high)
2 Customer dissatisfied, disruption to Moderate chance of Low chance of detecting, may have
business occurence some controls in place
Loss of secondary function- medium level Moderate failure Moderate chance of detection
Loss of secondary function-normal level Occasional failure Good chance of detection
Customer may notice but only minor High chance of detecting,
4 . . - . Low chance of occurence .
concern, minor disruptilon to business controls are in place
3 Minor effect Less Low chance of occurence | Higher chance of detecting
2 Less Minor effect Failure unlikely More High chance of detecting
Almost certain to detect, reliable
1 No effect Remote chance of occurence .
controls are in place

With the help of failures and their sub-failure components, a fault tree structure was developed. On the FMEA form, the
potential severity, likelihood, and detectability levels of various failure modes have been established and noted (Zairi and
Duggan, 1999; Franceschini and Maurizio, 2001). Risk Priority Levels (RPL-RPN) were derived from these reported values. These
estimated values have been arranged according to the level of danger, and preventive research has been done to lower the
danger Priority Levels. Observing the development operations, performing a fresh evaluation of the severity, occurrence, and
detection values, and computing a new RPN value are all undoubtedly options. The unpredictability of the mode's fall is greater
the higher the RPN value, and this mode ultimately asks a higher configuration for enforcement (Franceschin and Maurizio,
2001; Chang and Sun, 2009; Chin et al., 2009).

3.3. Implementing FMEA and Calculating Risk Priority Levels (RPL) in Quality-Oriented System Design

For the purpose of addressing potential risk variables and challenges that may arise during the design, process system, and
application of the quality focused system design, it is important to conduct failure control, quality analysis, social, economic, and
ecological sustainability, among other dominations, at each stage of production system concentrated quality-oriented science
and technology system design. This reality necessitates the implementation of an effective risk execution strategy for both the
dimensions and the goals of these flaws. This inquiry and its directives will provide a sound framework for the upcoming
investigations to be planned on dimensional frameworks while enabling the seamless development of adopted quality-based
investigations. This comprehensive approach ensures that the design and implementation of the quality-oriented science and
technology system align with desired outcomes and minimize potential flaws. To achieve this, it is important to implement an
effective risk execution strategy that encompasses the dimensions and goals of these potential flaws. By incorporating risk
management practices and risk mitigation strategies, organizations can proactively identify and address risks throughout the
production system. This inquiry and its directives aim to provide a solid framework for future investigations, focusing on
dimensional frameworks that enable the seamless development of quality-based investigations. By emphasizing quality-oriented
research and development, organizations can continually improve their systems and processes, ensuring better outcomes and
sustained success. By integrating the principles of failure control, quality analysis, and sustainability considerations,
organizations can enhance their understanding of potential risks, address them effectively, and drive continuous improvement
in their quality-focused system design.

The Failure Mode and Effects Analysis (FMEA) table, as shown in Appendix 1, serves as a valuable tool for conducting a
comprehensive evaluation of potential risk aspects and failures in fundamental investigation applications and engineering
measurements. It provides a structured framework to identify and analyze potential failure modes, their causes, effects, and
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associatedrisk levels. The FMEA table typically includes columns for different parameters such as the failure mode description,
potential causes, current controls or prevention measures, detection methods, severity of the failure mode, occurrence
probability, and the resulting Risk Priority Number (RPN) or Risk Priority Level (RPL). These parameters allow for a systematic
assessment of the risks associated with each failure mode and prioritize them based on their potential impact.

Evaluations for these investigations determining via FMEA methods and in accordance with experts' experience form Risk
Priority Numbers- Levels (RPN-RPL) table (see Appendix 1). The RPN or RPL values in Appendix 1 indicate the relative priorities or
levels of risk for each failure mode. These values are calculated based on the severity, occurrence, and detectability ratings
assigned to each failure mode during the FMEA process. The higher the RPN or RPL, the higher the priority for taking corrective
or preventive actions to reduce the associated risks. Additionally, you mentioned the importance of business requirements in
guiding the project and ensuring alignment with client or market needs. Business requirements specify the goals and objectives
that the client, corporation, or project team wants to achieve. These requirements serve as a framework for the project, guiding
the development of functionality and specifications that meet the market demands. It's important to note that business
requirements alone may not provide sufficient information for developers to determine exactly what to build. This is where
additional inputs, such as technical specifications, user feedback, and collaboration with the project team, come into play to
define the detailed requirements and guide the development process effectively. Business requirements evaluate the business
goals that the client, corporation or project team wishes to achieve. The business objectives set a guidance framework for the
remainder of the project. All other functionality and specifications of the company should comply with market requirements.
Company specifications therefore do not have adequate information to tell developers what to build. By utilizing FMEA and
considering business requirements, organizations can identify and address potential risks and failures, align their project
objectives with market needs, and ensure that the final product or solution meets the desired standards and expectations.
FMEA table is a valuable resource that promotes a thorough evaluation of potential risks and failures, helping researchers and
engineers make informed decisions and take necessary actions to enhance the quality and reliability of their investigations and
engineering measurements.

4. PARETO ANALYSIS

The range of the data may be divided into groups to create a pareto graphic. In a Pareto chart, the frequency or count of each
category is plotted on the left vertical axis. The categories are listed on the right vertical axis. The categories are typically sorted
in descending order based on their frequency or impact, with the most frequent or impactful category at the top. The bars
representing each category are arranged from left to right in decreasing order of frequency or impact. The cumulative frequency
is also shown as a line graph, usually plotted against a secondary vertical axis on the right side. The Pareto chart provides a
visual representation of the distribution of the categories and helps to identify the vital few categories that contribute the most
to the total count or impact. This allows decision-makers to prioritize their efforts and focus on addressing the most significant
issues or factors. The frequency vertical axis on the pareto chart's left side lists the total counts for each category. The
collective names of the response variables are indicated on the pareto chart's right-side vertical axis (Akin, 1996; Akin and
Ozturk, 2005).

This approach entails investigating the root causes of issues in order to promote a workable solution. This method often follows
the 80/20 rule. The visual aid used in Pareto analysis is the Pareto diagram. Quality oriented process development is applied in
this study. In the implementation critical risk value is chosen as 80 %.

Pareto analysis (PA) focused on failures and risks that could happen when designing transportation-based sustainable
engineering projects and ranked according to the severity of the risk factors with regard to the nature of each risk factor, and
calculated values of relevant percentage. In this investigation, quality-oriented development of processes is used. The critical
risk threshold for implementation is set at 80%. These failure modes (critical risks) are unacceptable risk factors. It must be
absolutely avoided, in taking measures. Due to the severity of the risk variables in relation to the features of each risk
component, Pareto analysis rated potential failures and risks which may occur while planning transportation-based sustainable
engineering initiatives and computed values of pertinent percentages.
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Table 2: Designed Pareto Analysis in Sustainability Assessment of Party Logistic Providers
(XYZ White Goods Manufacturing Business)

# of Prri{;ikty Percentage of Cumulative of
Failure | Failure Modes Potential percentage of Situation
Number RPN
Modes (RPN) RPN
1 1 Industry knowledge and References 175 Unacceptable
from current customers 14,286 14,286 Risk
5 10 Risk Ability in identifying and 150 Unacceptable
preventing potential problems 12,245 26,531 Risk
3 5 Improve transportation consistency 150 Unacceptable
12,245 38,776 Risk
Stock accounting Unacceptable
4 g = 12,245 51,020 Risk
5 5 Return on total assets Sales over assets 120 Unacceptable
9,796 60,816 Risk
6 3 Assure quality indistribution 100 Unacce_ptable
8,163 68,980 Risk
Increased microbial activity in food
7 8 due to inappropriate temperature in 100 Unacceptable
transport vehicles 8,163 77,143 Risk
3 9 Chemical contamination of belts due to 100
poor rinsing after cleaning 8,163 85,306 Medium Risk
Contamination of the product with
9 7 chemicals used in storage area cleaning 80
and carcinogenic effect 6,531 91,837 Medium Risk
10 4 Able to provide guidance on time 64 5,224 97,061 Medium Risk
11 1 Foreign material contamination during 36
stacking and storage 2,939 100,000 Medium Risk

In the framework of quality-oriented engineering research as seen Table 2, eleven points of control that might serve risk criteria
are evaluated between existing control dimensions that could enhance risk dimensions, of which four are designated as Medium
Risk degrees. These are little significant and there are benefits in taking measures. In the context of quality-oriented engineering
research, the evaluation of eleven control points that can address risk criteria is crucial. Among these control points, four have
been identified as having a Medium Risk level. While these risks may not be highly significant, there are still benefits in taking
measures to address them. Identifying and evaluating risks in the early stages of engineering research is essential for ensuring
the quality and reliability of the final product or process. By addressing these risks, you can prevent potential failures, improve
performance, and enhance overall system effectiveness. Taking measures to mitigate even moderate-risk factors is important
because they can still have an impact on the overall quality and performance of the system. Addressing these risks helps to
minimize potential issues, increase efficiency, and reduce the likelihood of failures or negative outcomes. Implementing control
measures for medium-risk factors demonstrates a proactive approach to risk management and highlights the commitment to
delivering high-quality results. It allows for better control over the variables that can affect the system's performance and helps
to ensure the successful implementation of quality-oriented engineering research. By evaluating and addressing risks, including
those with medium significance, you can enhance the overall effectiveness and reliability of the system, leading to improved
outcomes and increased stakeholder satisfaction (see Table 2).

The preventative measures that have been supplied will be evaluated for lowering the high and medium risk variables that are
specified by providing referencing in the Failure Mode and Effects Analysis (FMEA) application. Risk Priority Level variables are
determined to be lower as a result of the substantial protective actions stated in the FMEA, particularly during quality-oriented
engineering investigations. Therefore, it is intended that high and medium risk factors be eliminated for the benefit of the
advancement of research in a proper and healthy manner. The PA is added on top of the Failure Mode Effect Analysis and
addresses the 75-80% important demanding barrier risk measurement. Combining FMEA and PA provides a comprehensive
approach to risk management and improvement. It helps researchers and practitioners identify and address the most significant
risks that have the potential to hinder progress or impact the desired outcomes. By prioritizing and mitigating these risks, the
research can proceed in a more effective, efficient, and reliable manner. Overall, the integration of FMEA and Pareto Analysis
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allows for a systematic and targeted approach to risk reduction and problem-solving, ensuring that the research progresses in a

robust and healthy manner.

Figure 2: Pareto Analysis (PA) Chart for Assessment Logistic Sector
(Sustainability of Supply Chain-white goods business System Problem) in Turkey

Risk Priority Number (RPN)

[

Risk Priority Number (RPH) 175 150 150 15

The pertinent schematic is displayed in Figure 2 and Appendix 1 and Table 2.

order of importance while creating and making modifications to engineering

ordered failures and oversights:

= Industry knowledge and References from current customers

= RiskAbility in identifying and preventing potential problems

. Improve transportation consistency

= Stock accounting

. Return on total assets Sales over assets

= Assure quality in distribution

20,000

40,000

As a result, the following are listed in priority
studies that are quality-focused and seeking

= Increased microbial activity in food due to inappropriate temperature in transport vehicles

The previously mentioned issues are found to keep out in the group of high-risk ones. When determining and evaluating the
high-risk level supporting failure point sources in a Pareto analysis, conformance with 80% threshold risk variable, the first seven
failure point sources precedence. This method aids in identifying the top 20% of reasons that must be addressed in order to fix

the other 80% of issues.

Figure 3 demonstrates the trend observed in the Risk Priority Numbers-Levels (RPN-RPL) of identified potential errors in the
system before and after implementing preventive measures as part of the FMEA procedure. The initial assessment of the RPN
values indicated a high level of risk associated with these failures. However, after conducting the second risk analysis, which
involved reviewing and implementing preventive measures, a diminishing trend in the RPN risk levels is observed. This
diminishing trend suggests that the actions taken based on the preventive measures have been effective in reducing the
severity, occurrence, and detectability of the identified failures. As a result, the overall risk associated with these failures

decreases, leading to lower RPN values.
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Figure 3: Before and After the FMEA Critical Risk Values (Risk Priority Numbers-RPN) Graphical Representation
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Exactly, the declining trend of RPN indicates that the implemented preventive measures have been effective in mitigating risks
and improving the system's performance. The FMEA procedure allows for a systematic analysis of potential failures, their
impact, and the implementation of preventive measures to reduce associated risks. By assigning RPN values to failure modes
and continuously monitoring them throughout the FMEA process, you can track the progress in risk reduction. This helps in
identifying the most critical failure modes that require immediate attention and prioritizing the allocation of resources for
preventive actions. The declining RPN trend signifies that the implemented preventive measures have successfully reduced the
likelihood and severity of potential failures. It indicates that the system's performance is improving and moving closer to the
desired standards and objectives. Regularly evaluating and updating the FMEA analysis allows for ongoing improvement and
ensures that the system remains robust and resilient against potential risks. It provides valuable insights into the effectiveness
of the preventive measures and helps in identifying any areas that may require further attention or enhancement. Overall, the
declining RPN trend in the FMEA process is a positive indication of the system's progress in risk reduction, highlighting the
successful implementation of preventive measures and the continuous improvement of the system's performance. This allows
for the identification of areas where further improvements can be made and helps prioritize actions to address the remaining
risks. Overall, Figure 3 provides visual evidence of the positive outcomes achieved through the application of the FMEA
procedure and highlights the importance of proactive risk managementin enhancing system reliability and performance.

Managing the assets is different from FMEA, which is a classified decision perspective that could not be done on subjective
foundation. Group elements from an FMEA might provide a unique evaluation approach. Risk factors are compiled in a most
undoubtedly nonlinear manner that neither extends the scope of the risk aspects nor serves as their fundamental component. If
this framework is necessary, other risk factors may be implicated. The recommended FMEA is applicable to a variety of risk
criteria and is not just limitedto O, S, and D.

In order to support the risks items being focused on the priority regulation of significance and the development studies for these
researches to be focused on and made expeditiously, FMEA analysis plays a significant role in sustainability researches,
particularly during the design stage of research. It appears that there might be some repetition in the provided statement.
However, based on the information provided, it is clear that FMEA analysis plays a significant role in sustainability research,
particularly during the design stage. The identification and prioritization of risk factors through the RPL are important for the
sustainability of lifecycle studies. Figure 3 demonstrates the diminishing tendency of high-Risk Priority Levels (RPN) following the
implementation of preventive measures as part of the FMEA procedure. This indicates that the actions taken after reviewing the
preventive measures have been effective in reducing the risk associated with potential failures. The presence of the first seven
important risk factors suggests that these factors require special attention and should be addressed promptly. The FMEA
procedure provides a suitable approach for specialists in their field who are conducting development research.
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5. CONCLUSION

Process improvement and development methods are frequently used in studies aimed at increasing productivity, performance
and quality, as well as reducing transaction times, losses and costs. When target costs are exceeded due to past problems in
target costing applications, implementing process improvement and development methods becomes essential to effectively
control and reduce costs. In this context, if our target costs are exceeded due to some problems experienced in the past in
target costing applications and these problems, process improvement and development methods can be applied to control and
reduce costs. FMEA provides us with very easy but very useful data in terms of use and interpretation. Through the application
of FMEA, organizations can identify potential failures in their processes, evaluate the severity and impact of each failure,
determine the likelihood of occurrence, and assess the effectiveness of current controls or preventive measures. This
information can then be used to prioritize improvement efforts and allocate resources effectively to reduce costs and enhance
overall performance.

By utilizing FMEA alongside other process improvement and development methods, organizations can streamline their
operations, identify areas for optimization, and make informed decisions to achieve their target costs while maintaining or
improving the quality of their products or services.

FMEA constitutes the beginning of these methods, functionally evaluating past systems or processes, evaluating possible risks
with the help of past statistical or experience-based data, and seeking answers to the question of which risks should be spent
primarily to remove our scarce resources such as time, money and energy.

In this study, the risks that negatively affect the service status, do not bring profitability and increase costs have been identified,
taking into account the past data and experience of our sample business. The study is based on a qualitative basis, so the
relative valuation of the person or persons making the valuation directly affects the results. In addition, the accuracy of the data
on recurring risks in the past is another influencing factor. The continuation of this research is the process improvement and
development application. At this stage, the risks ranked according to the RPN scores given in Table-6 will be evaluated in order
of importance. However, this will be discussed in another study. FMEA analysis is a method that can be used in many studies
such as product, technology development, method, process improvement and development, reorganization, etc. It is foreseen
that our study will contribute to the literature for the dissemination and development of such met. In this study, the risk factors
that adversely affect logistics activities within the scope of supply chain management were identified and ranked with the FMEA
method. As a result of the evaluation of the individual weights of the risk factors by taking into account the Risk Priority
coefficients, the relative weight of the risks occurring in the measurement and evaluation phase stands out.

The results obtained from the Failure Mode and Effects Analysis (FMEA) provide valuable insights into the potential risks and
failures in logistics activities. These results serve as the first step in the process improvement phase, allowing for the
identification of areas that require remedial measures and further studies. By prioritizing the risks based on their Risk Priority
Number (RPN) scores, resources can be allocated efficiently. Focusing on the most significant risks allows for effective utilization
of scarce resources such as physical facilities, time, and money. By addressing the high-risk areas first, organizations can
maximize the impact of their improvement activities and achieve more effective results. The improvement activities initiated
based on the FMEA results aim to mitigate the identified risks, prevent failures, and enhance the overall performance of the
logistics activities. Remedial measures can be implemented to eliminate or minimize the potential failure modes that have high
RPN scores. This targeted approach ensures that the improvement efforts are directed towards the most critical areas,
maximizing the chances of success. Continued improvement activities, guided by the FMEA results, enable organizations to
refine their logistics processes and achieve higher levels of efficiency, reliability, and effectiveness. By systematicallyaddressing
and reducing the identified risks, organizations can enhance their operational performance, optimize resource utilization, and
improve overall customer satisfaction.

