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Abstract

The study aims to increase awareness levels by determining the perceptions of logistics program students regarding
Industry 4.0 before they start working, to examine the acceptance of these technologies, and to accelerate technological
adaptation by enabling businesses in the sector to benefit more from these applications, thereby contributing to the
sector and students. Due to the limited number of studies in the literature on Industry 4.0 applications in the logistics
sector, the study also aimed to contribute to the literature on this subject. In this context, 156 data were obtained from
students of the Logistics Program at Usak University through a survey method and analyzed. The results of the analysis
revealed that participants had a high level of awareness of Industry 4.0 and believed that the use of Industry 4.0
applications was easy and beneficial. It was concluded that perceived benefits, perceived ease of use, and intentions to
use would increase usage behavior. Additionally, it was determined that intentions to use played a full mediating role
in the relationship between perceived benefits and usage behavior. Having a high level of awareness about Industry
4.0 applications will be beneficial for both themselves and their businesses. Additionally, when they begin working,
they can contribute to the competitiveness and development of logistics businesses by promoting the widespread use
of these applications.
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Teknoloji Kabul Modeli Cergevesinde Lojistik Ogrencilerinin Lojistik Sektoriindeki
Endiistri 4.0 Uygulamalarina Iligkin Algilarinin Belitlenmesi

Oz

Aragtirmada lojistik programi 6grencilerinin ¢alismaya baslamadan 6nce Endistri 4.0 algtlarinin belitlenerek farkindalik
duizeylerinin artirilmasi, bu  teknolojilerin  kabuliniin incelenmesi ve bu sayede sektérdeki isletmelerin bu
uygulamalardan daha fazla faydalanmalarini saglayarak teknolojik uyumu hizlandirp sektére ve Sgrencilere katki
saglanmast amaclanmistir. Literatiirde lojistik sektértindeki Endistri 4.0 uygulamalart ile ilgili calismalarin sinirlt sayida
olmasindan dolayi, bu konuda literatiire de katki saglamast hedeflenmistir. Bu dogrultuda Usak Universitesi Lojistik
Programi 6grencilerinden anket yontemi ile 156 adet veri elde edilip analiz edilmigtir. Yapilan analizler sonucunda,
katiimeilarin Endustri 4.0 farkindalik diizeylerinin yiiksek oldugu ve Endiistri 4.0 uygulamalarinin kullaniminin kolay
ve faydali oldugunu disindiikleri belirlenmigtir. Algilanan faydanin, algilanan kullanim kolayliginin ve kullanima
yonelik niyetlerinin kullanma davranisini artiracagt sonucuna ulasilmustir. Ayrica kullanima yonelik niyetlerinin algilanan
fayda ve kullanma davranssi iliskisinde tam aracilik rola ustlendigi belirlenmistir. Endistri 4.0 uygulamalari hakkinda
farkindalik duzeylerinin yliksek olmast kendileri ve isletmeler agisindan faydali olacaktir.  Ayrica calismaya
basladiklarinda da bu uygulamalarin kullaniminin yayginlagsmasint saglayarak lojistik isletmelerinin rekabetine ve
gelisimine katk1 saglayabileceklerdir.

Anabtar kelimeler: Endustri 4.0, Lojistik 4.0, Teknoloji kabul modeli

Please Cite As / Atuf igin:

Dagdeviren, 1. D., & Mirza, S. (2026). Determining logistics students' perceptions regarding industry 4.0 applications
in the logistics sector within the technology acceptance model framework. Manas Sosyal Aragtirmalar Dergisi, 15

(2), 747-769. https://doi.org/10.33206/mjss.1716568
Received Date / Gelig Tarihi: 10.06.2025 Accepted Date / Kabul Tarihi: 18.02.2026

1 Ogr. Gor. Dr. - Usak Universitesi, Esme Meslek Yiiksekokulu, Usak, Tiurkiye, ethem.dagdeviren@usak.edu.tr,

® ORCID: 0000-0003-2317-6407
2 Ogr. Gor. Dr. - Usak Universitesi, Egme Meslek Yiiksekokulu, Usak, sakir.mirza@usak.edu.tr,

@ ORCID: 0000-0003-4869-864X

@ This work is licensed under CC BY-NC-ND 4.0.


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.tr
https://orcid.org/0000-0003-2317-6407
https://orcid.org/0000-0003-4869-864X

DAGDEVIREN & MIiRZA
Determining Logistics Students’ Perceptions Regarding Industry 4.0 Applications in the Logistics Sector within the
Technologg/ Acceptance Model Framework

Introduction

The Industrial Revolution, which started with the use of the steam engine, continued with the
introduction of electricity and the internet, caused major changes. With Industry 4.0, which started to be
expressed at the Hannover Fair in 2011, these changes have accelerated and a digital transformation has
occurred. The concept of Industry 4.0, which is also used as the Fourth Industrial Revolution, is defined as
“moving data to a level that will benefit production” (Culot et al., 2020, s. 2). Especially with the rapid
changes in technology, while businesses and individuals in society have not yet adapted to Industry 4.0, the
concept of Industry 5.0 came to the forefront in Japan in 2016.

The logistics sector is one of the sectors most affected by Industry 4.0 applications, which are critical
for the competitiveness and sustainability of businesses. Industry 4.0 applications in the logistics sector,
which has been affected by all Industrial Revolutions from the past to the present, are referred to as Logistics
4.0 or Smart Logistics. Since it is not possible for the supply chain and logistics activities of enterprises not
to be affected from these changes, some large enterprises around the world have started to create their
digital supply chain and logistics structures in this direction (Lin and Jones, 2009). Because businesses have
started to use supply chains and logistics activities as a key to compete with their competitors in the
international market (Li et al., 2006). In addition, with the increase in the world trade volume, the importance
of the logistics sector has increased even more and has reached the band of 8-12 trillion dollars globally
(Maidan, 2020). This value is expected to grow by 7.4% annually and reach 16 trillion dollars in 2026
(Transparency Market Research, 2019). Therefore, Industry 4.0 applications are a new and critical issue in
the logistics sector, which is considered one of the most important sectors for businesses and countries. As
Abriad and Kristian (2021) expressed, in terms of competitiveness and sustainability, all logistics businesses
need to adapt to these technologies and more research needs to be done on this issue (Abdirad and
Krishnan, 2021). However, researchers such as Ulusoy, 2019; Tas and Alagéz, 2021; Bolat, 2019; Ozdemir
and Ozgiiner, 2018; Ekincioglu, 2019; Cikmak and Yazgan, 2023 concluded in their research results that
logistics businesses in Turkey cannot benefit from these applications at the expected level. As a reason for
this, it was stated that logistics enterprises do not have a qualified workforce suitable for this technology,
their Industry 4.0 awareness levels are low and they do not have sufficient knowledge about these
technologies (Ulusoy, 2019; Tas and Alagdz, 2021; Bolat, 2019; Ozdemir and Ozgiiner, 2018; Ekincioglu,
2019; Cikmak and Yazgan, 2023; Geissbauer et al., 2016; Pouermehdi et al., 2022; Jabbour et al., 2018).