In summary, FMEA results provide a foundation for process improvement in logistics activities. By focusing on the most
important risks identified through the analysis, organizations can allocate their resources effectively and achieve more
significant improvements in their logistics processes. FMEA can be easily applied in the early stages of product, service, system
and process development/improvement activities and provides useful results. With the initial work to be done to improve the
process, improvement activities and resources should be allocated according to this level of importance. Since the
opportunities to be allocated for improvement development are limited, all risk factors may not be realized within a certain
process. It is aimed to develop continuous improvement by repeating risk preventive studies according to the priorities to be
determined each period.
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ABSTRACT

Purpose- Firstly, this paper examines how current measurements of consumer confidence mightbe used to forecast future household spending
by using economicvariable (i.e. unemployment rate, national adjusted income per capita) data in China, with the help of statistic tools (i.e. Python
and Pandas) for the job of data cleaning and analyzing. Secondly, | will focus on the ways in which businesses alter their marketing mix in the face
of economic hardship tosurvive by understanding the importance of utilizing effective marketing strategies during economic downturns.
Methodology- This paper examines the predictive performance of consumer confidence index on change in consumption growth by constructing
three different OLS regressionmodels and by integrating several existing proposals for effective marketing strategies for bu sinesses in times of
low consumer confidence to help business managers to make wise and effective response to economic downturns.

Findings- It is shown both 1 year lagged consumer confidence and 3 years lagged consumer confidence are good predictors for current change in
consumption patterns, whereas 2 years lagged consumer confidence shows negative correlation with consumption change, and consumer
confidence have their own predictive powerregardless of the macroeconomic variables.

Conclusion- Therefore, this paper contributes to the existing literature by providing empirical findings that consumer confidence cannot always
fulfill the role of anticipating consumption change and by further providing concrete policy recommendations for consumer con fidence’ revival
during recessionsin an effortto fill the gap.

Keywords: Consumer confidence, marketing, consumption, consumer behavior, forecasting.
JEL Codes: B16, B22, E21, E27, M21, M31

1. INTRODUCTION

Consumption makes up the majority of GDP in virtually every economies and is thus crucial to comprehending the
dynamics of economic activity. The private consumption in China is increasing in recent decade as it plays an important
role in Chinese economy ( Figure 1). However, information about the economy’s true state is released with a significant
delay. For this reason, timely data, such as consumer confidence indices, can serve as useful predictive signals of long
term economic development. The Survey Research Center (SRC) at the University of Michigan in the United States developed
the index of consumer sentiment in the 1940s to empirically quantify the confidence of consumers. Consumer confidence
indexes were later introduced by the Conference Board of Canada in 1967. Both indices have proven to be remarkably
beneficial due to wealth of data provided by end users. In the middle of the twentieth century, consumer confidence index
became a standard economic measure due to the strong correlation between consumer confidence and household spending.
Consumers may be less likely to spend money if they are experiencing the effects of a tight financial situation or have
pessimistic expectations about their future family’s financial state. This follows the Precautionary Savings Theory, which
theorizes that when income is uncertain, people will accumulate more assets. Accordingly, we should see more current
spending in comparison to future spending when consumer confidence is strong, since the former predicts the latter. As
a result, the traditional life- cycle or permanent-income theories of consumption are not contradicted by the concurrent
association between consumer confidence and private consumption. Neither does it automatically simplify the task of
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predicting future spending patterns. From the perspective of an economic prognosticator, it is of importance to determine
whether consumer confidence has any independent predictive power for future changes in household expenditure, and how
business can adopt effective marketing strategies to survive during the economic downturns.

Figure 1: China’s Private Consumption: % of GDP, 2011-2020
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The consumer confidence index’s most valuable characteristic is that it serves as the first piece of publicly available data on
consumer behavior, making it an essential instrument for understanding the factors that ultimately determine the level of
real consumption. For this reason, it is used by most economic agents in their predictions (i.e. the stock market responds
swiftly to the official launch of the consumer confidence index because it reveals future consumption and growth).
Understanding the factors that influence this index could also help us draw more accurate conclusions about its relevance
to household spending. Noticeably, the consumer confidence index has become increasingly vital in recent years, despite
the fact that its major determinants remain unclear. The widespread agreement about the index’s ability to explain variance
in real consumption trends validates this finding. There is a rising number of scholars demonstrated that real consumption
estimations are strengthened by the use of the consumer confidence index. This finding appears to hold true for numerous
nations around the world, including the USA (Desroches & Gosselin, 2002), the EU ( Demirel & Artan, 2017), Turkey (Karasoy
Can & Ylncller, 2018), Belgium (Beltran Lopez & Durré, 2003), Brazil (Ghosh, 2020), Nigeria (Oduh et al., 2015), South Africa
(Khumalo, 2014), and Croatia (Kuzmanovi¢ & Sanfey, 2012).

Between 2000 and 2022, the complexity of commercial markets increased. The correlation between consumer
confidence index and private consumption can be affected by a number of external factors, including financial instability
and stock market volatility (Figure 2). The housing bubble in the United States, which exploded in 2008 due to the
subprime mortgage crisis. Global economic instability was exacerbated by a decline in US dwelling-related assets.
Canadians life was transformed because of the country’s close ties to the United States. Meanwhile, the stock market’s
dismal view is a fundamental result of the economic recession. As a result, the correlation between consumer confidence
index and household spending may weaken as the stockholders, which are the consumers, takes on greater risk. However,
there is debate about whether or not consumer confidence actually helps anticipate future consumption expenditures. In
reality, it has been shown through out-of-sample forecasting exercises (e.g. Bram & Ludvigson (1998); Ludvigson (2004))
and Croushore (2005) that confidence does not add statistically significant information to that included in other
macroeconomic and financial variables. The majority of these investigations rely on information collected in the United
States.

According to Ferrell & Hartline, ”if businesses want to succeed, they need to create a plan or road map” to get there
(2002)” . The ever-evolving situation serves as the starting point for any effective marketing plan. Finding the optimal
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marketing mix is crucial for any successful company. It is widely known that the four components of a successful marketing
strategy are the “4Ps” (Product, Price, Place, and Promotion) (Wang, 2006). According to Nilson (1995), market leaders
and challenger brands are treated differently when it comes to developing a strategy in a dynamic market. While market
leaders must move with the flow and gradually adjust to the new circumstances, innovative challengers might use the
situation to their advantage by rapidly adapting to new circumstances. The market is volatile, and in times of crisis or
other environmental shifts, businesses need to adjust their strategy and marketing mix to maintain or increase their market
share. Kieth Roberts (2003) presented research showing that businesses that maintain or raise their marketing spending
during a recession perform much better than those who cut costs, both during and after the recession.

Figure 2: China’s Consumer confidence index, 2000-2022

Consumer confidence index (CCI)

Source: OECD(2023). Business tendency ad consumer opinion survey. Main economic indicators database. www.oecd-
ilibrary.org/economics/data/main-economic-indicators/business-tendency-and-consumer-opinion-surveys data-00041-en

Given that the marketing mix, or 4Ps, is the medium through which businesses implement and adapt to their strategies.
Companies must consider marketing strategies prior to and during a recession if they are to become resistant to external
shocks or emerge from it successfully. Numerous studies have examined the relationship between marketing techniques
and economic downturn, but they all take a slightly different approach. Latham and Braun (2009) state that despite the
extensive literature on recessions, only a handful of studies have explored the problem of how to assist businesses during
a crisis. Based on the past studies, the performance of firms in dealing with the business risks and challenges posed by the
Covid-19 crisis is highly correlated with the degree to which these firms have implemented successful marketing techniques
and strategies (Fuciu, 2020). The profitability and survival of businesses during the epidemic hinges on their ability to
make successful marketing decisions. Managers need understanding about marketing practices that will enable them to
succeed throughout and after the Covid- 19 pandemic, when the market will be extremely unstable.

Therefore, | have a dual objective. Firstly, | will examine how current measurements of consumer confidence might be used
to forecast future household spending by using economic variable (i.e. unemployment rate, national adjusted income per
capita) data in China, with the help of statistic tools (i.e. Python and Pandas) for the job of data cleaning and analyzing.
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Secondly,| will be on the ways in which businesses alter their marketing mix in the face of economic hardship to survive
by understanding the importance of utilizing effective marketing strategies during economic downturns. | will arrang this
report insix sections, | will discuss relevant literature in Section 2, and the description for the data used in the investigation
will be introduced in Section 3. | will include the method of the research in Section, which contains both theoretical and
empirical approaches, and | will share the empirical findings in Section 4. Lastly, | will draw conclusion based on the results
in Section 4 and evaluated the limitations and suggestions for future economic scholars in Section5.

2. LITERATURE REVIEW
2.1. Usefulness of CCl in Consumption Context

Several literatures has proved that by utilizing consumer confidence index, and it is possible to forecast private
consumption within an economy. A research done by Li (2016) shows that at the national scale, the consumer confidence
indexes are capable of predicting total consumption to a considerable degree. For most spending categories, such as
durables, non-durable products, and services, the incremental predictive power of consumer confidence indexes is positive.
At the provincial level, the lagged confidence indexes effectively explain the spending in most provinces’ various consumption
categories. However, for national- level data, the introduction of other control variables in the model diminishes the
incremental predictive ability. Another investigation done by Ktopocka (2016) suggests that some consumer confidence
indices (subjective indicators) appear to have predictive power exceeding macroeconomic variables ( objective indicators)
and are valuable for assessing and anticipating domestic saving and borrowing activities. In the case of South Africa
(Khumalo, 2014), Ng-Perron tests are used to determine the relationship between consumer confidence and consumer
expenditure. The outcomes of the regression indicate that consumer confidence and economic expansion have a positive
effect on consumer consumption, and asa consequence, aggregate expenditure will increase when consumer confidence in
the economy is prominent. The overall findings of the research demonstrate that both the private and public sectors have a
significant impact on total consumption. This implies that policymakers should examine the welfare effect of consumer
optimism and can utilize consumer confidence in the future to estimate persona spending behaviours. Similarly, in Italy,
the least financially liberalized country and one where collateralization of housing stays very tough, represents the only
country in which recent housing price surges have been strongly correlated with the rising the consumer confidence in the
nation (AL-EYD et al., 2009). Likewise, Bruno (2012) finds an asymmetric threshold effect in the context of durables,
which allows one to foresee a dramatic drop in this category of consumption provided that confidence is below a particular
threshold. The empirical evidence reveal that the consumer confidence index has a high level of explanatory power for both
durable and non-durable goods, but is of little relevance for semi- durable goods. When confidence is examined in lagged
conditions, it becomes evident that services have boosted. Anticipating entire consumption directly is one area where
confidence becomes effective. According to Ghosh’s research, the Brazilian CClis a prominent measure of household
consumption spending.  Along with other macroeconomic factors, they have uncovered a long-term strong link.
Consumers effectively utilize the data attheir reach to change their prior assumptions. They draw the central conclusion
that, in addition to other macroeconomic indicators often used to forecast consumption behavior, consumer confidence
might be a significant explanatory component of expenditures of Brazilian consumers. It has been shown in their paper that
CCl is more reliable as a predictor of future price movements during economic downturns. Their research also provides support
for the idea that consumers’ reactions to various equilibrium situations are asymmetrical through the use of the asymmetric
error correction model. Moreover, their findings are consistent with those of Bovi (2009), who investigates the concept
of psychological bias related to individual consumption. Finally, Kuzmanovi and Sanfey (2012) draw the conclusion that
the index of Croatian consumer confidence is explanatory of retail turnover, which is highly correlated with GDP activities
and domestic imports.

The use of consumer sentiment is well-known in most countries across the globe, as it is considered as a similar measure to
consumer confidence index. The ability of lagged consumer sentimentto explain recent shifts in household expenditure has
been verified in the past (D. CARROLL et al., 1994). While following periods’ expenditure will still be lower than they would
have been without the disruption, the consumption growth rate will be higher as the importance of additional deposit
declines due to the expanding stock of assets. Therefore, current economic uncertainty will have a negative effect on
consumption growth whereas lagged uncertainty would have a positive effect.

Although numerous studies verified the explanatory power of consumer confidence in predicting future consumption,
there are plenty of research suggests that it is not effective to use consumer confidence for forecasting private
consumption all the time, but do in exceptional periods. According to work by Desroches and Gosselin (2002), confidence
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indices don’t tell us much about what Americans will spend as a whole in the future. During times of high volatility, their
study reveals, changes in consumers’ levels of confidence have a notable impact on their purchasing behavior. Notably,
these findings are robust after accounting for discretionary income, which may indicate that confidence provides additional
information under challenging conditions. Their study has demonstrated the usefulness of these indices by highlighting
the extreme fluctuations that are recorded during exceptional periods. It is during situations of considerable uncertainty
that confidence indices are most likely to effect expenditure. Stephane and Pedro’s (2011) findings further demonstrate
that the consumer confidence index is a robust predictor of spending under certain conditions. In example, their out-
sample data demonstrates that consumer confidence adds explanatory weight to private consumption when household
survey variables undergo substantial swings, suggesting that confidence indicators may gain in predictive ability at such
periods. Similarly, Kuzmanovi and Sanfey (2015) begin by investigating the short-term forecasting ability of confidence
indexes during the past two decades. The results reveal substantial variation in the primacy of confidence across
nations and time periods. During times of financial hardship particularly in countries that had more severe downturns, like
Italy and Portugal, consumer confidence indexes have a stronger predictive power. In addition, the sub-index measuring
expectations for one’s own financial situation turns out to be even more predictive than the customers’ overall confidence in
France. Moreover, they provide evidence that unexpected changes in customer confidence are a separate cause of business
cycle oscillations. Results from Oduh’s research (2012) indicate a positive correlation between consumer confidence and
budgeted household expenditures. While changes in the price of food tend to catch the attention of consumers more
than those of durable goods, both present and foreseeable income have a positive effect on spending behaviors; nevertheless,
as consumers look farther into the medium and long term, the impact of income on anticipated expenditures weakens. If
consumers’ income is unpredictable for an extended period of time, they will likely cut spending rather than increase it.
This means that the short run marginal propensity to consume ( MPC) is significantly higher than the long run MPC, which
is both unexpected and descriptive. And this is induced by increase in pessimism towards future. It is worth pinpointing
that the explanatory power of lagged consumer confidence indexes on future expansion of total consumer spending
was demonstrated in a 2018 study by Karasoy Can and Yiincliler. As soon as other financial and economic factors that
are thought to affect consumption growth are incorporated into the models, the models’ predictive power either falls or
disappears altogether. Even when additional indicators are taken into account, CNBC-e’s ability to predict increase in
overall consumption and CBRT’s and propensity to Consume Index (PCl)’s predictive ability in the growth of nondurable
consumption remain unchanged. Consequently, consumer confidence might offer useful insights into how to increase
consumption, however this will rely on the precise meaningassigned to the term ’consumer sentiment’. The effect of
consumer attitude on foreseeable total growth momentum was not supported by their findings, which were contrary to
the predictions of the permanent income hypothesis and the precautionary savings incentive. For goods that won’t last
forever, which are the nondurables, the evidence is weak.

Nonetheless, few past scholars states that consumer confidence index do not have any explanatory power to explain future
consumer expenditure significantly based on their empirical findings. Adopting the most up-to-date data, Croushore (2005)
conclude that consumer confidence indexes are substantial in some specifications, but that there is no indication that using
these indexes significantly improves projections in any specification. These findings imply that consumer confidence indices
can be disregarded by economists when attempting to predict consumer expenditure. However, the results are inconclusive
because they are dependent on the accuracy of the prediction model. They have only used models that have already
been employed by past researchers in their practice exercises. Better predictive methods, if they can be found, might be
able to demonstrate that consumer confidence indices do, in fact, have marginally considerable explanatory power. In
addition, consumer confidence indexes may potentially serve a useful use in anticipation. Monthly releases of the indexes
provide data that can be used to forecast quarterly consumption patterns. Although, in order to put this theory to the
test, they will need to utilize distinct tools and frameworks. Surprisingly, there are two studies demonstrated that consumer
sentiment failed to forecast consumer spending patterns both in the short run and long run (Haniff & Masih, 2016;
Cotsomitis & Kwan, 2006). According to Haniff and Masih’s research, consumer sentiment’s usefulness in predicting short-
run private consumption is predicated on the fact that it can reveal information not found in other financial and economic
factors. Based on their paper’s ECM- ARDL findings, real purchasing power of consumer is a key factor in real household
consumption, consumer sentiment and the index of real stock. Additionally, there is no correlation between consumer
sentiment in long run or short run real consumer consumption. These results may indicate that the information obtained
from consumer sentiment is already captured by other financial and economic elements. Since the index of consumer
sentiment does not appear to add anything to the scenario, it cannot be relied on to forecast private consumption in the
foreseeable future. Likewise, Cotsomitis and Kwan found that the in-sample incremental predictive power of CCl and
ESI varies significantly across the European nations they surveyed. In addition, the findings of their out-of-sample
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experiments suggests that these confidence indices offers minimal information regarding the future route of consumer
expenditure. Their paper serves as a cautionary tale to European politicians and economic analysts who rely on the
Consumer Confidence Index and the Economic Sentiment Index to anticipate rising consumer expenditure in the EU region.

2.2. Marketing Strategies in Era of Low Consumer Confidence

The importance of economics concepts to marketing strategies during economic downturns, when the consumer
confidence index is low, is illustrated by Marks et al (2012) and Ou et al (2013). Mark’s group’s research report emphasizes the
utility of macroeconomic and industry-specific data in formulating a marketing plan for a period of recession. Moreover,
given the diversity of industries, it can be crucial for marketers to have an in- depth knowledge of their own sector’s
factsand present outlook while debating the course of their campaign. Meanwhile, the results of Ou’s research suggest
that varying levels of consumer confidence moderate the positive benefits of customer equity drivers on loyalty intentions.
Customers with lower consumer confidence tend to place a higher premium on value equity in all sectors, giving credibility
to the anecdotal belief that these customers are more wary and sensitive than their more confident counterparts during
economic downturns. The effects of customer equity drivers are moderated by consumer confidence more in non-
contractual than in contractual contexts. In contractual contexts, customers may have varying levels of confidence since it
is more challenging for them to adjust their behavior in accordance with their desires. Whether an organization operates
in a contractual or non- contractual scenario has an impact on how loyalty initiatives are adapted. In addition, they observe
that contractual firms are more abnormal than non-contractual firms, while finding a trend that value equity is helpful for
boosting customer loyalty for clients with weaker consumer confidence across service industries. In light of these findings,
it is clear that contractual firms need to exercise greater caution than non- contractual enterprises when employing value
equity as a technique to enhance poor consumer confidence and customer loyalty.

Surprisingly, numerous studies demonstrated that recession is considered as an great opportunity for marketing and hence
leading to potential growth of firms, which contradicts the traditional view of cutting down marketing cost during periods
of downturn. There is a great chance to boost retention during a downturn by gradually honing company’s multi- channel
communication strategies. Companies can methodically learn which value- based offerings appeal most with specific
clients by adopting a real-time marketing strategy (Ginn et al., 2010). Srinivasan’s research in2002 confirms claims
from the business press about corporations such as Microsoft, BMW and Dell using economic downturns to their advantage
through strategic advertising campaigns. The results of their study imply that there are also short-term benefits of
utilizing effective marketing strategies. They conclude that proactive marketing has both a direct and indirect impact on
company success. Therefore, it is a positive sign that their research shows companies can reap returns on marketing
expenditures made during a recession even before it’s finished. Their findings also imply that not all businesses take
preventative measures during economic downturns.  During a downturn, companies are more likely to increase their
marketing efforts if they have a strong emphasis on marketing, an entrepreneurial culture, flexible resources, and the
freedom to reallocate them. Their findings suggest that proactive marketing helps to moderate the impact of its
organizational forebears and offers a substantial rationale for performance in a down economy. Research conducted in
2014 by Akyliz and Ercilasun reaches the same conclusion. Companies shouldn’tignore the benefits a down economy
might provide. Maintaining a vigorous marketing campaign during a crisis may help a company stand out from the
competition, who are likely to cut back on their own marketing campaign as a result of the economic climate. Since
most businesses are cutting back on advertising strategies, this can be the ideal time to get the firm’s name out there. As
a result, even in a recession, a company that invests heavily in advertising has a better chance of increasing its market
share, maintaining its brand’s visibility, and expanding its customer base. Businesses who put money into advertising during
a downturn will see a rise in sales both whilethe economy is in a downturn and after it has recovered. Notta (2014) also
utilized simple linear regression analysis to discover the connections between the dependent variables and the independent
factors in his investigation of the effects of marketing strategy variations on firm performance. Her findings demonstrate the
effectiveness of advertising techniques of Greek dairy companies prior to and throughout the economic crisis. While
costly television ads reduce the profits of successful corporations in the years leading up to a crisis, the lower costs of
magazine advertisements can boost those profits once the crisis has hit. According to Malley et al (2011) ’s research,
spending money on marketing during tough economic times increases long-term profitability, customer loyalty, and
shareholder value. It seems that companies that cut costs lose ground to their competition. Proactively responding companies,
on the other hand, get the most advantages, especially if their rivals do not retaliate due to defensive cost- cutting.
Preparing for and responding effectively to such challenging situations is not only possible, but also vital. During a
downturn, stepping up marketing activity could prove especially rewarding.
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There is, however, a single research that argues that, depending on the specifics of the firm’s circumstances, a downturn
can either be a fantastic opportunity or a disaster. The emergence of new consumers necessitates the development of
alternative approaches for customer segmentation, as well as the development of products and marketing tactics that are
specifically targeted to the needs of these groups. Remember that every recession hits different sectors of the economy
and business in distinct ways. Consequently, recessions may produce severe obstacles for some businesses or industries
while providing advantages to others. As a result, entrepreneurs need to keep a careful eye on the markets, assess
whether or not the recession poses a threat to their company and their industry, and then swiftly adjust their plans
accordingly. When considering whether or not to take proactive measures in this unpredictable market, businesses must
take into account not just the external environment, such as competition and evolving consumption pattern, but also their
internal environment, including their resources, cultures, etc (Civi, 2013).

A plethora of studies shows that businesses may thrive even during economic downturns, provided they employ the right
marketing techniques. Whether or not a company is prosperous in all times depends largely on marketing methods with
respect to its main industry. However, macroeconomic factors do not diminish the performance of marketing programs.
Growth of the sales team and promotion are two examples of marketing activities that are beneficial at any point in the
business cycle, although cautious expansion is more relevant to the growth phase. It is possible fora company to survive
a downturn with consistent marketing efforts. Pearce and Michael (1997) offers multiple suggestions to startup
businesses: First of all, preventing a loss in revenue during a downturn requires first guaranteeing continued marketing
efforts for the core business. Second, grow with prudence and an eye on marketing efficiency throughout the peak season.
In a nutshell, a company’ s pre- recession status matters because it boosts the firm’s resilience against the forces of disaster.
Similarly, Grundey (2009) claims that a firm can lessen its vulnerability to brand riskby diversifying the strategies it employs
to establish and promote its brand, and it can decrease the likelihood that its consumers will leave for a competitor by
acquiring more of their personal data and utilizing it to effective use. The paper’s mini-cases of Nike, Nokia, Kellogg’s,
Chrysler, and the global hotel network show that there are a variety of techniques that can be used to establishand sustain
brands in order to compete successfully on a global scale. These strategies include: mean- ing management; brand
extension; glocalization; global brand consistency; brand awareness; brand investment maintenance; and meeting
customers’ needs. Several viable marketing tactics are presented by Ang (2020) in his research. To improve productivity
by capitalizing on resource-saving tools like public relations and social media and to recognize a more value- conscious
customer, businesses must be more focused, identify target segments more precisely, cut non- essential costs by pruning
marginal product lines and channels, and greater spread of information of the goods to decrease the perceived financial
risk of consumers. Asian enterprises that want to succeed need to look beyond their own region and into less conventional
markets. They must to take their marketing and commercial dealings with customers and clients more seriously and develop
some professionalism. They should take advantage of consumers’ desire to buy regional products by fostering the growth
of local businesses. When it comes to marketing strategy, Asian companies should think in the long-term. Successful
Asian companies will be the ones who find and capitalize on market chances throughout the region’s current period of
uncertainty. Lastly, Oana (2018) discovered that a company’s resources and long-term goals need to be considered when
developing a communication strategy, which in turn requires a clear understanding of the company’s image in the eyes
of its target audience. Further, the marketing communication experts’ awareness of the way in which consumers perceive
external stimuli, specifically of the influential aspects that determine the appearance of overt behavior, is of greatest
importance in choosing the proper communication skills according to the features of the target users.

Following the breakout of COVID- 19, the companies that put the most resources into marketing programs had the best
chance of becoming victorious. As a result of the COVID- 19 crisis, there have been substantial shifts in customers’
expectations and buying patterns, making it more more crucial for a business to constantly experiment with new marketing
techniques. As shown inFigure 3, the marketing tactics that businesses should adopt to survive and flourish both before and
after the pandemic were listed (Nikbin et al., 2021). Polat and Nergis’s 2011 research also gives a specific example of a
marketing strategy that might be employed during a downturn, suggestingthat businesses should think creatively about
how they can reach out to customers. The growingawareness among consumers about the significance of reducing
their products’ negative effectson the environment (Neff, 2019) has led to an increase in the importance consumers
place on acompany’s commitment to its social responsibilities and the degree to which it demonstrates this commitment
when purchasing goods (Quelch & Jocz, 2009). The term ”social responsibility,” ”social media,” and “green marketing” all rise
to prominence, but in ways that differ from past research.
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Figure 3: Marketing Strategies during Covid-19 and Recessions
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Source: Asia- Pacific Journal of Business Administration, https://www.emerald.com/insight/publication/issn/1757-4323

However, adjusting business’ s marketing approach is just as crucial as putting in place the right marketing strategies
during a recession to ensure continued success. In order to fulfill the demands of the market and win the loyalty of their
customers, businesses must revise the components of their marketing mix in response to the dramatic shifts in the market
condition (Alina & Lelia, 2012). Because of its low barrier to entry and high return on investment, pricing is the element that
can be altered with the greatest frequency and least amount of hassle (Ferrell & Hartline, 2002). The companies in the
study are aware of this since they have all adjusted their prices in some way. Additionally, in their work, Ang et al. (2000)
detail two distinct approaches to pricing during economic downturns. The first involves charging market rates for goods of a
better quality in order tosustain that high standard. By offering low pricing on daily necessities, the company may maintain
or expand its market share with the support of the second method. One thing to keep in mind about advertising during a
recession is that firm shouldn’t reduce its advertising budget (Koksal & Ozgul’s, 2007). Both Real and Carrefour want
to increase their usage of offline commercials as a means of enhancing their two- way communication with consumers.
Commercials displayed in-store and customer loyalty programs are excellent strategies for maintaining and, ideally,
deepening relationships with existing buyers (Nistorescu et al., 2009).

It is undeniable that social media contributes to marketing largely during recession and maintain businesses’ success (Kaur,
2020). Maintaining and expanding brand recognition and customer interactions are two areas that can greatly benefit from
the use of social media (Morrissey, 2008). Strategically expanding various forms of advertising could unlock enormous long-
term possibilities for businesses (Malley et al., 2011). Interactive marketers continue to employ some type of social media,
and other businesses plan to spend more in social media (Owyang et al., 2009). As a result, social media provides many
relative advantages, such as efficiency, its low cost, and longevity. Businesses of all sizes can benefit more from social
media than from traditional advertising methods. It's the most efficient means of communicating with clients around the
world and gathering their thoughts. Organizations of all size, from startups to multinationals, can benefit from advertising
their goods online at the lowest price possible, or even for free, as a means of surviving in the market until the economy
recovers (Kirtis & Karahanb, 2011). According to Suharto (2021)’s research, e-commerce customer satisfaction, e-
commerce customer loyalty, and e-commerce customer satisfaction all have significant effects on each other. Posting
content that can intrigue consumers’ interest on Instagram is the single most important indicator of the personalization
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dimension’s value in developing social media marketing. Therefore, businesses in the e-commerce sector can encourage
consumer to recommend their Instagram accounts to others by posting engaging con- tent that is both informative and
entertaining. Indirectly, this can raise consumer confidence and increase the reach of information. By keeping and
improving the consistency between product descriptions and actual conditions, businesses in the e- commerce industry can
win back the trust of their customers. E-commerce businesses can rely on the support of brand-loyal customers to help
ensure the market’s continued growth and success. This is due to the fact that consumers are more likely to shop online
during recessions and make repeat purchases there if they have a positive experience. In Liang (2022)’s study, it is
demonstrated that using the celebrity impact, which adopts an influencer marketing technique, will be advantageous for
persuading consumers to purchase, and it will assist businesses in generating profits during a recession. The appeal of
information relates to consumers’ psychological states and buying intention, according to their findings on recommendation
credibility. Based on their study, celebrities’ consistency with a good increases the credibility of their product suggestions.
Additionally, they found a positive correlation between a recommender’s credibility and the recommendation’s. The
influencer marketing sector must explore how to pick the proper influencer. The influencers they chose must have
particular traits: their personal experience demonstrates they are trustworthy, and their charisma attracts followers who
trust their product recommendations . In term of their empirical contributions to the field of marketing, their findings
strongly indicate that marketing teams must never ignore the importance of social media to brand- consumer relationships.
Marketing staff should thoroughly develop and manage social media product information. High source trustworthiness
improves consumers’ purchasing moods and buying intention, according to their research. A company’s partnership with
a famous person boosts sales, brand exposure, and product awareness. Their research suggests that corporations should
strongly consider working with beautiful celebrities for marketing. To choose the ideal celebrity partners, a marketing
department must guarantee that the celebrities ” fit” the recommended product. It is necessary to find a reliable partner
as consumers’ psychological statesand buying intentions depend on recommendation trustworthiness.

2.3. Suggestions for Marketing in the Future

Marketers of the future will prioritize sustainability and the digital world (Danciu, 2013). Toa greater extent than in the
past, global environmental conditions will be influenced by transformations. In the future, international and regional
factors will both be increasingly significant in marketing.  Using inventory sharing and regional or global mapping,
consumers are able to not only locate nearby deals, but also view detailed information about those deals in real time,
shop for discounts based on their own tastes, and receive personalized recommendations. By 2020, consumers are expected
to have an average of seven Internet-connected devices, and other predictions put that number as high as 50 billion
(Mengerink, 2011; Goodson, 2012). Without a digital marketing plan, firms risk losing a big portion of their target audience
and consequently, a lot of sales. Convergence is necessary if the organization is to maintain profitability and success in
an era of decreased spending, cost cutting, and a search for bigger, more long-lasting influence. Social marketing’s ultimate
goal is to encourage consumption change that is better for the environment and the economy. This could serve as an incentive
for lowering expenditure and strengthening sustainable development. However, the pricing system is insufficient to balance
the needs of the economy withthose of the environment and sustainability. That’s why sustainable consumption studies
need a bigger role in future marketing. Every company that wants to prosper in the coming decades must master the skill
of marketing in order to successfully bring together seemingly different needs and meet them with appropriate solutions.
Marketers for these companies need to focus on both revenue maximization and environmental sustainability ( Nassar,
2012). Successful firms understand that brand maintenance, customer experience enhancement, and competitive
differentiation are the keys to long-term marketing success. Multi- dimensional marketing—scientific, psychological, social,
spiritual, and durable—must be tried by enterprises in the coming decades (Kjaer, 2012). In order to effectively
communicate with their customers, businesses need to concentrate on social media. It is crucial for the organization to
obtain a digital power. Enterprises need to increase production of environmentally friendly products and services until they
account for the bulk of sales. Finally, organizations should assess their current pricing structure and consider how they can
make sustainable solutions cost about the same.

3. DATA AND METHODOLOGY
3.1. Data

In order to fully investigate the effect of external shocks on consumer confidence and consumption growth, the data
span the period 2006Q1 - 2020Q4. Change in household consumption is the dependent variable, whereas the lagged
household consumption change, consumer confidence index, change in unemployment rate and change in national
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adjusted income per capita arethe dependent variables for the investigation. Due to the scarcity of housing price data in
China, this element is not included in this study. For data such as household consumption, consumer confidence index
are downloaded from OECD Data ( https: / / data. oecd. org/ ), while unemployment rate and national adjusted income
per capita are accessed to general public on World Bank Catalog https:// datacatalog. worldbank. org/ home. | will use
both monthly data and yearly data, which all being transformed to monthly data for the purpose of easiness of making
comparisons. Table 1 presents the summary statistics of change in consumption and the independent variables, whereas
Figure 4 displays the correlation matrix between these variables.

Figure 4: Correlation Matrix Heat Map
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Table 1: Summary Statistics

count mean std err Min Max
ccl 166.000 99.483 2.753 95.395 105.068
CCI_lagged 166.000 99.459 2.728 95.395 105.068
Cons_ Change 166.000 0.100 0.044 -0.011 0.177
Unemp_ Change 166.000 0.009 0.039 -0.040 0.106
Cons_ Change_ laggedl 166.000 0.111 0.032 0.064 0.177
Cons_ Change_ lagged2 166.000 0.115 0.032 0.064 0.177
Cons_ Change_ lagged3 166.000 0.116 0.032 0.065 0.177
Unemp_ Change_ lagged 166.000 0.001 0.029 -0.040 0.056
incom_ Change 166.000 0.073 0.026 0.017 0.140
incom_ Change_ lagged 166.000 0.081 0.024 0.057 0.140

3.2. Theoretical Framework of Consumer Spending

The conceptual model for the effect of consumer confidence on the future household consumption is motivated by work in
the behavioral economics literature on modern theories of consumption(Ghosh, 2020). This section outlines this conceptual
model to formalize the effect of consumer confidence on household spending patterns. To better focus on the impact of
consumer confidence on future consumption, | simplified the model by abstracting away dynamic considerations,
permanent income, real labor income, and consumption in the previous model.

Modigliani, Brumberg, and Friedman’s Permanent Income Hypothesis (PIH) from the 1950s suggests that people
concentrate their long-term utility. In this way, the PIH suggests that people spread out their spending across time rather
than immediately responding to fluctuations in their income. In this view, consumers are less likely to adjust their spending
when they believe that fluctuations in their income would be short-lived. According to the research done by Hall (1978)
and Flavin (1981), the impact of shifts in confidence indicators on future consumption is small. Therefore, it is possible
to explain, based on the pertinent information that is readily available to the customer, that the household spending
decisions of the t-th period are already determined in the spending of the (t- 1)th period or in St . Therefore, (St-1 - St) is a
expression of spending behavior in the t-th period based on old information regarding the adjusted income in the (t- 1)th
period.