However, as a result of their research, Khan et al. (2022) included the willingness to invest in Logistics
4.0 and education and training among the top ten critical success factors in Logistics 4.0 adaptation (Khan
et al. 2022). Such research results are widely encountered in the literature regarding the importance of
Industry 4.0 technologies in the logistics sector. In order to contribute to the solution of these problems
expressed in the literature on Industry 4.0 technologies in the logistics sector, it is thought that it is very
important for the logistics sector and students to increase the level of awareness of students studying in the
logistics program before they start their business life in the sector and thus to improve themselves about
technology. For this reason, the aim of the study is to increase the awareness levels of logistics program
students by determining their perceptions of Industry 4.0 before they work in the sector, to examine the
acceptance of these technologies, and thus to contribute to the sector and students by accelerating
technological adaptation by enabling businesses in the sector to benefit more from these applications. For
this purpose, the technology acceptance model, which is widely preferred in the literature and used to
determine the adoption of technologies by individuals, was used in the research. In line with the research
purpose, the research question is “what is the level of awareness of logistics program students about Industry
4.0 technologies and is there a relationship between perceived benefit, perceived ease of use, intention to
use and usage behaviors related to these technologies? “was determined as follows.

As a result of the study, students will be able to respond to the sector's need for qualified personnel by
developing themselves within the framework of Industry 4.0 applications. Thus, by making more use of
Industry 4.0 applications in the sector, it will be possible to keep up with digital transformation and gain
competitive advantage. As a result, it will be possible to contribute to the formation of global logistics
companies and employment. In addition, although studies on Industry 4.0 are widely available in the
literature, there are fewer studies on logistics 4.0, which includes the logistics sector. In a sector that is of
great importance for businesses and countries, there is no study that examines the awareness levels of
individuals with the technology acceptance model and the relationship between the determined variables in
the mediator variable dimension. Therefore, this study aims to contribute to the literature and to the
researchers who will conduct future research in this field. In the study, after the Industrial Revolutions were
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explained respectively, information was presented about the reflections of these Industrial Revolutions on
the logistics sector. Then, the importance of Logistics 4.0 applications in the logistics sector is mentioned
and short information is presented about some technologies commonly used in the logistics sector within
the scope of Industry 4.0 and the technology acceptance model. Then, the purpose, population, model,
hypotheses, analysis and findings of the research are presented. Finally, in line with the research findings,
the study is completed with the conclusion section, which includes the contributions of the research to
theory and practice, limitations and suggestions for future studies.

Conceptual Overview of the Study

Industry 1.0 Concept

The invention of the steam engine by Thomas Newcoms in 1712 and its development and use in the
industry by James Watt in 1763 is called Industry 1.0 or the First Industrial Revolution (Musiad, 2017). The
steam engine was first used to pump water in mines (Metin, 2019), and when used in these areas, it could
only move linearly. Later, it was developed by working on it and its usage area was expanded by making it
capable of circular movement. Thus, it began to be used in different areas such as the textile industry, paper
industry, breweries, and mills (Challoner, 2022). John Fitch used the steam engine on steamboats (Parsons,
2012), and American Robert Fulton used it on ships in 1807, enabling steamboats and ships to move with
machines (Musiad, 2017). Its use on ships, especially on international voyages, has provided great
convenience and advantage (Metin, 2019). Later, in 1812, steam engines began to be used in locomotives
and thus the railway was developed (Musiad, 2017). All these developments contributed to the development
of trade. The Industrial Revolution, which can be considered a milestone in human history, is the beginning
of events in economic, political, and social fields. The effects of these developments continued for a long
time. They made great economic contributions to countries by shortening production time and increasing
efficiency (Ozdemir, 2023). The invention of the steam engine, which was a revolution, accelerated the
economic growth of countries such as the United States and England (Musiad, 2017).

During the First Industrial Revolution, the use of steam power in other machines continued. In
addition, the use of coal instead of wood as fuel became more widespread in this period. Coal, which started
to be preferred due to its cost advantage, was also used in metal production and thus the prices of metal
products decreased and products such as wire and nails started to be produced (Agarwal, 2017). Such effects
of the Industrial Revolution continued for many years and the first examples of the use of many machines
until 1900 were in this period. In fact, the first examples of the use of some of the machines used and
developed today date back to this period (Ozdogan, 2018).

Industry 2.0 Concept

The Second Industrial Revolution (Metin, 2019), which started in the mid-19th century and continued
until the First World War, emerged with the use of electricity in industry and thus, technological tools began
to be invented for use in production (Agarwal, 2017). Oil and petroleum products becoming important in
the economy, the development of the automotive sector and electricity are among the important
developments that marked this period (Musiad, 2017). Steam power and coal, which were widely used in
the First Industrial Revolution and caused great changes, were replaced by oil-derived resources and
electricity in the Second Industrial Revolution. The internal combustion engine and petrol invented in this
period started to be used as an energy source (Metin, 2019). Electrical energy was utilized in machinery and
production lines (Goretin, 2017) and used in industrial production, especially in regions where coal stocks
were not sufficient (Metin, 2019). Thus, production processes became standardized, transformable
according to need and flexibility increased (Gorgiin, 2017). The Second Industrial Revolution enabled the
production of products in parts and was used in production by Henry Ford. By inventing the mass
production line, Ford started a new era in the automotive sector and then increased productivity by using it
in other sectors (Ozdemir, 2023).

With the increased production due to the use of electricity in industry, products were transported by
railways and steamships developed in the First Industrial Revolution and trade increased further (Musid,
2017). The use of steam power in ships provided great convenience, but the use of oil-powered ships during
the Second World War further reduced costs and overseas trade increased further (Ozdemir, 2023). In this
period, the use of the telephone and telegraph in communication also contributed significantly to the
development of trade (Musid, 2017).
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Industry 3.0 Concept

The Third Industrial Revolution (Musiad, 2017), which refers to the period between the Second World
War and the 1980s, is also called the Digital Revolution or the Computer Revolution. Personal computers
and the Internet have effective to use this expression (Schwab, 2016). During the Third Industrial
Revolution, innovations in information communication systems and communication technologies are
among the important developments. These technologies were also used in industry and transport systems,
affecting the supply chain and marketing (G6r¢iin,2017). The introduction of the Internet has primarily
enabled supply chain management to be expressed in economic life (Musiad, 2017). Later on, the change in
the internet caused elements such as e-commerce and social media to be included in trade (Sart and Yilmaz,
2020). In addition, in the Third Industrial Revolution, nuclear energy became a source of energy and the
need for physical labour decreased with the transition to automation in production.

Industry 4.0 Concept

Industry 4.0, which is defined as "the process in which advanced internet, communication, and
information technologies are integrated with the strengths of the industry used in the traditional sense",
(Schmidt et al., 2015) was first introduced at the Hannover Fair in Germany in 2011. Then, it was expressed
different names in different countries and the paths to be followed within this framework were determined.
The foundation of Industry 4.0, which is expressed with different names such as "Smart Manufacturing
Coalition" by the UK, "Fututre Industry Initiative" by France, "Factories of the Future" by the European
Union (Oztemel and Giirsev, 2018, s. 158), are digital connectivity, new technology and innovative
production that emerged thanks to the internet (Rainnie and Dean, 2019, s. 3). In Industry 4.0, which uses
information technologies, sensors and machines, machines, equipment, and products communicate with
each other and create smart systems (Kovacs and Kot, 2016). Smart networks control the mechanism
between the parts in the system by connecting the workpieces and systems in the enterprise (Mueller, 2017).
In this direction, Industry 4.0 includes many different applications such as robotic systems, simulations,
digital designs, data mining, and intelligent production systems and establishes close cooperation between
them by using information communication technologies (Zhou et al., 2015). These applications included in
Industry 4.0 are expressed in Figure 1.
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Figure 1. Basic Building Blocks of Industry 4.0 Technology (https:/ | www.endustri40.com/ endustri-taribine-kisa-bir-
yolenlnk).

In the 21st century, technology is developing very rapidly. Technologies that are called the newest can
be replaced by other technologies in a few months. For this reason, it is very difficult for businesses to
ensure continuity and compete if they don't follow the technology (Musiad, 2017). Industry 4.0 applications
are applications that are based completely on digital transformation. Since these applications cause
significant changes in the business processes of enterprises, enterprises must make plans for this digital
transformation process (Alipour, 2018). As a result of the technology and applications use with
coordination, improvements achieves in different areas such as productivity increases, energy saves, quality
increases, and products can be test with simulation techniques before introduce to the markets (Oztemel
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and Girsev, 2018). Since production is made using sensors and robots that can exchange information
(BTIK, 2021), human mistakes can reduce by switching to mass production, the obligation to keep stock
can eliminate, costs can reduce, waste can reduce, and efficiency and effectiveness can increase (Ak and
Kagnicioglu, 2021). However, for businesses to achieve all these benefits, they must comply with the
following 4 basic principles when using Industry 4.0 (Metin, 2019);

e Interoperability: Machines, devices, people and sensors need to communicate and coordinate with
each other through Internet of Things technology.

e Information Transparency: Data collected through sensors should be processed using information
communication technologies.

e Technical assistance: Assistance systems should be used to support people by accurately collecting and
visualizing information to make the right decisions. In addition, if there are situations that put people
in a difficult situation in terms of occupational safety, cyber-physical systems should be preferred.

e Decentralized decision-making: Cyber systems must make decisions themselves and perform tasks

independently.

Industry 5.0 Concept

Society 5.0, which started to be expressed with the 5th Science and Technology Basic Plan approved
by the Japanese Cabinet on 22 January 2010, is a technology that aims to create a sustainable society to
improve people's quality of life by using cybet-physical systems (Fukuda, 2019). Although Industry 5.0, also
referred to as Society 5.0, is an Industrial Revolution that emerged in Japan, it is based on the welfare of the
whole society, not just individuals living in Japan. Society 5.0, aims to make all people happy by developing
technologies to contribute to the solution of social problems for people to enjoy life (Fukuyama, 2018).
While businesses and individuals have not yet adapted to Industry 4.0, the changes experienced have
revealed the concept and practices of Society 5.0. The Industrial Revolutions experienced in this process
are shown in Figure 2.
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Figure 2.Society 5.0 Development Process
(https:/ | www.japan.go.jp/ abenomics/ _userdata abenomics/ pdf] society_5.0.pdj).

While Society 5.0 is a technology that aims for robots to work under human control and communicate
with collaborative robots, Industry 4.0 aims to connect robots and physical systems (Baygin, 2022). Since
machine-based production is adopted in Industry 4.0, people will be unemployed, poorness will arise, and
thus economic and social problems will reduce the quality of life of individuals. Therefore, Industry 5.0
technology is based on the use of technology for the benefit of society by involving people at critical points,
emphasizing creativity in production, producing individual products and thus creating societies with high
welfare levels.
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Transition Process From Logistics 1.0 To Logistics 4.0 Digital Transformation

One of the sectors most affected by the changes in society is the logistics sector. In the process from
Industry 1.0 to 5.0, changes in the field of industry have also emerged in the logistics sector. Because the
logistics system, like production systems, must be flexible and nimble. Therefore, during the period of the
First Industrial Revolution, the period referred to as Logistics 1.0 was experienced and this period started
with the use of water and steam power in physical systems. This process was described as the beginning of
global transport operations (Cigekli, 2017) and operations were carried out with trolleys in the warchouse
and used transport vehicles powered by steam. With the use of steam power in ships, transport operations
were carried out by trading with distant countries. In the period referred to as Logistics 2.0, both electricity
and oil started to be used in transport activities (Galindo, 2016). Thus, new vehicles were used, resource
planning and automatic storage operations were made. With Logistics 3.0, information communication
technologies were used in logistics processes and thus accessed information faster (Cengiz, 2020).