As stated by the PIH, consumer spending is directly proportional to a person’s permanent in- come. Respectively, it can
be inferred that

Sy =Y, ()

where St shows the household spending during t-th time period, and Y4t is the adjusted income of consumer. Consequently,

there is a balance between consumption and adjusted income throughout all time periods. Income after adjustments is the
present value of cash flow and possessions,

o

Yo, =7[P+ Y d' Ex, Dy (2)

t=0

where r denotes the adjusted interest rate after inflation, Wt indicates the actual value of possessions at the start of
period t, d is the rate of interest after discount. Based on the nature of the data available to consumers at time t, Ex
displays the expectation parameter and D¢+ represents the household disposable income.
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The random wall behavior modified by Hall in 1978 states that consumers make their current purchasing decisions based
on the predicted current value of the flow of future earnings rather than on their actual, immediate cash flow. In order
to maximize their expected utility, consumers must take into account their inter-temporal budget constraint. The temporary
utility function of this hypothetical buyer is supposed to be divided through all time periods, with segments depending
on the products purchased during different time periods. Following equation demonstrates the temporary utility function
of the consumer:

oC

U(S) = E Y _(1+¢)"'U(S) (3)

t=0

where S denotes the total spending of the representative consumer, E represents the expectations, which are based on the
knowledge available during the timespan t, 4 represents the discount rate at the subjective level. Therefore, the third
equation shows the discounted expected utility.

Furthermore, the equation (3) can be maximised subject to an inter-temporal budgetary restriction, and thus the first-
ranking condition is presented as:

IILf‘f{"rrr.l ('qf +1 )U t 5)}/{ L+ C) !r'rm'q.' (4}

in this equation, Um represents the marginal utility of consumer spending, which demonstrates the equation of Euler
consumption. The marginal consumption utility for today is equal to the present value of the predicted marginal utility
of spending for tomorrow, in accordance with the Euler consumption equation. Consequently, the current consumer
spending is affected by pastconsumer’s spending behavior. The real rate of interest, denoted by 5, is supposed to be
equivalent to the discount factor, denoted by { , associated with the customer. When this marginal utility consumption
function’s dependent variables and independent variable is proved to be in a linear correlation, the Equation(4) can be
reworked to:

Et St =St-1 (5)

Equation (5) suggests that past consumer spending patterns are the most accurate indicators of present ones, and it
can be further converted to:

St -St-1 = €t (6)

Equation (6) is an demonstration of a regression of individual spending’s growth, where € denotes the forecast error term
under rational circumstance and it has no connections to data that people attime t would normally be familiar with. This
last equation demonstrates the only thing that can be used to estimate the difference between today’ s and yesterday’s
consumption is the forecast error epsilon.

3.3. Empirical Model of Consumption Change

This subsection introduces the baseline model of measuring change in consumer consumption using Ordinary Least Squares
(OLS) methodology. | will examine the effect of consumer confidence with addition of other economic variables (i.e.
Unemployment rate, National adjusted income per capita) on change in private expenditure.

The following equation can be used to estimate shifts in consumer spending by linearizing the consumption function |
discussed above in terms of economic factors.

-—"th =a+B1 -lCt-l +{1CCl1+ -—"\Unemt + A1 -llnct-l (7)

whereby -l\Ct denotes the change in consumer consumption in the t-th time period, -lCt -1 represents the lagged
variable for consumption change in one year. It is well known that consumer confidence index plays an essential role in
predicting consumer spending, therefore CClt -1 denotes the consumer confidence index in the timespant- 1. Economic
indicators such as -lUnemt that demonstrate the change in unemployment in one year, -llnct -1 that shows the lagged
variable for change in national adjusted income per capita in one year are included in this regression model.

The second regression model can also act as an tool to evaluate the change in consumer consumption spending by linearizing
the function | mentioned in Section 3.2.
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Act =a+py A1+ VoA +(o car -1 +72 A Unemt + Ay Ninct -1 (8)

here, -l\Ct denotes the change in consumer consumption in the t-th time period, -lCt -1 represents the lagged variable
for consumption change in one year, ._\Ct -2 shows the lagged variable for consumption change in two years. Similarly,
CClt-1 denotes the consumer confidence index in the timespan t-1. Economic indicators such as -lUnemt that demonstrate
the change in unemployment in one year, —""xlnct -1 that shows the lagged variable for change in national adjusted income
per capita in one year are included in this regression model.

Act =a+p3Act-1+v3Act-2+u3 Act-3+(3cat-1+73 Aunemt + A3 Dinct -1 (9)

In the last model, -lCt denotes the change in consumer consumption in the t-th time period, -lCt -1 represents the
lagged variable for consumption change in one year, .lCt -2 shows the lagged variable for consumption change in two years,
.lCt -3 denotes the lagged variable for consumption change in three years. Likewise, CClt -1 denotes the consumer
confidence index in the timespant -1. Economic indicators such as -lUnemt that demonstrate the change in unemployment
in one year, .llnct -1 that shows the lagged variable for change in national adjusted income per capita in one year are
included in this regression.

3.4. Robustness Check

Separating consumer confidence into a fundamentals- based component and a sentiment based component allows me to
further investigate the premise that consumer confidence represents sentiment irrespective to economic fundamentals.
The methodology | employ, which is comparable to that of Lemmon and Portniaguina (2006), is as follows: First, | will
conduct a regression analysis of consumer confidence in relation to a number of current macroeconomic variables:

CCl = 64 —\Unemt + 64 Alnct (10)

By establishing equation(10), | am able to capture the dependency of consumer confidence index on macroeconomic
variables such as unemployment rate and national adjusted income per capita. In this equation, -_'\Unemt represents the
change in unemployment rate in t-th time period, whereas -—‘\Inct shows the change in income in the timespan t.

To continue, | use the residual in Equation (10) as a gauge of inappropriate optimism or pessimism in consumer confidence.
Then, | investigate the predictive potential of this high consumer confidence for future spending:

Act = B5 ACt -1 + CClres + 15 MuUnemt + A5 Sinct (11)

With the construction of equation(11), | take in consideration that part of consumer confidence index is not dependent
on macroeconomic variables, which are the residuals of the regression. In this particular equation, -—"\Ct -1 denotes the
consumption change in lagged one year, CClres shows the residuals of consumer confidence index, and the remaining
variables kept the same meaning with that of equation(10).

4. FINDINGS

This section presents the results obtained from the aforementioned empirical specification. For the sake of brevity, | only
report our results for the most crucial factors. The fundamental trend is that the consumer confidence index correlates
strongly with the shift in consumption, however this relationship is not statistically significant in model 2

TABLE 4: Regression Results of Model 1,2 and 3

Change in consumption Model 1 Model 2 Model 3
Cons_ Change_lagged1 0.3917%** 0.5026*** 0.6908***
Cons_ Change_ lagged?2 -0 3548%*** -0 4675%**
Cons_ Change_lagged3 0.2702***
CCl_lagged 0.0014* 1.598e-05 0.0012

Unemp_ Change -0.7439%** -0.6848*** -0.7144
incom_ Change_ lagged 0.8054*** 0.8683*** 0.6615%**
No Observations 166 166 166
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Df Residuals 161 160 159
Adj. R2 0.764 0.805 0.821
Estimator oLs oLs oLS

*p<0.05, **p<0.01, ***p<0.001

Model 1 —The first regression model in table 4 incorporates variables such as the lagged value of consumer confidence
index, change in unemployment rate, change in consumption for lagged in 1 year and the lagged value of income change.
Among these elements, change in unemployment rate and change in consumption for lagged in 1 year and the lagged value
of income are regarded as macroeconomic variables that affects consumer confidence. The assumption is that the lagged
value of consumer confidence index will be positively correlated to change in private consumption, and other economic
factors also contributes to change in consumption.

As the findings show, the data add credibility to the theoretical framework. Given the resultsin table 4, it can be deduced
that one unit increase in the consumption change for 1 year lagged will lead to 39% upturn for change in consumption,
with p-value statistically significant at 5% . Therefore, it verifies the initial assumption that made in previous paragraph
and is in line withmost literature findings presented in Section 2. Other factors that remain statistically significant includes
the lagged change in income, with p-value reaching 0. 1% significance and shows positive coefficient in the regression, and
it also demonstrates a positive relationship with the dependent variable (change in consumption). Lastly, the adjusted r-
square value for model 1 is 0.76, which enhances that this model is suitable for the data obtained and the reliability of
interpretation of the results will be strengthened.

Model 2 -The second regression model in table 4 includes one more variable — the lagged value of consumption change in 2
years. Based on the theory presented in Section 4. 1, consumers spending patterns nowadays depend on their consumption
behavior in the past and they are the most effective indicators of present consumption. Therefore, | add this variable to test
the second hypothesis — the lagged value of consumption change in 2 years also has positive relationship with consumption
change.

The performance of the results presented in table 4 appears to disprove the initial assumption, where only the consumption
change for 1 year lagged shows positive correlation with consumption change with p-value statistically significant to 0. 1%.
The adjusted r-square value is boosted by 4% comparing to model 1, suggesting that this model is more capable of carrying
out the experiments.

Model 3-The third regression model adds another lagged variable for consumption change in three years, in order to test
the conjecture of whether or not consumer’s spending behaviors nowadays are still determined by their consumption change
in the lagged 3 years time. | assumed that the lagged value of consumption change for three years will not have obvious
positive relationship with current consumption change due to the fact that the development of the society transforms
people’s spending pattern at a vast pace.

However, the surprising findings demonstrates an opposite stand to the hypothesis. Based on the results in table 4, it can
be inferred that one unit expansion of consumption change for lagged 3 years will raise the value of consumption change by
27% with p-value statistically significantto0 . 1%, indicating that the consumption change for lagged 3 years still contributes
to current consumption change, whereas the negative coefficient of lagged value for consumption change for two years
reveals a negative correlation with consumption change. Finally, the adjusted r-square value escalates by 2% compared to
model 2, suggesting that this model fits the data better than previous one, leading to higher reliability of results drawn.

Table 5: Robustness Check Results of the Change in Unemployment Rate and Change in Income

Coef Std err t P>|t|

Intercept 101.3133 0.707 143.238 0.000

Unemp_ Change 11.7098 5.847 2.003 0.047

incom_ Change -26.4648 8.838 -2.994 0.003
No.Observations Df Residuals Adj. R2 Estimator

Model 1 166 163 0.119 OoLS

Robustness model 1 - Table 5 displays the estimated outcomes for Equation (10). Both measures of confidence are
statistically significantly predicted by the present unemployment rate and by the national adjusted income per capita. The
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adjusted r-square for the regression is around 12%, which means that only tenth of the variance in consumer confidence
can be accounted for by underlying economic factors.

Table 6: Robustness Check Results of 1 Year Lagged in Consumption Change, the Lagged Residual of Consumer Confidence
Index, the Change in Unemployment Rate and Change in Income

Coef Std err t P>|t|
Intercept -0.0086 0.006 -1.410 0.161
Cons_Change_laggedl 0.4639 0.061 7.664 0.000
CCl_res_lagged 0.0012 0.001 2.017 0.045
Unemp_ Change -0.4311 0.049 -8.726 0.000
incom_ Change 0.8377 0.084 10.003 0.000

No.Observations Df Residuals Adj. R2 Estimator

Model 2 166 163 0.800 OLS

Robustness model 2 - Table 6 displays the predicted outcomes of Equation (11). All of the variables’ estimated coefficients
are statistically significant. Overall, | find evidence supporting the hypothesis and draw the conclusion that confidence
measurements not only stand in for other basic factors that leads to business cycle variations, but also have predictive ability
on their own.

5. CONCLUSION

Recent years’ market fluctuations brought up the importance of understanding consumer confidence to make effective
marketing strategies during times of high uncertainty. This study finds evidence that consumer confidence has predictive
power for future consumption behavior, whichis consistent with the results from a variety of past scholars in the field
of consumer economics. However, there are few studies focusing on incorporating the use of consumer confidence index
for implementing corresponding marketing mix for businesses’ survival during recessions.| will examine the predictive
performance of consumer confidence index on change in consumption growth by constructing three different regression
models and integrated several studies’ contribution to marketing strategies for business in era of low consumer confidence
to help business managers to make wise and effective response to economic downturns. Variables such as consumer
confidence index, lagged consumer confidence index, 1 year lagged change in consumption , 2 year lagged change in
consumption, 3 year lagged change in consumption, change in unemployment rate, lagged changed in unemployment rate,
change in income and lagged change in income are included in the regression models to explore the predictive power of
consumer confidence on consumption change.

lincluded several hypotheses in the investigation: (1) 1 year lagged consumer confidence index will be positively correlated
to change in private consumption, and other economic factors also contributes to change in consumption. (2) The lagged
value of consumption change in 2 years alsohas positive relationship with consumption change. (3) The lagged value of
consumption change for three years will not have obvious positive relationship with current consumption change. (4)
Business cycle fluctuations can be explained by a variety of fundamental variables, but consumer confidence indicators also
have their own predictive power. | tested the conjectures above using OECD and World Bank data.

Firstly, using Visual Studio Code, | combined and analyzed data from the two sources stated in the previous paragraph covering
the time period 2006Q1 to 2020Q4. Due to the scarcity of monthly unemployment rate data in China, | uses the yearly data
to make identical monthly data for unemployment rate instead given the assumption that the monthly unemployment rate
will be kept the same through one year. Secondly, | built three different ordinary least square models to examine the
relationship between consumer confidence index and change in consumption by adding one addition lagged control
component in the next model. Thirdly, | perform a series of robustness tests to ensure the reliability of the main conclusions.
For instance, | decompose consumer confidence into two components, one rooted in fundamentals and one reflecting
consumer sentiment unrelated tofundamentals, to deal withthe problem that consumer confidence index reflects knowledge
that are already enclosed in economic fundamentals like unemployment rates and national adjusted income per capita. The
findings, which imply that past confidence measures do in fact contain meaningful information for current consumption
predictions, still hold after this robustness test. Finally, | uses the empirical findings to verify the assumptions and come up
with conclusions.

Most of the initial hypothesis is proven to be correct based on the empirical findings presented in Section 6. In particular,
results in table 4 supports the (1) hypothesis as the signs for both lagged consumer confidence index and 1 year lagged
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change in consumption are positive. However, (2) hypothesis contradicts with the results demonstrated in table 5, where
there is a negative correlation between 2 year lagged change in consumption and consumption change. This results maybe
caused by a huge change in people’s income or personal preferences of spending. Surprisingly, the results shown in table 6
disprove (3) hypothesis, where the sign of 3 year lagged change in consumption is positively correlated with consumption
change and it could be the outcome of stable economy conditions with no significant change in three years lagged. Lastly, (4)
hypothesis is verified in table 8, which is the robustness check results of the regression model.

In the literature review section, | combine the theories of numerous studies in order to help businesses to survive in
periods of recession by utilizing effective marketing tools. In contrast to the common belief that businesses should reduce
their marketing budgets during recessions, alarge body of academic research has shown that this time of economic
uncertainty can really be a golden opportunity for marketing, ultimately leading to prosperity. Nonetheless, it is worth
to keep in mind that businesses should choose suitable marketing strategies that are specific to their market conditions
wisely instead of adopting the general measures that most businesses does. Sustainable practices and digital innovation
should be at the most crucial factors for future marketers to consider. Both global and local aspects will play an ever-
increasing role in the future marketing landscape.

6. LIMITATIONS AND IMPLICATIONS

Although this study does make a contribution, it has some obvious problems, the most apparent being the very small size of
the sample used. If a more trustworthy result is desired, the remaining 166 data selected between 2006Q1 and 2020Q4
for examination provided by the OECD and the World Bank are insufficient. Information on home prices, wealth, and interest
rates in China is alsounavailable, therefore these elements are left out of the analysis. In order to effectively represent
the dependence of consumer confidence on macroeconomic variables, the literature gap of using additional economic
variables with consumer confidence to explore their effects on consumption behavior still needed to be filled. As a result,
| wish researchers in the future will make use of a wider range of economic indicators to investigate the impact of
consumers’ confidence on their spending habits in a longer time period.

In addition, this study excludes the potential predictive power of the consumer confidence index on the purchasing behavior
of consumers in different economic downturns, which is a significant limitation as | only focus on general consumption
patterns. For instance, the 2008 crisis was one of the worst economic downturns at the beginning of the 21st century, leading
to the closure of countless businesses. Considering this, it would be intriguing to compare the 2008 crisis’s predictive
power to that of the recent COVID-19, in order to determine which event was more catastrophic and to evaluate whether
or not the lagged consumer confidence is useful for predicting future consumption behavior. Therefore, | recommend future
researchers to break down the large time frameand explore thoroughly into the various economic downturns to examine
the impact of consumer confidence on consumption patterns.

7. SOCIAL PROBLEMS AND POLICY SUGGESTIONS

It is important for government to implement effective policy to alleviate the impact of unexpected shocks on consumer
confidence. Policymakers in the major economies should work together to revive and maintain confidence levels, and changes
in confidence indicators play a critical role in investors’ risk assessments, so it’s crucial to consider the many implications
on this qualitative macroeconomic measurement. Volatility in the economic cycle, the corresponding movements in
employment and unemployment levels and corporate investment intentions are among the mostprominent factors that
have the ability to produce noticeable changes in consumer confidence (5 Factors That Impact Business and Consumer
Confidence, 2016). For example, to boost worker skills during COVID-19 without raising the risk of viral spread,
governments should be able to make supply-side policy adjustments, such as offering free remote training. Further, in
order to motivate businesses to hire more people, the government could subsidize those companies who made the
fewest redundant staffing decisions. As a result, employees will feel more secure in their employment and continue to be
productive despite the harsh economic climate, leading to sustained economic growth and high levels of consumer confidence.
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ABSTRACT

Purpose- Users typically choose the option that is most convenient for them in terms of time or cost based on their preferences when
multiple options are presented on the same line. In this regard, users' preferences are significantly impacted by the product components
given by competing travel options. The aim of this study is to evaluate the criteria that are considered to be effective in competition and user
preferences in transport corridors where there is cross-competition, and to rank the routes according to these criteria.