Logistics 4.0, also referred to as Digital Logistics or Smart Logistics, is defined as “the applications and
effects of Industry 4.0 technologies on logistics” (Miller and Voigt, 2018). According to Barreto et al. (2017),
Logistics 4.0 is “an inbound and outbound logistics optimization that needs to be supported by intelligent
systems with databases and software that process relevant information collected and shared with systems
based on the Internet of Things to provide an advanced level of automation” (Barretto et al., 2017, s. 1248).
One of the application areas of Industry 4.0 technologies is the logistics sector, and the emergence of
Logistics 4.0 was caused by the developments in Industry 4.0 (Strandhagen et al., 2017). Logistics 4.0 has
enabled the digital management of logistics activities among supply chain members (Barretto et al., 2017).
By combining production and consumption with artificial intelligence, it has digitized the supply chain
(Bukova et al.,, 2018) and enabled humans and machines to communicate via the internet (Barretto et al.,
2017). As important as the concept of Industry 4.0 is for factories, Logistics 4.0 is just as important for the
supply chains of businesses. Since the logistics sector serves all sectors, it must adapt to these changes in
the industry (Yilmaz and Duman, 2019). In smart factories, it is not possible for the logistics sector not to
be affected by a technology in which there are no working limits and the need for manpower is reduced
thanks to robotic systems that use robots under the control of artificial intelligence, eliminating errors,
reducing defective products, warning against the possibility of machine breakdown and reminding
maintenance times (Tang and Veelenturf, 2019). In fact, since the logistics sector is one of the sectors most
affected by technological changes, it is unlikely that businesses in supply chain and logistics activities will
pretend that they are not affected by these changes.

Figure 3 shows the transition process from Logistics 1.0 to Logistics 4.0. In parallel with the changes
in the industry, changes have also emerged in the logistics sector and the complexity of logistics activities
has increased from Logistics 1.0 to Logistics 4.0. Beginning in the first quarter of the 21st century, Logistics
4.0 continues to develop today (Yilmaz and Duman, 2019); ( Dembinska, et. al, 2018). Although the concept
of Industry 5.0 started to be used in 2016, the process of adaptation to Industry 4.0 still continues in many
sectors. Especially in the technologies used after Logistics 3.0, it is known that the internet has come to the
forefront and is important for many technologies.
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Figure 3. Development of Logistics (Galindo, 2016, s. 26).
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Logistics 4.0 Technologies and Benefits in the Logistics Sector

There are many Industry 4.0 technologies that businesses can use in their supply chains and logistics
activities. These technologies are needed in this period as in the past to ensure the competitiveness and
sustainability of businesses. Because these technologies can be effective in solving many problems. One of
these technologies that is important for the sector is the internet of things. The Internet of Things (IoT) is
“a system that connects devices and enables accurate and real-time information communication”(Yang et
al., 2022). It is one of the important technologies that is widely used in the logistics industry and creates new
opportunities (Witkowski, 2017). IoT is an effective technology in reducing damages to goods and workers
by providing convenience to businesses in identifying risks that may be caused by storage in warehouses.
Thanks to the Internet of Things in warchouses, objects can be connected to objects and operators to
objects, so that shelves, pallets, equipment and people can be monitored, and information can be integrated
into other systems and responded quickly (Trab et al., 2017). It can also provide information on whether
pallets are open during transportation, the location and safety of products (DHL, 2015). It also makes a
great contribution to reducing errors in transportation, eliminating waste in loading, ensuring operational
efficiency and safety, and performing route operations (Lee and Lee, 2015). It enables the goods to be
tracked and managed in all logistics processes, and the data obtained through this technology are analyzed
and shared among the chain members in full time and information flow is provided (Demir et al., 2020).

In a period when information is becoming more and more important every day, another important
technology among these technologies is big data. The data obtained during the activities of supply chain and
logistics are very valuable for businesses. These data collected through software systems need to be
separated, analyzed and used when necessary. In this direction, data stacks, referred to as big data, are used
in the warehouse where data collected from different sources at the same time through sensors are recorded
for processing by smart objects (Banger, 2018). This data in big data can be analyzed and used in strategic
decisions and logistics planning can be made with future forecasts (Aylak, 2022; Facchini et al., 2019).

Another technology that provides great ease to supply chain and logistics activities is blockchain
technology. Popularized in 2008 after the article published by Stuart Haber and Scott Stornetto, Blockchain
is “a unique cryptocurrency system in which data set transactions are effectively distributed” (Jiang et al.,
2020). This technology, which is expressed as one of the most important inventions after the invention of
the Internet (Efanov and Roschin, 2018), was announced as one of the top ten emerging technologies by
the World Economic Forum in 2016 (Myeong and Jung, 2019). This technology, which is also suitable for
use during the realization of supply chain and logistics activities (Hinckeldeyn and Jochen, 2018), is used in
integration with the Internet of Things (Gupta, 2017). IBM Toyota, Maersk, Walmart, Ford, Ford, Apple,
Nestle, UPS are some of the important businesses that use blockchain technology in supply chain and
logistics activities (Kshetri, 2018; Kirkan, 2022; International Bussiness Machines (IBM), 2017).