Methodology- In this context, transport corridors in Turkey and some European countries have been selected. The criteria evaluation of the
selected routes was carried out using the Entropy method and then the ranking of the routes was carried out using the WASPAS method.
Findings- It can be seen that the London-Manchester air route is ranked first, while the Paris-Lyon air route is ranked last in the study. Taking
into account the HSR ranking, the London-Manchester corridor is in first place, as in the airline sector. Among the selected routes, the Ankara-
Istanbul HSR corridor is ranked the last. When it comes to bus transport, the Ankara-Istanbul route is in the top position. On the other hand,
the Berlin-Frankfurt corridor comes last.

Conclusion- The results of the research are important in terms of understanding the factors that are effective in cross-competition By
considering the performance criteria of these routes and their respective weightings, it can inform decisions related to the regulation of fares
or the development of investment programmes to enhance the competitiveness of public transport modes such as High Speed Rail (HSR). In
essence, this research fills a gap in transport decision studies by providing a comprehensive analysis of routes across all modes and providing
actionable insights for policy makers.

Keywords: Cross competition, transportation modes, airline, WASPAS, entropy.
JEL Codes: D61, L91, L93.

1. INTRODUCTION

Cross-competition in the transportation industry refers to competition between several modes of transportation or among
various transport providers (Airline, Coach or High Speed Rail: HSR) operating within a single mode. Competition for
passengers or freight as well as initiatives to draw in and keep consumers are all included. The competitive environment may
significantly affect the transportation system's effectiveness and efficiency. Additionally, there is cross-competition in the
transportation industry, particularly in the distribution of transport flows among various modal subsystems (Costescu, 2018).
Government rules and regulations are just one of the many variables that might affect competition in the transportation
industry (Vilakazi, 2018). On the other hand, when multiple options are offered along the same route, consumers typically
choose the one that best suits their needs in terms of cost or time. In this regard, users' preferences are significantly
influenced by the product components provided by competing transport options.

Decisions related to the transport sector affect almost all aspects of human life in contemporary societies. Additionally,
decisions are continually needed in the transportation sector, from strategic planning of projects and policies, to designing
infrastructure projects, to choosing between alternatives, to putting specific policies into place (Yannis et al., 2020, p. 414).
Therefore, decision-making is a crucial component of managing transport systems and typically entails steps like identifying
current issues, defining the issue, and coming up with potential solutions (Karleusa et al., 2013, p. 620).

Complex decision making is an unavoidable part of any transport project. A large range of potential alternatives (answers to
a stated issue) are available in addition to the numerous major repercussions that are present, many of which are frequently
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expressed in quantitative and qualitative terms (economic, environmental, technical, geographical, and social aspects)
(Macharis & Bernardini, 2015, p. 177). There are occasions when a lot of parties are involved in the decision-making process.
The decision-making process is complicated by all of these factors (Janic, 2003). Modeling, organizing, and structuring
technologies give decision-makers an advanced tool for increasingly complex circumstances. It is possible to analyze several
alternative projects or variants in accordance with various quantitative and qualitative criteria thanks to the Multi-Criteria
Decision Analysis Aid (MCDA), which is derived from operations research (Stoycheva et al., 2018; Hansson et al., 2019).

Looking at the research in the literature, it is seen that there are many studies that use multi-criteria decision making methods
in the field of transport, but some of them focus on areas such as pairwise comparisons (Sirikijpanichkul et al., 2017), while
others focus on the evaluation of urban transport alternatives (Fearnley et al., 2018). Although there are studies that evaluate
all transport modes together, it can be seen that these studies also examine areas such as transport policy (Hey et al., 1999),
investment decisions (Cavone et al., 2018) or freight transport (Kopytov and Abramov, 2012). Unlike other studies, this study
focuses on real corridors with similar characteristics where cross-competition in passenger transport exists.

The purpose of this study is to prioritize the factors that are thought to be important for user preferences and competitiveness
in cross-competitive routes and to identify which route is superior in terms of these factors. Entropy and WASPAS approaches,
which are among the multi-criteria decision-making techniques, were used to assess the effectiveness of a few selected routes
in Turkey and Europe that had similar characteristics.

The remainder of the study is structured as follows. Firstly, a summary of the literature on the subject is given. This is followed
by the methodology section, which presents the methods and data used in the analysis. The third section provides
information on the application and explains the research findings. Finally, the conclusion and recommendations section is
presented.

2. LITERATURE REVIEW

There are many studies in the literature on transport where more than one mode is evaluated together. Some of these are
listed in Table 1.

Table 1: Literature Summary

Authors (Year) Method Scope

Giuliano (1985) ELECTRE Santa Ana corridor in CA, USA

Hey et al. (1999) REGIME Common EU transport policy

Tsamboulas and Kopsacheili (2003) AHP-MAUT Athens Olympic Games transportation policies
Arslan (2009) Fuzzy AHP Selection of appropriate transportation projects
Shelton and Medina (2010) AHP-TOPSIS El Paso, Texas transportation improvement
Ramani et al. (2010) AHP-MAUT Nonlinearity in Transportation Planning
Sawadogo and Anciaux (2011) ELECTRE Intermodal transportation in green supply chain
Kopytov and Abramov (2012) AHP Multi modal freight transport system

Hickman et al. (2012) MCA Oxfordshire sustainable transport

Barfod and Salling (2015) AHP-SMARTER Most attractive alternative between D-S
Cavone et al. (2017) TPN-DEA Intermodal terminal in Bari

Cavone et al. (2018) Fuzzy DEA Intermodal terminal planning with uncertainty
This Study ENTROPY-WASPAS Ranking of 6 European city pair routes

Note: AHP: Analytic Hierarchy Process; TOPSIS: Technique for Order Preference by Similarity to Ideal Solution; MAUT: Multi-attribute utility
theory; TPN: Timed Petri Nets; ELECTRE: Elimination and Choice Expressing Reality; WASPAS: Weighted Aggregated Sum Product Assessment;
MCA: Multi-criteria assessment; D-S: Denmark-Sweden; SMARTER: Simple Multi-Attribute Rating Technique Exploiting Ranks.

Giuliano (1985) used the ELECTRE method to identify criteria for transport investment planning in a case study of a transport
corridor in Orange County, California. The results show that the method identifies a small set of significantly different best
compromise transport investment alternatives. Hey et al (1999) evaluated scenarios for European transport policy using the
REGIME multi-criteria decision making method and formulated some strategic policy implications for future EU policy.

Three commonly used MCDM methods are the foundation of the evaluation framework presented by Tsamboulas and
Kopsacheili (2003), which offers a thorough framework for the strategic assessment of instruments for spatial and
environmental transport policy. To assist in the selection of suitable transportation projects for implementation, Arslan (2009)
proposes a decision support model that integrates public involvement and public supervision using the Fuzzy AHP technique.
A streamlined methodology for rating transportation projects using an integrated multi-criteria decision making (MCDM)
procedure for prioritizing transportation projects is presented by Shelton and Medina (2010) in their research.
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Ramani et al (2010) evaluated the impact of considering the non-linearity of the selected value functions in order to develop
a multi-attribute utility theory approach for transport planning applications. As a result of the research, it was concluded that
non-linear value functions can differentiate project outcomes. Sawadogo and Anciaux (2011) evaluated intermodal transport
in a green supply chain using the ELECTRE method. Kopytov and Abramov (2012) presented the AHP method as the most
appropriate approach for comparative evaluation of different routes and modes of freight transport. Hickman et al. (2012)
examined the selection of alternatives for sustainable transport in the context of the Oxfordshire case study. Barfod and
Salling (2015) aimed to identify the most attractive transport alternatives between Denmark and Sweden using AHP and
SMARTER methods. Cavone et al. (2017) analysed intermodal terminal planning with TPN-DEA and Cavone et al. (2018)
analysed intermodal terminal planning under uncertainty conditions with Fuzzy DEA.

3. DATA AND METHODOLOGY
3.1. Entropy Weighting Method

In multi-criteria decision making, the weighting process is performed in two different ways, either objective or subjective.
The determination of criterion weights is a common problem in many multi-criteria decision making (MCDM) techniques. It
is important to pay special attention to the objectivity factor of criterion weights, considering that criterion weights can
significantly affect the outcome of the decision making process (Odu, 2019, p. 1449). Objective weighting is more preferable
because it provides healthier results in terms of analysis. Nowadays, many objective weighting methods are used together
with MCDM. One of the most preferred methods among these objective methods is the entropy method (Zou et. al., 2006;
Liu et. al., 2010). Although the entropy method was first proposed by Rudolf Clausius, it was not widely used. Later, the
entropy method was used in the field of information by Shannon in 1948 (Wu et al., 2011, p. 5164). Wang et al. (2005) were
the first to use the entropy method as a weighting method. The application steps of the entropy method are as follows (Wang
and Lee, 2009, p. 8982).
Stage 1: The first step in the entropy method is to normalise the decision matrix..
bij = Y
i = o——
DY Xij

€y

wm
i

In the above equation; the value “j” represents the criteria, the alternatives, “x;” the utilities and “p;” the normalised

values.

Stage 2: In the second stage of the entropy method, the weight value " ;" is calculated.

n
e = —kz pijlnp;; 2)
=

In the above equation, the value of "k" is calculated by the formula (In (n))~?.

Stage 3: In the last step of the entropy method, after the " e; " value and "1- e; " values are calculated, the weight
value " w; " is calculated.

1-— €;
=11 —e)
In the above equation, the sum of " w; " values is equal to 1.

3)

Wi:

3.2. Waspas Ranking Method

The WASPAS (Weighted Aggregated Sum Product Assessment) method, developed by Zavadskas et al. (2012), is defined as
an integrated sum product assessment (Alinezhad and Khalili, 2019). The Waspas method, which is frequently used in MCDM,
is a method that emerged as a result of the combination of the Weighted Sum Model (WSM) and the Weighted Product
Model (WPM) models (Chakraborty and Zavadskas, 2014, p. 2). The Waspas method measures the performance of decision
alternatives according to the relevant criteria by using the criterion weight value in multi-criteria decision problems and ranks
the alternatives from best to worst as a result of the measurement (Chakraborty et al., 2015). The application steps of the
Waspas method are described below (Chakraborty and Zavadskas, 2014: 2-3).

Stage 1: As in the entropy method, the decision matrix in the Waspas method is formed by Equation (4).
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Stage 2: In the second step of the Waspas method, the relevant alternatives are normalised using equation (5) if they are
cost-oriented or equation (6) if they are benefit-oriented.

For cost-orientated criteria; nj= ij i=1,2,...mve j=1,2,...n (5)
max;x;j
For benefit-orientated criteria: nij=mL:ixiji =1,2,..mvej=1,2,...n (6)
ij

Stage 3: In the third step of the Waspas method, the total relative importance value Qi(l) for all alternatives according to the
WSM (Weighted Sum Model) model is calculated with the help of Equation (7).

w_ \"
Qi = ) anij (7)
j=1

Stage 4: In the fourth step of the Waspas method, the relative product importance value Qi(z) for all alternatives according
to the WPM (Weighted Product Model) model is calculated by means of Equation (8).

n

o® =] [ ®

j=1

Stage 5: In the fifth step of the Waspas method, as a result of the calculation process performed with both WSM and WPM
models, the total relative importance value of the decision alternatives is determined with the help of Equation (9).

Q=2+ (1) @ ©)

The value of "A" in the above equation can take a value between 0 and 1. If the value of "A" is equal to 0, the relevant model
becomes a weighted product model, and if it is equal to 1, the relevant model becomes a weighted total model.

Stage 6: In the sixth step of the Waspas method, the decision alternatives are ranked according to their "Q;" values in order
to make the final ranking of the decision alternatives. The decision alternative with the lowest "Q;" value is considered the
worst alternative, while the decision alternative with the highest "Q;" value is considered the best alternative.

3.3. Data

The data obtained from secondary sources was used as a dataset in the research and information on the data in question is
given in Table 2.

Table 2: Data Definitions

Data Abv. Definition / Calculation

Number of Firms Served NFS Number of companies (Airline-Coach or HSR) operating in the
market

HSR/Coach/Airline Price for Km MPRICEKM Price for transport mode / Length of route

Total Price for Km TPRICEKM Total price that the user has to pay, including access to the
transport mode / Total distance from centre to centre

Km for minutes KMFM Distance travelled in km per minute when travelling from
centre to centre

Frequency FREQ Number of daily trips offered by the mode of transport on the
route

Ratio of Access time to Travel Time RATT Ratio of access time from the centre to transport mode to
travel time

Emissions for km (kg) KMCO2 Emission release in kg per km

Table 2 provides brief descriptions of the data related to the criteria used in the research. For the NFS criterion, the number
of airlines on the route was obtained from websites such as Google flights and skyscanner and verified by visiting the airlines'
own websites. For the number of bus operators, the number of operators on the selected route was obtained separately
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from comparison sites such as omio.com, checkmybus.com and busbud.com. For HSR, thetrainline.com, where train tickets
can also be bought, was accessed and analysed separately for each line, as for other modes. For another criterion, TPRICE,
the fare paid for the mode was divided by the length of the route in km. The fare paid for the mode of transport was obtained
from the sources mentioned above. For the length of the route, different sources were used for each mode of transport. For
air, gcmap.com, for road, Google maps and for rail, official documents (official sources of the HSR operators such as Deutsche
Bahn, TCDD, TGV) were used.

In addition to the fare paid for the mode of transport, the TPRICEKM criterion also includes the fare paid for the public
transport alternative used to access the mode of transport from the city centre. For this data, the fare was obtained from the
website of the operator providing the service in question. This fare is then added to the HSR, coach and airline fares to obtain
the total fare data. For the KMFM criterion, total travel time data from centre to centre is required. This is done by adding
the travel time from the city centre to the relevant mode (e.g. city centre- airport). The FREQ criterion uses the same data
sources as the NFS criterion. RATT is a criterion obtained by the ratio of the author's access time from the centre to the mode
to the travel time. Finally, for the KMCO2 criterion, which indicates the emissions emitted, the relevant data was obtained by
entering the length of the line using the calculation tool on the carbonfootprint.com website.

4. FINDINGS AND DISCUSSIONS

In this section of the study, performance criteria are introduced and the application steps of Entropy and Waspas methods
are mentioned. The study analyses the performance criteria of selected routes in Turkey and Europe where there is cross-
competition. In the study, 6 criteria were used for HSR and 7 criteria were used for Coach and Airline.

4.1. Criteria Used in the Study

In assessing the performance of the selected routes where there is cross-competition, the criteria used were those that best
reflect the performance of the routes in question. The criteria and ratios used in the study are shown in Table 3.

Table 3: Criteria and Codes Used in the Study

High Speed Train Coach Airline
Performance Indicators Code Performance Indicators Code Performance Indicators Code
Number of Firms Served C1  Number of Firms Served C1  Number of Airlines Served Cc1
HSR Price for Km C2  Coach Price for Km C2  Airline Price for Km Cc2
Total Price for Km C3  Total Price for Km C3  Total Price for Km c3
Km for Min C4  Km for Min C4  Km for Min C4
Frequency C5  Frequency C5  Frequency c5
Ratio of Access time to Travel C6  Ratio of Access time to Travel C6  Ratio of Access time to Travel C6
Time Time Time

Emissions for km (kg) C7  Emissions for km (kg) c7

4.2. Entropy Application

In this study, which examines the performance of city pairs with similar characteristics, the entropy method is used in the
process of determining the weights of the criteria to be included in the analysis. The application of the entropy method was
carried out separately for each mode of transport. However, for reasons of space, only the weighting table is presented in
this section. The weight values obtained as a result of the entropy weighting procedure are given in Table 4.

Table 4: Criteria Weight Values Obtained by Entropy Method

Modes C1 c2 c3 ca c5 C6 Cc7
HSR 0,1083 0,2963 0,2831 0,0562 0,1688 0,0870 N/A
Coach 0,5278 0,0201 0,0198 0,0022 0,3991 0,0292 0,0014
Airline 0,2239 0,2297 0,1933 0,0756 0,1292 0,1380 0,0098

According to the results presented in Table 4, the criterion weights of HSR, Coach and Airline are between 0.0562-0.2963,
0.0014-0.5278 and 0.0098-0.2297 respectively. In this respect, it can be seen that the variable with the highest weight on the
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cost-benefit performance of the selected routes for HSR is MPRICEKM, expressed by the C2 code, while the variable with the
lowest weight is KMFM, expressed by the C4 code. If we look at the coach, we see that the variable with the highest weight
on the cost-benefit performance of the selected routes is NFS, expressed with code C1, while the variable with the lowest
weight is KMCO2, expressed with code C7. Finally, when evaluating the performance criteria on the selected routes where
the airline operates, it can be seen that the C2 criterion (MPRICEKM) has the highest weight and the C7 criterion (KMCO2)
the lowest.

4.3. WASPAS Application

In this part of the study, the criteria weighting values obtained by the Entropy method were added to the application part of
the Waspas method and the performance of the selected routes was evaluated. The evaluation process is repeated for each
mode.

The first step of the Waspas method is to organise the decision matrix of the evaluation criteria. In this direction, the decision
matrix consisting of 6 lines (alternatives) and 6 criteria included in the analysis for HSR was arranged by equation (4). The
decision matrix of the corresponding HSR routes is shown in Table 5.

Table 5: Decision Matrix (HSR)

MAX MIN MIN MAX MAX MIN
Routes Cc1 Cc2 c3 ca c5 c6
Ankara- istanbul 1 0,0243 0,0268 1,7831 12 0,1222
Barcelona-Madrid 3 0,0935 0,0997 3,5954 46 0,16
Roma-Milano 2 0,0802 0,0865 2,8713 72 0,0666
Berlin-Frankfurt 2 0,1108 0,1217 1,6184 22 0,064
Paris-Lyon 3 0,1584 0,1650 2,9021 29 0,1833
Londra-Manchester 1 0,3256 0,3387 1,8075 45 0,1230

The same step was repeated for the Coach. In this direction, the decision matrix consisting of 6 routes (alternatives) and 7
criteria included in the analysis was arranged through Equation (4). The decision matrix of the related Coach routes is shown
in Table 6.

Table 6: Decision Matrix (Coach)

MAX MIN MIN MAX MAX MIN MIN

Routes C1 c2 c3 ca c5 C6 Cc7

Ankara- istanbul 50 0,0292 0,0313 1,0453 115 0,1075 0,0898
Barcelona-Madrid 2 0,0607 0,0665 1,2339 6 0,075 0,0958
Roma-Milano 3 0,0367 0,0424 1,0460 17 0,0901 0,1050
Berlin-Frankfurt 1 0,0326 0,0385 1,1924 4 0,0333 0,0907
Paris-Lyon 3 0,0343 0,0419 1,3010 8 0,1090 0,1072
Londra-Manchester 3 0,0535 0,0643 1,0268 12 0,0761 0,0892

Finally, the same procedure was applied to air transport. In this direction, the decision matrix consisting of 6 routes
(alternatives) and 7 criteria included in the analysis was arranged by equation (4). The decision matrix of the corresponding
airline routes is shown in Table 7.

Table 7: Decision Matrix (Airline)

MAX MIN MIN MAX MAX MIN MIN
Routes Cc1 c2 c3 ca c5 (o] Cc7
Ankara- istanbul 3 0,1128 0,1079 0,5643 13 2,0714 0,1417
Barcelona-Madrid 3 0,1611 0,1744 0,3822 20 0,55 0,1074
Roma-Milano 3 0,1624 0,1738 0,4207 13 1,5384 0,1291
Berlin-Frankfurt 1 0,3602 0,3496 0,4157 12 0,8285 0,1247
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Paris-Lyon 1 0,2524 0,2795 0,3398 6 1,4923 0,1359

Londra-Manchester 1 0,5144 0,4773 0,7818 7 1,1230 0,1522

In the second step of the Waspas method, after the decision matrix has been arranged, the evaluation criteria are normalised
according to whether they are cost or benefit oriented using equations (5) and (6). The normalised decision matrix for HSR is
shown in Table 8.

Table 8: Normalised Decision Matrix (HSR)

MAX MIN MIN MAX MAX MIN
Routes c1 Cc2 c3 ca cs5 C6
Ankara- istanbul 0,3333 0,0748 0,0792 0,4959 0,1666 0,6666
Barcelona-Madrid 1 0,2872 0,2944 1 0,6388 0,8727
Roma-Milano 0,6666 0,2465 0,2554 0,7986 1 0,3636
Berlin-Frankfurt 0,6666 0,3403 0,3593 0,4501 0,3055 0,3490
Paris-Lyon 1 0,4864 0,4870 0,8071 0,4027 1
Londra-Manchester 0,3333 1 1 0,5027 0,625 0,6713

The initial decision matrix for coach was also normalised. The normalised decision matrix for the coach is shown in Table 9.

Table 9: Normalised Decision Matrix (Coach)

MAX MIN MIN MAX MAX MIN MIN

Routes C1 Cc2 c3 ca C5 C6 Cc7

Ankara- istanbul 1 0,4812 0,4701 0,8034 1 0,9854 0,8377
Barcelona-Madrid 0,04 1 1 0,9483 0,0521 0,6875 0,8932
Roma-Milano 0,06 0,6058 0,6377 0,8039 0,1478 0,8267 0,9793
Berlin-Frankfurt 0,02 0,5381 0,5795 0,9165 0,0347 0,3055 0,8457
Paris-Lyon 0,06 0,5656 0,6306 1 0,0695 1 1

Londra-Manchester 0,06 0,8825 0,9663 0,7892 0,1043 0,6984 0,8321

Finally, the initial decision matrix for Airline is normalised using equations (5) and (6). Accordingly, the normalised decision
matrix for Airline is shown in Table 10.

Table 10: Normalised Decision Matrix (Airline)

MAX MIN MIN MAX MAX MIN MIN

Routes C1 Cc2 c ca (o) C6 Cc7

Ankara- istanbul 1 0,2194 0,2262 0,7217 0,65 1 0,9308
Barcelona-Madrid 1 0,3132 0,3655 0,4888 1 0,2655 0,7056
Roma-Milano 1 0,3157 0,3643 0,5381 0,65 0,7427 0,8482
Berlin-Frankfurt 0,3333 0,7003 0,7325 0,5316 0,6 0,4 0,8190
Paris-Lyon 0,3333 0,4907 0,5856 0,4345 0,3 0,7204 0,8926
Londra-Manchester 0,3333 1 1 1 0,35 0,5421 1

In the third step of the Waspas method, the total relative importance of these banks was calculated according to the Weighted
Sum Model (WSM) using equation (7). During the calculation process, the criterion weight (W;) value obtained in the entropy
method was multiplied by the normalisation value of each mode of transport and summed. As a result of the summation

process, the value Qi(l) was obtained. The relative importance values of the associated HSR routes according to the Weighted
Sum Modelling (WSM) model are shown in Table 11.
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Table 11: Relative Importance Values of Decision Alternatives According to WSM (HSR)
Routes c1 c2 c3 ca c5 c6 le)
Ankara- istanbul 0,0361 0,0222 0,0224 0,0279 0,0281 0,0580 0,1948
Barcelona-Madrid 0,1084 0,0851 0,0834 0,0563 0,1079 0,0759 0,5170
Roma-Milano 0,0722 0,0731 0,0723 0,0450 0,1688 0,0316 0,4631
Berlin-Frankfurt 0,0722 0,1009 0,1017 0,0253 0,0516 0,0304 0,3822
Paris-Lyon 0,1084 0,1442 0,1379 0,0454 0,0680 0,0870 0,5909
Londra-Manchester 0,0361 0,2964 0,2831 0,0283 0,1055 0,0584 0,8078

The values obtained in Table 11 were also calculated for other modes of transport and the relative importance values of the
relevant routes for coach according to the WSM model are shown in Table 12.

Table 12: Relative Importance Values of Decision Alternatives According to WSM (Coach)

Routes c1 c2 c3 c4 c5 cé6 c7 le)
Ankara- istanbul 0,5279 0,0097 0,0093 0,0018 0,3991 0,0288 0,0013 0,9779
Barcelona-Madrid 0,0211 0,0202 0,0198 0,0022 0,0208 0,0201 0,0013 0,1055
Roma-Milano 0,0317 0,0122 0,0126 0,0018 0,0590 0,0242 0,0015 0,1430
Berlin-Frankfurt 0,0106 0,0109 0,0115 0,0021 0,0139 0,0089 0,0013 0,0591
Paris-Lyon 0,0317 0,0114 0,0125 0,0023 0,0278 0,0292 0,0015 0,1164
Londra-Manchester 0,0317 0,0178 0,0192 0,0018 0,0416 0,0204 0,0012 0,1337

The calculation of the relative importance value according to the WSM model, calculated using equation (7), was also

performed for Airline and is shown in Table 13.

Table 13: Relative Importance Values of Decision Alternatives According to WSM (Airline)
Routes c1 c2 c3 ca c5 c6 c7 le)
Ankara- istanbul 0,2240 0,0504 0,0438 0,0546 0,0840 0,1381 0,0092 0,6040
Barcelona-Madrid 0,2240 0,0720 0,0707 0,0370 0,1292 0,0367 0,0070 0,5765
Roma-Milano 0,2240 0,0726 0,0705 0,0407 0,0840 0,1025 0,0084 0,6026
Berlin-Frankfurt 0,0747 0,1609 0,1417 0,0402 0,0775 0,0552 0,0081 0,5584
Paris-Lyon 0,0747 0,1128 0,1133 0,0329 0,0388 0,0995 0,0088 0,4806
Londra-Manchester 0,0747 0,2298 0,1934 0,0757 0,0452 0,0748 0,0099 0,7035

In the fourth step of the Waspas method, the relative importance of these lines according to the WPM is calculated using

equation (8) and the Qi(z) value is determined. The relative importance values of the associated HSR routes according to the

WPM are shown in Table 14.

Table 14: Relative Importance Values of Decision Alternatives according to the WPM (HSR)

Routes c1 c2 c3 ca cs c6 Ql@

Ankara- istanbul 0,8878 0,4639 0,4878 0,9613 0,7390 0,9653 4,5050
Barcelona-Madrid 1,0000 0,6909 0,7074 1,0000 0,9271 0,9882 5,3137
Roma-Milano 0,9570 0,6604 0,6795 0,9874 1,0000 0,9157 5,2000
Berlin-Frankfurt 0,9570 0,7266 0,7484 0,9561 0,8186 0,9125 5,1191
Paris-Lyon 1,0000 0,8077 0,8158 0,9880 0,8577 1,0000 5,4691
Londra-Manchester 0,8878 1,0000 1,0000 0,9620 0,9237 0,9659 5,7394

Table 15 shows the relative importance values for Coach according to WPM.
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Table 15: Relative Importance Values of Decision Alternatives according to the WPM (Coach)

Routes c1 c2 c3 ca cs c6 c7 Q®
Ankara- Istanbul 1,0000 09853 09851 09995 10000 09996 09997  6,9693
Barcelona-Madrid 0,828 10000 10000 09999 03077 09891 09998 54793
Roma-Milano 02265 09899 09911 09995 04663 09945 10000 56677
Berlin-Frankfurt 01268 09876 09892 09998 02617 09659 09997 53308
Paris-Lyon 02265 0988 09909 10000 03451  1,0000 10000 55511
Londra-Manchester 02265 09975 09993 09995 04057 09896 09997 56178

According to the WPM model calculated using equation (8), the relative importance value has also been calculated for Airline
and is shown in Table 16.

Table 16: Relative Importance Values of Decision Alternatives according to the WPM (Airline)

Routes c1 c2 c3 ca c5 C6 c7 Ql@

Ankara- istanbul 1,0000 0,7057 0,7502 0,9756 0,9458 1,0000 0,9993  6,3767
Barcelona-Madrid 1,0000 0,7659 0,8231 0,9473 1,0000 0,8327 0,9966  6,3656
Roma-Milano 1,0000 0,7673 0,8226 0,9542 0,9458 0,9598  0,9984  6,4481
Berlin-Frankfurt 0,7819 0,9214 0,9416 0,9533 0,9361 0,8812  0,9980  6,4135
Paris-Lyon 0,7819 0,8491 0,9017 0,9389 0,8559 0,9557  0,9989  6,2821
Londra-Manchester 0,7819 1,0000 1,0000 1,0000 0,8731 0,9190  1,0000  6,5739

In the final stage of the Waspas method, the values of Qi(l) and Qi(z) calculated according to the WSM (Weighted Sum Model)
and WPM (Weighted Product Model) models are calculated using equation (9) and the value of " Q; " of the corresponding
routes is obtained. The value of A in equation (9) is generally taken as (A=0.5). The performance rankings of the related lines
according to their " Q; " values are given in Table 17.

Table 17: Ranking of Selected Lines by Q; Value Based on Transport Mode

Routes HSR Coach Airline
Ankara- istanbul 6 1 2
Barcelona-Madrid 3 5 4
Roma-Milano 4 2 3
Berlin-Frankfurt 5 6 5
Paris-Lyon 2 4 6
Londra-Manchester 1 3 1

Table 17 shows that the London-Manchester route ranks first among the routes included in the study, while the Paris-Lyon
line ranks last. When analysing the HSR ranking, the London-Manchester corridor ranks first, as in the airline sector. The
Ankara-Istanbul HSR route ranks last among the selected corridors. If we look at the coach, we can see that the Ankara-
Istanbul route is in first place this time. On the other hand, the Berlin-Frankfurt route ranks last.

When analysing the ranking of the routes by mode, the London-Manchester is in first place for HSR and air, and in third place
for road. In the general evaluation of the route, it can be seen that it is ahead of the other lines in terms of cost-benefit
according to the selected criteria. Of course, there could be several reasons for this. First of all, the frequency values of the
route in question are quite high. The high frequency reduces the total journey time and gives the user a time advantage.
Returning to the routes, the Berlin-Frankfurt line comes last in the ranking of all transport modes. The Berlin-Frankfurt
corridor is an important corridor on the east-west axis of Germany, but unlike the other lines, the frequency of buses is quite
low. In addition, it can be seen that ticket prices on this route are high due to the fact that only traditional airlines operate.
For these reasons, this route lags behind the others in the ranking.

If we look at the Ankara-Istanbul route, the high frequency compared to other transport options and the relatively low ticket
prices due to this intense competition have brought it to the first place in this field. The main reason for the high frequency
is undoubtedly the fact that the Ankara-Istanbul line is also part of the road connecting Istanbul with the eastern provinces
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of the country. Almost every company coming from the eastern cities passes through Ankara, and this linear line is also
contains the Ankara-Istanbul route. Otherwise, the Barcelona-Madrid and Rome-Milan routes were generally in the middle
of the list for each mode of transport.

5. CONCLUSION AND IMPLICATIONS

The aim of this study is to compare transport corridors (routes) with similar characteristics in terms of different criteria, and
in this context the performance evaluation was carried out using Entropy and WASPAS, which are multi-criteria decision
making methods. Prior to the performance evaluation, the criteria were identified and each criterion was weighted according
to objective criteria. The weighted criteria were then calculated using the WASPAS method and the best and worst performing
routes for each mode were ranked.

This research is considered to make several theoretical and practical contributions. Firstly, although there have been many
studies of multi-criteria decision making in the transport sector, they have been either sector specific or have compared at
most two modes of transport. The few studies that have included all modes have evaluated factors such as investment
decisions and transport policies, as well as factors related to future steps to be taken in this direction. In contrast to other
studies, this study compares and ranks the routes on which all modes of transport operate simultaneously and which have
similar characteristics according to criteria established using real data. On the other hand, it is expected that the results
obtained will also guide decision-makers. In particular, taking into account the weighting of the performance criteria of the
routes, the tariffs of the route concerned can be regulated or an investment programme can be set up to make the public
transport modes (e.g. HSR) more competitive.

The research has several limitations. The first is that the evaluations are limited to the secondary data obtained during the
ranking of the lines. Although the criteria used in the research are related to the transport industry and in particular to
passenger transport, they can be applied to different industries (e.g. freight, logistics, etc.). In this context, it is expected that
the generalisability of the research results will increase with more different industries and more criteria in future studies.

Future studies to be carried out in the field of transport can also analyse routes in different countries and evaluate the
differences between countries. Another limitation of the study is related to the methodology used. The entropy method was
used to weight the criteria used in the evaluation process and the WASPAS method was used to rank the routes. Other
weighting methods (BWM, F/AHP, SWARA, etc.) and ranking methods (ARAS, EDAS, VIKOR, etc.) can be used in future studies.
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ABSTRACT

Purpose- This study aims to provide a bibliometric review of publications where the terms 'digital marketing' and 'artificial intelligence' are
used together. Leading publications, authors, countries, and institutions in the Web of Science (WoS) database have been examined to
achieve this goal. Additionally, this article investigates the combined use of digital marketing and artificial intelligence. Furthermore, itaims
to offer insightsinto artificial intelligence strategies for marketing that businesses can employ.

Methodology- The research employs the technique of bibliometric analysis. The Bibliometrix package within R Studio and its web-based
component, Biblioshiny, were utilized for analysis. Searches were conducted in the Web of Science database using the keywords 'Digital
Marketing' and 'Artificial Intelligence'in thetitle, abstract, and keywords sections.

Findings- As a result of the analysis, a total of 60 publications authored by 140 researchers and distributed across 46 journals between 2017
and 2023 were identified. Examination of the included publications reveals frequent usage of terms such as 'artificial intelligence,' 'creativity,'
‘analytics,' impact,' 'expertise,' 'social networks,' 'big data,' 'governance,' 'success,' and 'Al.' Upon scrutinizing the authors' countries, India
emerged as the leading contributor, followed by Spain and the USA. Moreover, Finland (370), Spain (92), and France (58) had the highest
citation counts.

Conclusion-This research aims to contribute toresearchers interested inworking in digital marketing and artificial i ntelligence by examining
its past and present. For this purpose, 60 relevant studies from the literature were systematically reviewed and analyzed acr oss various
categories. Additionally, the examined publications' conceptual, intellectual, and social structures were illuminated.

Keywords: Digital marketing, artificial intelligence, Al systems, bibliometric analysis, bibliometrix.
JEL Codes: M15, M30, M31

1. INTRODUCTION

With the rapid advancement of technology in today's world, digital marketing strategies are undergoing a significant
transformation. Artificial Intelligence (Al) plays a critical role in this transformation. Al technologies offer marketers a range
of advantages, such as big data analysis, personalized content creation, improvement of customer experience, and
automation of sales processes (Murgai, 2018).

In this study, digital marketing and artificial intelligence research, indexed in Web of Science, has been examined through a
multidimensional perspective using bibliometric analysis, a qualitative research method. First, this article examines how
artificial intelligence is used in digital marketing and explores its potential benefits. Al technologies support digital marketing
in various areas, such as personalization, customer service, data analysis, and forecasting. The article focuses on examples of
usage in these areas and highlights current research in the literature. Second, digital marketing and artificial intelligence
research, indexed in Web of Science, has been examined through a multidimensional perspective using bibliometric analysis,
a qualitative research method.