Thanks to blockchain technology, smart contracts ate prepared within the supply chain and all
transactions of the supply chain are securely recorded and can be followed instantly by users (Baygin, 2022).
The technology does not allow any changes to the contract without the approval of the members of the
supply chain, and only after all conditions have been completed does the payment process automatically
take place (Rodrigue, 2018). Cambio, a coffee company, uses this technology to share all the processes of
its products from harvesting to reaching the customers, eliminating customers' worries about the product
(Kog, 2020). Walmart and Hyperledger have also set up a food tracking system by using this technology.
In this way, they reduced the time in mango following from 7 days to 2 seconds and thanks to the
technology, they created a sense of trust in their customers for meat products (Hypetledger, 2019). UPS
uses these technologies in cargo tracking, Maersk in container tracking, IBM in food supply. Thus, they
contribute to the minimization of supply chain members, decrease in costs and prevention of fraud (Zheng
et al., 2017). The use of technology is expected to increase in the next years due to the benefits gained by
using technology in supply chain and logistics activities.

In addition, autonomous vehicles such as robots in transportation operations, goods counting and
drones in transportation operations are some of the promising technologies that have started to be used in
supply chain and logistics activities. In addition, artificial intelligence applications are used in the logistics
sector to prevent malfunctions, minimize failure to meet customer expectations, and predict customer
demands (Aydan, 2019). In this direction, Maersk has achieved a 9% productivity increase by using an Al-
supported container loading system (MAERSK, 2020).
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The increase in global competition, rapid changes in customer needs, and new trends emerging with
technological developments have forced businesses to think about how to make better use of digitalization
in order to better manage their logistics activities (Marinagi et al., 2014). Disruptive innovations, especially
in the context of Industry 4.0, are expected to greatly impact logistics and supply chain efficiency and offer
great benefits to businesses (Henesey and Philipp, 2019) (Philipp, 2020) (Philipp et al., 2020). The
opportunities provided by these technologies are different from sector to sector Ctkmak and Yazgan, 2023).
Businesses that want to benefit from these technologies in the logistics sector need to invest in the right
technologies. Bigliardi et al. (2021) stated that these technologies are useful for logistics businesses to collect
and analyze accurate and reliable data (Bigliardi et al., 2021). Logistics 4.0 applications contribute to the
integration between supply chain members and ensure the smooth flow of materials and information. By
allowing the offering of information-based logistics services, it ensures that changes in demand are
monitored in full time. Thanks to technologies, the effectiveness and efficiency of businesses increase and
the ability to answer customers also develops ( Batleta et al., 2019). In addition, at a time when environmental
sensitivity is increasing day by day, Logistics 4.0 has critical benefits for environmental sustainability. These
applications will allow for the recycling of packaging materials and ease reverse logistics activities. With
effective route optimizations, it is stated that transportation times can be shortened and traffic density and
therefore harmful carbon emissions can be reduced (Pan et al., 2020; Bamberg et al., 2012; Issaoui et al.,
2021). In addition, studies emphasize that these technologies offer strategic advantages to businesses in
terms of cost, transparency, planning, performance increase and production (Bardakgi, 2020; Skapinyecz et
al,, 2018; Alnipak, 2023). However, just as these technologies provide different advantages to each sector,
the problems faced in their application on the bases of sectors may differ from business to business.
According to Citkmak and Yazgan (2023), the most important of these problems are “lack of awareness of
senior management about Industry 4.0, lack of digital strategy and lack of methodology in application
(Cikmak and Yazgan, 2023). Perotti et al. (2022) categorized the barriers to Industry 4.0 applications in
logistics as strategic, economic, cultural, technological and security (Perotti et al., 2022). Szymanska et al.
(2017) also reported that high investment costs are among the most important disadvantages (Szymanska
et al., 2017). According to Bamberger et al. (2017), the problems that logistics businesses may face if they
use Logistics 4.0 technologies are as follows (Bamberger et al., 2017):

e Lack of interest of businesses to adopt new business models,

e Unable to make new investments due to cash and capital requirements
e Not open to external ecosystems,

e Struggle to combine new technologies with old systems,

e Difficulty in managing financial risk and uncertainty.

Despite these problems faced by businesses, it is thought that it will be beneficial for businesses to
follow and use these technologies very closely. Because, companies that pay attention to this digital
transformation will be able to provide a decisive competitive advantage, while companies that do not pay
attention to it may fail in competition (Jeschke, 2018).

Technology Acceptance Model

Technology acceptance models describe the factors and process of adoption of a new technology.
These models are used to identify and explain the factors that affect the process of technology adoption.
Many studies have been conducted on technology acceptance models, this shows the popularity and
importance of the subject. The most widely used technology acceptance model is the technology acceptance
model developed by Davis in 1985. This model is based on the “theory of reasoned action” developed by
Fishbein and Ajzen in 1975. The model was accepted as the application of this theory, but it was reported
that the model did not include the subjective thought variable in the theory (Ursavas, 2022). At first, the
model included ease of use, perceived usefulness, attitude towards use and usage behavior, but in 1989,
Davis et al. removed attitude towards use and added intention to use as a new variable.

In the model, considering that ease of use and perceived benefit will affect individuals' intention to use
the technology and consequently their acceptance of the technology, these two variables are expressed as
the two main factors affecting the acceptance of technology. Therefore, according to the model, acceptance
of technology depends on the ease of use of that technology and the individuals' belief that the use of
technology will benefit them (Davis et al., 1989). Intention to use in the model is defined as “the likelihood
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of an individual to perform any behavior” (Oliver, 2010). In other words, it is the intention of individuals
to use or reject technology. Perceived ease of use refers to “the level of people's belief that the new
technology will not require too much effort and will be easier to use”. If a new technology is perceived to
be effortless to use compared to others, most people can prefer it. Perceived benefit refers to the positive
or negative thoughts that users have about the increase in performance in the organization if they use the
technology (Davis, 1989). Using behavior is a term that expresses the degree of frequency of individuals'
use of technology (Civici and Kale, 2007)