Combining previous research results and bibliometricinformation s vital in progressively enhancing scientific understanding.
Applying bibliometric analysis enables animpartial evaluation of scientific writings through a quantitative methodology. Such
investigations deliver an open, methodical, and replicable literature survey. This bibliometric survey enlightens individuals
seeking to explore pertinent scholarly works (Zupic & Cater, 2015). Bibliometrics comprises a collection of numerical and
mathematical techniques employed to assess and examine the excellence and volume of articles, books, and other written
works. Enhancement of information and communication endeavors, coupled with the advancement of scientific
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documentation, results from a numerical appraisal of the generation, circulation, and application of data garnered from
library assemblages and amenities like WoS within bibliometric investigations.

Consequently, the objective is to enrich the comprehension of the scientific research mechanism within bibliometric studies
(Osareh, 1996). Numerous bibliometric metrics like citation counts, keywords, titles, partnerships, and organizations can be
generated from various databases. Utilizing these databases allows for the execution of bibliometric investigations. The
exploration of bibliometrics can revolve around attributes of publications, citation influence, national evaluation, and topic
scrutiny. Notably, bibliometric scrutiny differentiates itself from systematic reviews and meta-analyses (Donthu et al., 2021).

Sixty accessible studies were reached by searching with the keywords "digital marketing" and "artificial intelligence" in the
title, abstract, and keywords sections on WoS.

This research is organized as follows. First, the concepts of digital marketing in the literature are explained. Then, from the
marketing perspective, the artificial intelligence theoretical background is based on previous research. A bibliometric analysis
process followed this given inthe methodology section. In the last section, our findings are detailed, and contributions of the
study are presented.)

2. LITERATURE REVIEW
2.1. Digital Marketing

Digital marketing is an approach where marketing activities are carried out through the Internet and other digital
technologies. Businesses aim to reach their target audience, increase customer interactions, and boost sales using digital
channels (Chaffey & Ellis-Chadwick, 2019). Digital marketing is closely related to marketing itself. Businesses use digital
marketing processes to reach their target audience effectively. Digital marketing offers a more measurable, customer-centric,
and interactive approach than traditional marketing methods. It also helps better understand customer behavior and makes
marketing efforts more efficient. Businesses that employ marketing strategies and tactics involving digital technologies,
particularly the Internet, can build brand awareness, manage customer interactions, and directly reach their target audience
(Mangold & Faulds, 2009).

Additionally, businesses can analyze consumer behavior, engage with their target audience, andincrease sales (Ryan & Jones,
2009). Businesses aim to reach their target audience and manage customer relationships using digital marketing through
websites, social media platforms, e-mail marketing, and other digital channels (Frost & Strauss, 2016). Digital marketing
encompasses marketing strategies that involve the Internet and other digital technologies. Businesses can measure their
marketing outcomes using digital channels (Chaffey & Smith, 2017).

It has been noted that digital marketing is a factor that influences marketing strategies (Smith & Zook, 2011). O nline platforms
provide various tools for businesses to reach and engage with their target audience. This has led to the adopting of digital
marketing strategies that replace traditional ones. Digital marketing has made marketing activities more measurable and
trackable for businesses (Mangold & Faulds, 2009). Businesses can better understand customer behavior and optimize their
marketing efforts through internet-based tools and analytical methods. Digital marketing has increased customer interaction
and encouraged engagement (Chaffey & Ellis-Chadwick, 2019). Social media, blogs, and online discussion forums allow
businesses tointeract directly with customers and receive feedback. This interaction can enhance brand loyalty and customer
satisfaction. Digital marketing has allowed businesses broader global market access (Frost & Strauss, 2016). The Internet
eliminates geographical limitations, allowing businesses to reach customers worldwide. This increases the growth potential
for businesses ininternational markets. Digital marketing can reduce costs and improve business efficiency (Hollensen, 2019).
While traditional marketing methods often require higher costs, digital marketing offers a more economical and scalable
option. Businesses canreduce costs and increase profitability by advertising and selling online through digital platforms.

Therefore, digital marketing encompasses marketing activities through digital technologies and provides businesses with
opportunities to enhance brand awareness, customer interaction, customer relationship management, and sales.

2.2. Artificial Intelligence

Artificial intelligence refers to a field that enables computer systems to utilize human-like cognitive abilities such as
performing complex tasks, learning, reasoning, and decision-making (Nilsson, 1998). Therefore, it is an area that deals with
the design and development of computer systems capable of modeling and performing these cognitive abilities exhibited by
humans (Luger, 2009). Artificial intelligence represents the effort to mimic or achieve human-like intelligence using computer
systems. These systems can possess cognitive abilities such as learning, reasoning, language processing, perception, and
problem-solving. In this regard, artificial intelligence is a scientific discipline that enables computer systems to have human-
like intelligence and employs intelligent algorithms to perform cognitive tasks (Russell & Norvig, 2016).
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Artificial intelligence enhances automation processes in various sectors. It is effective in areas such as automated control of
production lines, management of robotic systems, and automation in data analysis and predictions (Huang & Rust, 2021).
Artificial intelligence is utilized in medicine for diagnosis, treatment, and patient care. It plays a significant role in disease
diagnosis, image analysis, drug development, analysis of health records, and patient monitoring (Kumaretal., 2021). Artificial
intelligence is employed in financial services for risk assessment, investment strategies, fraud detection, customer service,
and trade analysis (Tiwari et al., 2020). Artificial intelligence plays a significant role in the automotive industry, particularly in
autonomous vehicles and driver assistance systems. It analyzes sensor data of vehicles to evaluate environmental factors and
make driving decisions (Tubaro & Casilli, 2019). Artificial intelligence is utilized in education for student assessment,
personalized learning, adaptive learning, virtual teachers, and language learning (Elhajjar et al., 2021). Artificial intelligence
is used in natural language processing techniques for text understanding, translation, analysis, and generation. It is widely
employed in voice assistants, text-based chatbots, and language translation applications (Shankar & Parsana, 2022). Artificial
intelligence enhances interaction in customer services through chatbots and virtual assistants. It performs tasks such as
answering questions, resolving issues, providing recommendations, and enhancing the customer experience (Dimitrieska et
al., 2018). Artificial intelligence is used in security for threat detection, prevention of cyber attacks, fraud detection, and video
surveillance (Li, 2018). Artificial intelligence is also employed in artistic fields such as music, painting, and literature. It is
utilized for music composition, image generation, and text creation (Eriksson et al., 2021).

Artificial intelligence is now considered a necessityin the modern corporate environment. Both small and large organizations
are utilizing these technologies to enhance the efficiency of their business operations and provide customers with better,
personalized experiences (Jain & Pandey, 2017). Artificial intelligence is now intelligently automating data-driven and
repetitive tasks for marketers, reducing costs and accelerating revenue growth by improving their ability to make wide-scale
predictions. The abundance of data, exponential growth in computing power, and the availability of artificial intelligence from
leading technology companies are reducing, and sometimes replacing, the time-intensive, data-focused tasks commonly
performed by marketers (Jarek & Mazurek, 2019). Traditional marketing strategies rely on intuitive and experience-based
decision-making. Data analysis is limited, and predictability is low. Artificial intelligence can analyze large amounts of data
and provide predictability. Machine learning and data analytics algorithms can assist in predicting customer behaviors,
identifying trends, and optimizing marketing strategies (Fathali et al., 2022). Traditional marketing often involves messages
and campaigns targeting general audiences. Personalization and targeting are limited. Artificial intelligence enables customer
segmentation and personalization by analyzing collected data. Personalized messages, product recommendations, and
experiences can increase customer engagement and conversion rates (Huang & Rust, 2021). Traditional marketing usually
offers one-way communication and has a limitedimpact on the customer experience. Artificial intelligence can enhance the
customer experience by providing interactive and personalized experiences. Al-based applications such as chatbots, voice
assistants, and personalized recommendations increase customer interaction and provide a more positive experience
(Marinchak et al., 2018). Traditional marketing processes are often manual and time-consuming. Automation is limited, and
efficiency is low. Artificial intelligence improves efficiency by providing automation in marketing processes. It offers
opportunities for automation in tasks such as data analysis, campaign management, and customer relationship management
(Rathore, 2023). Traditional marketing strategies must be revised to predict conversion rates and increase sales. Artificial
intelligence, through data analysis and predictability, has the potential to increase conversion rates and optimize sales.
Analyzing customer behaviors can enhance conversions through personalized offers and campaigns (Haleem et al., 2022).

Artificial intelligence can make marketing processes more efficient, effective, and personalized. It contributes significantly to
marketing in data analysis, predictability, automation, personalization, and customer experience. However, the human factor
and creativity are essential in marketing strategies. Marketers who embrace artificial intelligence technologies can create
significant and sustainable competitive advantages for themselves and their businesses. Artificial intelligence allows
marketers to enhance their marketing strategies, improve customer experiences, and grow their businesses by providing
various advantages.

3. DATA AND METHODOLOGY

This research will help identify the dynamics of the transition from digital marketing to artificial intelligence in the literature
and provide a comprehensive perspective for future research where marketing sciences intersect with Al sciences. The
bibliometric analysis method was used in the research. Fundamental studies, writers, nations, and organizations have been
investigated. Biblioshiny, a web-oriented element of the Bibliometrix R package, was employed to perform the explanatory
examination of document scanning. Bibliometric analysis has been extensively employed across various disciplines and serves
a broad range of applications. It provides a comprehensive overview of a research area that articles, authors, and journals
can categorize. Citation indexes are commonly used as data sources in bibliometric studies. According to Pritchard (1969),
bibliometrics is a method involving the application of mathematics and statistics to the written communication medium for
understanding the nature and progression of a discipline. Broadus (1987) defines bibliometrics as a quantitative study of
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physically published units, bibliographic units, or both. In simpler terms, Norton (2001) characterizes bibliometrics as a
measure of texts and information. Bibliometrics is a valuable contemporary tool that allows researchers to explore their
research domains and assess outputs and outcomes. Aria and Cuccurullo (2017), the "bibliometrix" software package is
crafted for utilization within the R coding language. This facilitates a thorough exploration of literature-based investigations
and furnishes researchers with perspectives into advancements within diverse domains.

The study of bibliometric data consists of two segments. The first segment selects the source from which research can be
analyzed. For this purpose, the Web of Science database has been chosen. A search query has been formulated for
comprehensive data collection in the second segment. For this purpose, the field of social sciences has been selected, various
filters have been applied to the search query, and it has been adjusted to align with the objectives and yield optimal results.
The final search query is 'TITLE-ABS-KEY ("digital marketing" AND "artificial intelligence"). In the study, publications were
examined in August 2023. Therefore, there will be more publications by the end of 2023. So, 60 accessible studies were
reached by searching with the keywords in the title, abstract and keywords sections on WoS.

This research aimed to answer the following research questions:

RQ1: What is the distribution of articles related to digital marketing and artificial intelligence, indexed in Web of Science,
based on years?

RQ2: Which universities and research-publishing journals contribute the most to the literature on digital marketing and
artificial intelligence?

RQ3: How have the keywords of research in digital marketing and artificial intelligence changed over the years?

RQ4: Which studies and authors have made the most significant contributions regarding digital marketing and artificial
intelligence citations?

In the research, these questions are answered through descriptive analysis. Furthermore, the fundamental sources, authors,
countries, publications, and connections in the publications where digital marketing is used in conjunction with artificial
intelligence are being analyzed. In addition to these, the analysis utilizes Bradford's Law to identify core sources (Viju &
Ganesh, 2013). According to the Bradford Law, sources are divided into three zones. Zone 1 is highly productive and is
considered the nuclear zone. Zone 2 is moderately efficient, and sources related to Zone 3 have low productivity.
Fundamental areas of study and essential motifs are crucial in connecting diverse strands of research and shaping the future
trajectory of academic inquiry. We have embraced specific technical instruments like co-occurrence maps, thematic maps,
and thematic evolution analyses to achieve this objective. Our utilization of Keywords Plus is motivated by its ability to
delineate the scholarly framework of the study and facilitate the recognition and interconnection of distinct research domains
(Liet al., 2016). The author's chosen keywords signify the principal focal points of the investigation. Keywords sourced from
the database succinctly encapsulate the article's essence. Unlike the author's designated keywords, keywords present more
elaborative patterns (Tripathi et al., 2018). To unearth research streams and motifs within the literature, we employ
'biblioshiny,' a bibliometric analysis tool furnished by the R-program, centered around exploring research keywords.

4. FINDINGS

The analysis revealed 60 publications, written by 140 researchers, that were spread from 2017 to 2023. As a result of the
analysis, research in scientific journals obtained from the WoS database was found in different categories during the review
process. These are summarized below as the distribution of studies conducted over different years, different types of
research, authors with the highest number of citations, studies with the highest number of citations, countries that produce
the most research, journals that publish most frequently, and the most frequently encountered keywords in research.

4.1. Publications over the Years

Figure 1 gives the number of publications distribution in the journal from 2017 to 2023. In Figure, the publication-year
distribution shows an increasing trend. One publication was made in 2017, 1in 2018, 4 in 2019, 8 in 2020, 18 in 2021, 18 in
2022, and 10 in 2023 (August). So figure illustrates the distribution of research throughout the years within digital marketing
and artificial intelligence. The annual growth rate of study counts was determined to be 44.22%. Upon considering a broad
research perspective linked to marketing driven by digital marketing and artificial intelligence, a cumulative count of 60
publications of 140 authors spread across 46 journals was detected (2017-2023). In the study, publications were examined
in August 2023. Therefore, there will be more publications by the end of 2023. Considering past trends, the upward trend in
the number of publications will continue.
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Figure 1: Publications over the Years
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4.2. Most Relevant Sources

Most Relevant Sources refers to the mostimportant or relevant among publications or sources in bibliometric analysis. This
term is used to identify the most cited, most read, or most cited sources regarding a particular research topic or field. Figure
2 shows the most relevant sources for Digital Marketing and Articial Intellgigence in WOS. To construct this table, the
beginning search results from the WOS database yielded 60 studies. When the articles examined in the field of Digital
Marketing and Artificial Intelligence, these articles included in this research were most commonly published in "The
Australasian Marketing Journal (AMJ)", "Industrial Marketing Management," and "International Journal of Market Research
(WMR)." So, these journals occupy the first three positions on the list, each with two publications. Subsequently, itis observed
that the journals follow one publication, respectively. AMJ is an academic journal aimed at sharing cutting-edge marketing
research with researchers, students, educators, scholars, and practitioners. The primary goal of AMJ is to release papers that
enhance and contribute to the progress of both the field and the practical application of marketing. Industrial Marketing
Management offers theoretical, empirical, and case-driven research tailored to the requirements of marketing academics
and professionals who are engaged in studying and operating withinindustrial and business-to-business markets. Founded
in 1958, the International Journal of Market Research (IJMR) is dedicated to publishing original research that tackles
important challenges in the field of market research and insights. Primarily, IMR is a practical journal that aims to foster a
conversation among professionals, academics, and individuals in business or public sectors who rely on research and insights
for making informed decisions, generating influence, and instigating change. The journal publishes both theoretical and
empirical papers authored by established and emerging scholars with diverse methodological backgrounds. IJMR's primary
goal is to create animpact through the applicability of the researchit publishes. Submissions should address pertinent issues
for stakeholders and offer actionable insights for practical implementation.
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Figure 2: Most Relevant Sources
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4.3. Most Relevant Affiliations

Most Relevant Affiliations refers to the institutions or organizations that are considered the most significant or important in
a particular research field or for a specific set of scholarly publications. These affiliations are determined based on various
bibliometric indicators, such as the number of publications, citations, or other relevant metrics associated with researchers
or institutions. When conducting bibliometric analyses, researchers may be interested in identifying the institutions that are
most active or influential in a given field. This information can help in assessing the research landscape, collaboration
patterns, and the impact of specific organizations or academic institutions. So, this section presents the most relevant
universities where the studies have been published. As shown in Figure 3, Rey Juan Carlos University (Spain) stands out with
four publications. Following that, institutions like Polytech Porto University (Portugal), Swansea University (United Kingdom),
University of Almeria (Spain), and University of Warsaw (Poland) each have three publications. Rey Juan Carlos University is
a public university located near the capital city Madrid, founded in 1996. It offers various undergraduate, postgraduate, and
doctoral programs. Itis known forits strong academic presence in fields such as communication, engineering, health sciences,
and social sciences. Polytech Porto University is situatedin Porto, Portugal, and is considered a prominent higher education
institution in the fields of engineering and technology. It offers various undergraduate programs, particularly in engineering
disciplines, and prioritizes technology-focused research. Swansea University, located in the region of Wales, is one of the
leading research universities in the United Kingdom. It offers a wide range of undergraduate and postgraduate programs. It
is especially recognized for its research contributions in science, engineering, health sciences, and social sciences. The
University of Almeria is located in the southeastern part of Spain and is known as a strong research and education center in
the fields of agriculture, environmental sciences, and engineering. It plays a particularly significant role in agricul ture and
environmental matters. The University of Warsaw is one of Poland's oldest and largest universities. It offers a wide range of
academic disciplines and makes significant contributions to science, arts, and culture. Located in the capital city of Poland,
Warsaw, the university is one of the country's most prestigious educational institutions.
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Figure 3: Most Relevant Affiliations
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4.4. Country of the Corresponding Author

Corresponding Author's Countries information is important data to evaluate the geographical and international dimensions
of the research in bibliometric analyzes and to understand how the research field is affected on a global scale. Figure 4 shows
the top 20 corresponding author’s countries of study. Single country publications (SCP) stands for simple country publication,
and multiple country publications (MCP) stands for worldwide collaborative papers. The most striking result is that India came
first, followed by Spainand the USA, for SCP and MCP. The ratio of MCP to total publications of the top 20 countries was 50%
for India, indicating that Spain, Finland, France, Canada, and Ireland strongly preferred international cooperation regarding
submerged study.

Figure 4: Corresponding Author's Countries
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4.5. Most Cited Countries

Most Cited Countries data is important for assessing the influence of countries in a particular research area and understanding
the geographical distribution of the research area. For researchers, this data provides valuable information that they can use
to evaluate collaboration opportunities and improve their field. According to Figure 5, the examination of citations is applied
to assess the efficiency of authors, papers, or journals by evaluating their citation frequencies. The subject of examination
encompasses papers, authors, and journals. Its strengths lie in its ability to locate pivotal research within the discipline.
However, a drawback is that recent publications may have a lower cumulative citation rate, with most citations being directed
toward earlier works (Zupic & Cater, 2015). The most cited countries were ranked Finland (370), Spain (92), and France (58).
Accordingly, citations from Finland are very high compared to other Top 9 countries. Finland stands out as the country with
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the most citations on this subject and ranks first with 370 citations. This shows that Finland is influential in the production of
research and publications in this field, and that work from this country has received wide international attention. Spain and
France also stand out with 92 and 58 citations respectively. These countries provide significant scientific influence on a
particular topic or subtopic. These results show that researchers inthese countries are producing work that is recognized and
cited internationally.

Figure 5: Most Cited Countries
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4.6. Most Local Cited References

Most Local Cited References datais important for understanding the impact, importance and collaboration opportunities of
local research resources and research. Using this data, researchers can better understand local research areas and increase
their scientificimpact by promoting local resources internationally. This data helps measure the impact of local research on
local or international literature. Seeing which local sources are cited by a wider audience can also help understand the
importance and impact of those sources. This section displays the primaryregional mentioned sources citation spectroscopy,
prevailing terms, hierarchical visualization, lexical shifts, and emerging subjects (derived from additional keywords and the
author's specified words). Regarding Figure 6, the most significant number of citations were done to Huang & Rust (2018),
Huang & Rust (2021), and Kannan (2017) in the research included in this bibliometric research.

Figure 6: Most Local Cited References
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4.7. Most Frequent Words

Most Frequent Words data is useful for analyzing the content of texts, identifying major themes, identifying keywords, and
examining language use. This analysis can help researchers uncover important information and patterns in texts. This field
can help researchers better understand the literature, identify trends and areas of interest, create research strategies, and
identify research gaps. When the articles included in this research were examined, it was seen that keywords such as artificial
intelligence (f=6), innovation (f=5), analytics (f=4), impact (f=4), knowledge (f= 4), social media (f=4), big data (f= 3),
management (f= 3), performance (f= 3), and ai (f=2) were used (see Figure 7). The frequent use of the words "artificial
intelligence" and "innovation" together may indicate that artificial intelligence plays an important role in innovation
processes. The frequent use of the terms "analytics" and "big data" indicates that the use of data analysis and big data is
important in the fields of digital marketing and artificial intelligence. A research focus could be set to examine how analytical
methods and big data analysis are being used in this field. When the words "social media" and "performance" are used
together, it may indicate that digital marketing strategies focus on performance on social media platforms. "Management"
and " Using the words “impact” together may indicate that you want to evaluate the impact on Al and digital marketing
management. Highlighting the word “information” provides an opportunity to understand how information is used as a
communication tool in digital marketing strategies and Al applications.

Figure 7: Most Frequent Words
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4.8. Tematic Map

Thematic maps present the results of text mining and bibliometric analyzes in a more understandable and visual way,
providing researchers with deeper understanding and valuable information. These maps are an important tool for visually
representing and analyzing literature. In this study, the thematic map had five clusters. When the author’s keywords were
considered, niche themes were internet and power (see Figure 8). Emerging theme was social media. The Basic theme was
impact. Motor themes were artificial intelligence-knowledge-big data and innovation-analytics-management. The fact that
the emerging theme is "social media" indicates the importance of research and literature in this field. This shows that
researchers are interested in the power, influence and use of social media and that this topic is important. The underlying
theme of "impact" indicates the focus of the research. The research is likely focused on understanding the impacts and
implications of studies on digital marketing, artificial intelligence, or similar topics. The "motor themes" mentioned in the
analysis, "artificial intelligence-information-big data" and "innovation-analytics-management," determine the sub-themes of
the research. These concepts highlight specific subtopics in the literature and reflect areas of greater focus of analysis.
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Figure 8: Tematic Map

artificial-intelligence
knowledge
big data

innovation
analytics
management

Development degree
(Density)
T
1
|
1
1
1
1
1
1
|
1
T
1
|
I
|
1
1
|
1
1
1
|
1
1
|
1
1
1
1
1
1
|
1
1
1
|
1
1
|
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
|
1
1
1

social media impact

Relevance degree
(Centrality)

4.9. Core Sources by Bradford's Law

A domain is generally dominated by a few journals as per Bradford's law (Bradford, 1985), formulated by S. C. Bradford. It
states that journals can be classified into three distinct zones, each with one-third of the total articles. Bradford's law is also
utilized to gain insights into the central cluster of journals and the scholarly output of authors in this domain. In the real m of
bibliometric scrutiny, various instruments are accessible, including VOSviewer, Bibliometrix, and CiteSpace; each software
application presents its advantages and limitations (Batra et al., 2023). This serves as the focal point where most research
papers with cross-referencing are issued. Scholars readily discern that the core journals host a substantial portion of the
pertinent articles within the designated field. This holds within the realm of cross-listing investigations (See Table 1). In the
first two rows of the table, there are two sources such as "AUSTRALASIAN MARKETING JOURNAL" and "INDUSTRIAL
MARKETING MANAGEMENT". Both sources appear with a frequency of 2 (Freq). This indicates that these sources are
important references on a particular topic or field and are frequently cited in the literature. The "CumFreq" column shows
the cumulative frequency of sources. That is, it represents the total frequency of sources added sequentially, starting with
the first source. For example, the source "INFORMATION SYSTEMS FRONTIERS" inrank 3 reached 6 in cumulative frequency.
This means that the first six sources were cited 6 times in total The "Zones" column indicates the conclusion of Bradford's
Law. This column divides sources into different zones, or "zones." Generally, Bradford's Law lists the most frequently cited
sources in the first zone (Zone 1) and the second (Zone 2) ) predicts slightly less frequently cited ones and so on. According
to the table, all sources are located in "Zone 1", meaning that these sources are generally cited with the same frequency.

Table 1: Core Sources by Bradford's Law

Sources Rank | Freq cumFreq | Zones
AUSTRALASIAN MARKETING JOURNAL 1 2 2 Zone 1
INDUSTRIAL MARKETING MANAGEMENT 2 2 4 Zone 1
INFORMATION SYSTEMS FRONTIERS 3 2 6 Zone 1
INTERNATIONALJOURNAL OF MARKET RESEARCH 4 2 8 Zone 1
13TH INTERNATIONAL CONFERENCE INTERDISCIPLINARITY IN ENGINEERING 5 1 9 Zone 1
(INTER-ENG 2019)
2018 INTERNATIONAL CONFERENCE ON HIGH TECHNOLOGY FOR 6 1 10 Zone 1
SUSTAINABLE DEVELOPMENT (HITECH)
2019 19TH IEEE INTERNATIONAL CONFERENCE ON DATA MINING (ICDM

7 1 11 Zone 1
2019)
2019 IEEE9TH INTERNATIONAL CONFERENCE ON SYSTEM ENGINEERING 8 1 12 Zone 1
AND TECHNOLOGY (ICSET)
2020 FIFTH INTERNATIONAL CONFERENCE ON FOG AND MOBILE EDGE

9 1 13 Zone 1
COMPUTING (FMEC)
4TH INTERNATIONAL CONFERENCE ON INNOVATIVE COMPUTING (IC) 10 1 14 Zone 1
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5. CONCLUSION

This article offers a different perspective on artificial intelligence for academics in digital marketing and contributes to the
existing literature. Al is a significant factor in transforming digital marketing and shaping future marketing trends. Al
technologies in extensive data analysis, personalized content creation, improving customer experience, and automating sales
processes offer marketers a competitive advantage. Al-based marketing systems are predicted to advance, making marketing
strategies more efficient, effective, and personalized. Al will intelligently automate data-driven and repetitive tasks for
marketers in the future. Accordingly, digital marketing costs will decrease, and the ability to make large-scale forecasts will
improve, accelerating revenue growth. Marketers must adapt to these trends and explore new opportunities by utilizing Al.

Furthermore, it aimed to conduct a bibliometric analysis of digital marketing and artificial intelligence articles searched in
WoS with the biblioshiny interface obtained using the R bibliometrix package in this research. Bibliometric analysis methods
are categorized in various manners. This study discussed citation, author, word, and bibliometric coupling analysis. Combining
preceding research discoveries and bibliometricinformation constitutes a pivotal stride toward the progressive enhancement
of scientific understanding. Bibliometric investigation objectively evaluates the scientific written works through a quantifiable
methodology. Such inquiries offer a transparent, methodical, and replicable scrutiny of the literature. This bibliometric
evaluationilluminates individuals desiring to delve into pertinent scholarly literature (BUytkkidik, 2022). Bibliometric analyzes
provide researchers with a better understanding of their position in the literature and their potential contributions. These
analyzes can help researchers make more informed and strategic decisions, conduct better research, and follow
developments in the relevant field.

Hanetal. (2021) systematically examined artificial intelligence-supported B2B marketing literature by applying a bibliometric
research method on artificial intelligence and business-to-business marketing. Their study summarized 221 journal articles
published between 1990 and 2021. In this regard, they suggested future research directions on this subject to researchers.
Although this study considers B2B strategies and artificial intelligence, which are innovations in the field of digital marketing,
since our research directly examines artificial intelligence and digital marketing, it contains more general findings and dif fers
from the other studies. Faruk et al. (2021) examined 925 articles published in Scopus between 2000 and 2019 to understand
the current situation in digital marketing and show how effective studies shape it. The findings reveal that an average of 2.18
authors contributed to each digital marketing article, and the collaboration index was 2.71. It also shows that the top
contributing countries in digital marketing are the USA, India, and the UK. Research studies in the field of digital marketing It
divided into three main groups: strategic planning and digital marketing, application development and mobile marketing, and
studies on customer demographic profiles. Varsha et al. (2021) examined the impact of artificial intelligence on brands in
their exploratory research. This research was conducted using the Scopus database, which contains 117 articles covering the
period 1982-2019. The study used bibliometric methods such as collaboration, citation analysis, and co-citation analysis. The
empirical research investigated the value propositions of artificial intelligence on brands. The study identified nine distinct
topic clusters, four clusters of citation analysis, and four co-citation analyses. As a result, the study provided up-to-date
information on the impact of Al on brands, revealing merger and spin-off patterns and multi-disciplinary involvement on the
topic. Chae (2022) used a bibliometric approach, aiming to map the academic literature in digital business. The study
examined 1,868 articles covering the 20 years between 2000 and early 2021. The research focused on research trends in
digital business, publication sources, highly cited articles and prolific researchers, popular themes, and their changes over
time. Bawack et al. (2022) combine research on artificial intelligence in e-commerce and provide guidelines through which
information systems research can contribute to this field. Bibliometric analysis and literature review are combined using an
innovative approach. Bibliometric data was analyzed on 4335 documents, and 229 articles published in leading information
systems journals were examined. The research shows that studies on artificial intelligence in e-commerce mainly focus on
recommendation systems. Additionally, main research themes such as sentiment analysis, trust, personalization, and
optimization have been identified. China-based institutions have been determined to be leaders in this field. The study's
literature review reveals the main topics and themes of interest to information systems experts. Based on these findings,
recommendations for future research are offered.

As a result, in this bibliometric analysis study, after considering a comprehensive research perspective related to digital
marketing and artificial intelligence-driven marketing, a total of 60 publications written by 140 authors distributed among 46
journals were identified (2017-2023). In the realm of Digital Marketing and Artificial Intelligence, the articles encompassedin
this exploration most frequently surfaced in "Australasian Marketing Journal," "Industrial Marketing Management," and
"International Journal of Market Research". For researchers who want to study this subject in the future, these resources will
help them determine the most effective resources. Therefore, these sources can be an important reference source for
researchers and can be used as basic sources of information for future studies. On the other hand, Rey Juan Carlos University
(Spain) stands prominent with four published works. Subsequently, establishments like Polytech Porto University (Portugal),
Swansea University (United Kingdom), University of Almeria (Spain), and University of Warsaw (Poland) each boast three
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publications. The countries of the corresponding authors were examined, and India took the lead, followed by Spain and the
USA. The countries with the highest citations were Finland (370), Spain (92), and France (58). The highest number of
references were attributed to Huang & Rust (2018), Huang & Rust (2021), and Kannan (2017) within the study encompassed
by this bibliometric analysis. Upon reviewing the articles included in this research, it became evident that terms such as
"artificial intelligence, creativity, analytics, influence, expertise, social networks, extensive data, governance, achievement,
and Al" were employed.

By examining the publications, authors, universities and authors' countries in this study, it may be possible to increase the
level of collaboration between researchers from different countries. In particular, articles with communication authors from
many different countries establish international collaboration and research networks. Therefore, for researchers who will
work by combining digital marketing and artificial intelligence, this study provides general information about the status of
the literature, trends and changes in the field are expressed, and important publications and researchers are introduced.
these gains will benefit researchers inidentifying research gaps. Additionally, the countries of study authors working on digital
marketing and artificial intelligence are useful for understanding how a particular topic or field is affected by different
geographical, cultural or social contexts. This allows you to evaluate the generalizations or contextual limitations of research
results. The results obtained emphasize the importance of international cooperation. It would be especially appropriate to
have a highly cited country like Finland, and for international researchers working in the field of artificial intelligence and
digital marketing to cooperate with this country. Moreover, the results show that countries such as Spain and France can
innovate and pioneer in a particular field of research. Researchers in these countries canalso lead future studies in this field.

Digital marketing encompasses marketing activities that aim to reach target audiences, engage with them, and achieve
businesses' goals through digital technologies. Digital marketing offers advantages such as reaching wider audiences,
personalized marketing approaches, real-time measurement and analysis, and higher conversion rates. Businesses can gain
a competitive advantage and enhance their success through digital marketing strategies.

Artificial intelligence (Al) with personalization can deliver personalized marketing content by analyzing user behaviors. Al
algorithms can analyze users' preferences, past shopping experiences, and other data to provide tailored content and offers
to each customer. Through big data analysis and learning capabilities, Al can give marketers more insights into customers'
preferences, behaviors, and needs. This enables marketers to offer their target audience more personalized content. Al can
make recommendations based on customers' past interactions and make real-time adaptations to enhance the customer
experience further.

Regarding customer service, Al-powered chatbots can provide instant support to users and automate customer service
processes. Chatbots can answer customer queries, resolve issues, and even facilitate sales. Al enables faster and more
effective customer service. Al will accelerate the development of automated customer service tools like chatbots and virtual
assistants. Al-based chatbots can answer customer questions, resolve issues, and even perform sales transactions. This
enables companies to provide customer service more efficiently and increase customer satisfaction.

In content creation and creative processes, Al will play a significant role and automate content creation processes. Al
algorithms can generate and edit text, videos, or graphics. This can assist marketers in producing content faster and more
efficiently. Digital marketing strategies can be supported by big data analytics and predictive analysis. Al can rapidly analyze
millions of data points and shape future marketing strategies with insights derived from these data. This allows companies to
understand consumer behaviors better and provide more relevant content to their target audiences. Al can assist marketers
in analyzing large datasets and predicting trends. Al algorithms can analyze customer behaviors and market trends to predict
future demands, enabling companies to plan their strategies more effectively.

Through Al-powered automated ad management, Al can facilitate the automatic management and optimization of advertising
campaigns. Al continuously monitors campaign performance and can automatically adjust advertising budgets and targeting
parameters. This can improve advertising efficiency and reduce costs. Al can contribute to developing more targeted and
personalized advertisements in advertising. By analyzing customer data, Al can optimize decisions such as which users to
show ads to, which content to use, and which channels to prefer. This can enable more effective utilization of advertising
budgets. Al algorithms can analyze large amounts of data and detect patterns indicating fraudulent activities or security
breaches. Marketers can leverage Al to enhance trust and reliability, protect customer data, prevent fraud, and ensure secure
transactions. Future digital marketing trends include Al and machine learning applications, integration with voice search and
smart devices, data privacy, and ethical considerations. Businesses need to adapt to these trends and stay updated to remain
competitive. There are numerous benefits for businesses in utilizing Al and digital marketing, including improved customer
experience, more effective marketing strategies, increased efficiency, and competitive advantage. However, there are also
challenges associated with this integration. For instance, Al algorithms must be trained correctly, and issues such as data
privacy and ethics should be carefully addressed.
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Al provides marketers with valuable insights, automation capabilities, and personalized customer experiences. By harnessing
Al technologies, marketers can optimize their strategies, improve campaign performance, and ultimately accelerate business
growth in today's data-driven and customer-centric environment. Including Al in marketing can significantly enhance
productivity, efficiency, and performance.

6. LIMITATIONS

This study provides a significant resource for researchers working in artificial intelligence and digital marketing and
acknowledges that the results come with certain limitations. The resources examined in the study have been restricted to the
WoS (Web of Science) database. While the WoS database is recognized as an essential repository by numerous international
academic institutions, it has excluded a considerable portion of the studies available in the literature. Future researchers
could conduct similar bibliometric analyses using different databases. Another constraint within the study stems from the
number of publications examined. Subsequent studies could explore the intersection of artificial intelligence and marketing
using different keywords.
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