Aim and Importance of the Study

Industry 4.0 technology, which is undoubtedly one of today's popular topics, is a technology that has
provided new opportunities to many countries and created great changes. The logistics sector has been one
of the sectors most affected by this revolutionary Industry 4.0 technology, as it has been affected by all other
Industrial Revolutions. In the intensely competitive environment in which the logistics sector is involved,
businesses need to keep up with this technological transformation and innovations caused by technology in
terms of continuity. It is very important for both businesses and the country's economy that the logistics
sector makes sufficient use of these applications, which enable the emergence of innovations in many stages
of logistics activities and provide many advantages, especially cost and competitive advantage, to businesses.
In the results of academic studies conducted by different researchers on this technological transformation,
which has such a vital importance for both countries and businesses, it has been stated in the previous
sections of the study that businesses active in Turkey cannot benefit from Industry 4.0 applications at the
expected level. In their research results, Ayglin and Satt (2022) and Kiiciik (2023) stated the obstacles to the
applications as lack of knowledge and awareness about Industry 4.0 and lack of qualified personnel (Aygin
and Satt 2022; Kugtk, 2023). Similar to the results of this research in the literature, the reasons for the
insufficient use of Logistics 4.0 applications are that logistics enterprises do not have a qualified workforce
suitable for these technologies, low level of awareness of Industry 4.0 and lack of sufficient knowledge about
these technologies. In order to solve these problems, it is emphasized that it is necessary to have a qualified
workforce and to increase the awareness levels of individuals in the logistics sector. According to the
research findings of Kipper et al. (2021), as a result of the innovations created by Industry 4.0, employees
who are qualified about these technologies can be more beneficial to businesses instead of employees who
perform routine tasks (Kipper et al., 2021). Gorzelany et al. (2022) also stated that after Industry 4.0
technology, a concept also referred to as employee 4.0 has emerged and in this framework, the skills that
employees should possess have gained a special importance (Gorzelany et al., 2022). They also emphasized
that the skills of employees affect the organizational success of businesses. Glung6r (2024), on the other
hand, concluded that studies on Logistics 4.0 should be increased and the training of sector employees on
this subject should be improved (Glng6r, 2024).

In this framework, in terms of the technology acceptance model widely used in the literature, it is aimed
to increase the awareness levels of logistics program students by determining their perceptions of Industry
4.0 before working in the sector, to examine the acceptance of these technologies, and thus to contribute
to the sector and students by accelerating technological adaptation by enabling businesses in the sector to
benefit more from these applications. According to the technology acceptance model, it is important to
determine the current level of university students in the context of other variables in the model for the
realization of usage behavior. With the research, individuals will increase their level of awareness about
Industry 4.0 before they start working in the sector, and they will be able to be in the sector as knowledgeable
and qualified personnel. In the face of these new technologies, it has become a necessity for individuals in
the logistics sector to have knowledge about these technologies and to adapt to these technologies in terms
of employment, competitiveness and sustainability. Increasing the awareness of individuals about these
technologies, which need very critical investments, can increase their intentions related to the adaptation of
all components (Alnipak, 2023). The research findings are important in determining the impact of Industry
4.0 on logistics students and how they adapt to this digital transformation. Because raising awareness and
training individuals on this issue in order to adapt to the developments in technology is of strategic
importance for businesses, the sector and the country. As Belmonte et al. (2023) stated in their research,
students' logistics education is vital for their professional future (Belmonte et al., 2023).

The findings of the research can provide guidance in terms of contributing to the digital transformation
of the logistics sector, contributing to the development of Logistics 4.0 by making Logistics 4.0 applications
widespread, and raising awareness of individuals in the sector and ensuring their integration with these
technologies. As a result of the research, if students do not intend to use the technologies or do not think
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that the technologies are useful, the reasons for this can be investigated and necessary solutions can be
determined. Itis also expected that the research results can provide valuable information to industry partners
and researchers. Conducting this research in the logistics sector, which can be defined as the main center of
businesses and thus the main center of supply chains, increases the importance of the research even more.
Therefore, it is thought that the research on Industry 4.0 technology, which has a significant impact on the
logistics sector, which provides services to all sectors and is in contact with other sectors, should be
discussed in the logistics sector.

Due to the critical importance of the subject for businesses, studies on Industry 4.0 are of great interest
to researchers. However, it has been determined that there are scarce studies on Logistics 4.0 in the logistics
sector, which contributes significantly to the development of countries. There is no research that investigates
the perceptions of logistics students about Logistics 4.0 applications and aims to increase their awareness
levels with the technology acceptance model widely used in the literature. This shows the originality of the
study. Therefore, the research can offer a new perspective to the literature and contribute to completing an
important gap in the literature and thus expanding the literature. The fact that the research topic is actual
and the adaptation to Industry 4.0 technology is still in the development process makes the research
important and is expected to lead the researchers by providing a new perspective to the limited number of
studies in the literature. In addition, the fact that logistics students, who may be the qualified logistics
personnel of the future, are likely to work in international logistics enterprises or logistics enterprises in
other countries reveals the importance of the research results not only for Turkey but also for other
countries. In addition, it is thought that a similar study can be an exemplary study in terms of making
comparisons by applying similar research to students in logistics programs of other countries.

Method
Universe- Sample

The research population consists of students studying at Usak University Faculty of Applied Sciences
Logistics Management Program and Esme Vocational School Logistics Program in 2023-2024. The fact that
the researchers are lecturers in this university has been effective in determining the students of the Logistics
program of Usak University to the research population. It was thought that it would be useful to make a
research on this research population to provide a contribution to the employment of students. The research
population was limited to logistics program students in order to ensure the widespread use of Industry 4.0
technologies in the logistics sector. However, the fact that the participants consisted of individuals from
different cities/regions is important in terms of research data and results.

Data Collection Scales

To collect data from this research population, the survey method was applied and the surveys were
done face-to-face. The scales used in the research were prepared according to the 5-point Likert type and
there are 5 sections in the survey. The first part of the survey includes 7 items related to the demographic
characteristics of the participants, the second part includes 4 items related to the perceived usefulness scale,
the third part includes 4 items related to the perceived ease of use scale, the fourth part includes 3 items
related to the intention to use scale, and the fifth part includes 4 items related to the usage behavior scale,
for a total of 22 items.

Perceived usefulness and perceived ease of use scale was developed by Davis (1989), intention to use
and usage behavior scale was used and developed by Hu et al. (2003), translated into Turkish by Turan
(2011), and used by Torun and Cengiz (2019) through reliability and validity analysis. In the study, 1 data
was collected from each student and 156 data were obtained and analyzed in the SPSS program.
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The research model used in the study and developed by Davis et al. (1989) is shown in Figure 4.

Figure 4. Technology Acceptance Model
Analysis of Data

The data obtained in the study were analyzed using the SPSS (Statistical Package for Social Sciences)
for the Windows 23.0 program.

Findings
Demographic Findings

Information on the demographic distribution of the individuals participating in the study is given
in Table 1.

Tablo 1. Demographic Distribution of Individuals

Variables n %

Female 69 44.2

Gender Male 87 55.8

Awe 18-24 years old 149 95.5
& 25-34 years old 7 45

Institution of Study Esme Vocation'fil Schf)ol 28 17.9

Faculty of Applied Sciences 128 82.1

1. Class 70 44.9

Class 2. Class 59 37.8
3. Class 2 1.3

4. Class 25 16.0

7,500 and below 25 16.0

7,501-15,000 60 38.5

Family Monthly Income Status 15.001-22.000 34 21.8

22.001-30.000 17 10.9

30,001 and above 20 12.8

Having Previously Received Training or Course on  Yes 16 10.3

Information Communication Technologies No 140 89.7

1-3 hours 27 17.3

. . . 4-6 hours 91 58.3

Daily Average Internet Usage Time (Extracurricular) 710 hours 33 212
11 hours or more 5 3.2

Total 156 100.0

44.2% of the individuals participating in the research are women and 55,8% are men. 95,5% of
them are between the ages of 18-24, and 4,5% are between the ages of 25-34. 17,9% of them are studying
at Esme Vocational School and 82,1% are studying at the Faculty of Applied Sciences. According to the
variable of family income status, it was concluded that 16% have an income of 7.500 and below, 38,5% have
an income of 7.501-15.000, 21,8% have an income of 15.001-22.000, 10,9% have an income of 22.001-
30.000, 12,8% have an income of 30.001 and above. 89,7% of the participants had not received any training
or course on information communication technologies before. It is seen that 17,3% of the participants use
the internet for 1-3 hours outside of class, 58,3% for 4-6 hours, 21,2% for 7-10 hours, and 3,2% for 11
hours or more.

Reliability Analysis and Normality Test

The most preferred method for reliability analysis in the literature is internal consistency analysis. In
internal consistency analysis, Cronbach's Alpha Coefficient («) is calculated (Saruhan and Ozdemirci 2011).
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and this coefficient determines whether the statements in the scale express the whole or not. Commonly,
Cronbach's Alpha coefficient () is requited to be at least 0,70 (Altumsik et al., 2010). As a result of the
internal consistency analysis conducted in the research, Cronbach's Alpha value was calculated as 0,924 and
it was determined that the scale had excellent reliability.

In the study, skewness and kurtosis values were examined to determine whether the data conform to
normal distribution. For the data to exhibit normal distribution, the skewness kurtosis values should be
between 3 (Terzi, 2019). According to Table 2, it can be seen that the skewness and kurtosis values of the
research data are within these limits and therefore exhibit a normal distribution.

Tablo 2. Normality Analysis Results of the Scales

Scale and Dimensions Skewness Kurtosis Situation
Perceived Usefulness Dimension -1,248 2,973 Normal
Perceived Ease of Use Dimension -0,535 1,468 Normal
Intention to Use Dimension -0,784 1,923 Normal
Usage Behavior Dimension 0,804 1,312 Normal

Findings Related to Industry 4.0 Subscales

The evaluation of the items in the Likert-type scale used in the research was based on the criteria in
Table 3. It was assumed that the response intervals of the statements were equal. While calculating the
arithmetic averages, the formula (Highest value - Lowest value)/5 was used and the ranges were calculated
as 0,80 (Bas, 2013).

Tablo 3. Evaluation Range of Arithmetic Averages According to 5-point Likert Scale

Options Points Score Range Scale Evaluation
Absolutely Disagtree 1 1,00 - 1,80 Very low
Disagree 2 1,81 - 2,60 Low

Undecided 3 2,61 -3,40 Medium

Agree 4 341 -420 High

Absolutely Agree 5 4,21 - 5,00 Very High

Table 4 shows the averages related to Industry 4.0 subscales. The mean value of answers of the
students participating in the research regarding perceived usefulness is high (A=3,8510). Therefore, students
think that Industry 4.0 applications are beneficial for businesses and that businesses performance will
increase if these applications use. The mean values of answers regarding perceived ease of use (A=3,4722)
and intention to use (A=3,7404) are high. Participants think that Industry 4.0 applications will be easy to
use and effective in solving problems. They stated that they can use these applications because they think
that they will be easy to use and useful. It is seen that the mean value of answers regarding the use behaviour
(A=2,7900) is at a medium level. Since the students have not yet started to work in the sector, it can be
concluded that this value has a lower level than the others.

Tablo 4. Means Regarding Industry 4.0 Dimensions

N Average Min. Max.
Perceived usefulness 156 3,8510 1,000 5,000
Perceived ease of use 156 3,4722 1,000 5,000
Intention to use 156 3,7404 1,000 5,000
Usage behavior 156 2,7906 1,000 5,000
Industry 4.0 156 3,5080 1,000 5,000

Confirmatory Factor Analysis Results

Confirmatory factor analysis was performed to determine whether the scale, which was collected under
four predetermined factors, was similar to the sample in the study and whether the factors and the model
were verified with the sample data (Meydan and Sesen, 2015). Table 5 shows that as a result of the analysis,
the factor loading for the item "I can use Industry 4.0 technologies frequently" under the dimension of using
behaviour value was below 0.40. When the item was included under the intention to use dimension, the
factor loading value was 0,77 and therefore this item was evaluated within the intention to use dimension.
Thus, as a result of the factor analysis, it was determined that all of the factor loadings of the items were
above 0,40 and the correlation relations between the variables were significant. The average variance value
for the factors was calculated as 0,79204. Since the average variance value is above 0,40, convergent validity
is provided. The average variance value for the factors was calculated as 0,79204.
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Tablo 5. Confirmatory Factor Analysis Results

Factors Items Factor Loads
1- Using industry 4.0 technologies improves my performance. 0,782
Perceived Usefulness 2- Us?ng %ndustry 4.0 technolog@es %ncreases my prodgctivity 0,825
3- Using industry 4.0 technologies increases my effectiveness 0,809
4-1 find it useful to use Industry 4.0 technologies 0,580
1- Using industry 4.0 technologies is clear and understandable 0,606
Perceived Ease of Use 2- Using industry 4.0 technologies does not require much mental effort 0,761
3- Industry 4.0 technologies are easy to use 0,838
4- It is easy to do what I want using Industry 4.0 technologies 0,694
1- T'intend to use Industry 4.0 technologies in the future 0,789
Intention to Use 2- I plan to use Industry 4.0 technologies in the future 0,809
3- I predict that I will use Industry 4.0 technologies in the future 0,777
4- 1 can use Industry 4.0 technologies frequently 0,777
1- T cannot work efficiently without Industry 4.0 technologies 0,526
Usage Behavior 2- I do not use Industry 4.0 technologies 0,925
3- I rarely use Industry 4.0 technologies 0,847

Hypothesis Tests of Results

One-way regression analysis and multiple linear regression analysis were applied to determine the
relationships between the research variables. While the relationship between one independent variable and
one dependent variable was determined by simple regression analysis, the relationship between more than
one independent variable and one dependent variable was determined by multiple linear regression analysis

In addition, the mediating role of intention to use in the relationship between perceived benefit and
usage behavior was investigated by linear regression analysis. There are many techniques used to test
mediation models in the literature. One of the oldest and widely used traditional methods is the method of
“Baron and Kenny” (Giirbtiz and Bayik, 2021; Rasoolimanesh et al., 2021). According to this method, each
step or way is expected to be statistically significant. According to the method, the conditions necessary for
a variable to be a mediator are as follows:

e The independent variable should significantly affect the dependent variable.
e The relationship between the independent variable and the mediator variable should be significant.
e The mediator variable should have a significant effect on the dependent variable.

e  When the mediator variable is included in the model, the disappearance of the significance of the
previously significant relationship between the independent variable and the dependent variable means
full mediation, the weakening of the relationship means partial mediation, and the absence of a
significant difference means no mediation (Baron and Kenny, 1986; Hofmann and Riisch, 2017).

Table 6. One-Way Regression Analysis Results

Dependent  Independent

2
Variable Vatiable 5 ! P F Modal (p) R
Perceived Constant 1,507 6,589 0,000
" C
Usefulness  Lereeived 0,675 10,446 0,000 109,124 0,000 0,415
Ease of Use
Intention to Constant 1,355 6,2069 0,000
oo Perceived 0,687 11133 0,000 123,935 0,000 0,446
Ease of Use
Intention to Constant 0,728 3,892 0,000
Des Perceived 0782 16379 0,000 268,263 0,000 0,635
Usefulness
Constant 1,772 5,717 0,000
Usage Perceived 11,194 0,001 0,068
Behavior 0,265 3,346 0,001 ’ ’ ’
Usefulness
Constant 1,868 6,052 0,000
Usage Intention  to 9258 0,003 0,057
Behavior Dee 0,247 3,043 0,003 ’ : :

One-way regression analyses were done to determine the relationship between the variables in Table
6. The data obtained in Tables 6-7-8 were analyzed at 95% significance level. A P value less than 0.05 (p<.05)
indicates that the relationship is significant, while a P value greater than 0.05 (p>.05) indicates that the
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relationship is insignificant. A positive 3 value indicates that the relationship is positive, while a negative 3
value indicates that the relationship is negative. R? value shows how much the change in the independent
variable causes a change in the dependent variable.

As a result of the analysis, it was determined that the participants' perceptions of ease of use
significantly (p< .05) and positively (3= 0.675) affected their perceptions of perceived benefits. A change
of 1 unit in the perceived ease of use variable causes a change of 0,415 units in the perceived benefit variable
(R2=0,415). Therefore, hypothesis Hj is accepted. Therefore, it is determined that the participants think that
Industry 4.0 applications are easy to use and thus the technology can be beneficial for them. In some studies
in the literature, it has been stated that individuals think that Industry 4.0 applications are not easy to use,
so the technology is not used sufficiently. As in the result obtained, the fact that individuals think that
Industry 4.0 applications are easy to use may lead them to think that these applications can be useful. Thus,
it is expected that Industry 4.0 applications can be benefited from more in the sector.

It was determined that participants' perceived ease of use significantly (p< .05) and positively (3=
0,087) affected their intention to use. A change of 1 unit in the perceived ease of use variable causes a change
of 0,446 units in the intention to use variable (R?=0,446). Therefore, the hypothesis Hz is accepted.
Individuals who think that Industry 4.0 applications are easy to use will increase their intention to use them.
If individuals in the sector can be made to think that Industry 4.0 applications are easy to use, it is likely that
these technologies can be used more in the sector.

It has been determined that the participants' thoughts on perceived usefulness have a significant (p<
.05) and positive (3= 0,782) effect on their intention to use. A change of 1 unit in the perceived benefit
variable causes a change of 0,635 units in the intention to use variable (R2=0,635). The H3 hypothesis was
also accepted. The fact that individuals think that technology is useful indicates that the use of Industry 4.0
applications in the sector will increase. Introducing Industry 4.0 applications to individuals in the sector
more comprehensively and explaining their benefits can increase the usability of the applications in the
sectof.

Participants' perceived benefit levels have a significant (p<< .05) and positive (3= 0,265) effect on usage
behavior. A change of 1 unit in the perceived benefit variable causes a change of 0,068 units in the usage
behavior variable (R2=0,068). Therefore, hypothesis Hy is accepted. Individuals who think that Industry 4.0
applications are beneficial in the logistics sector will be more likely to use these technologies.

Participants' intention to use has a significant (p< .05) and positive (3= 0,247) effect on usage behavior
and hypothesis Hs is accepted. A change of 1 unit in the intention to use variable causes a change of 0,057
units in the usage behavior variable (R2=0,057). Individuals' intention to use Industry 4.0 applications has a
direct effect on usage behavior.

Tablo 7. Multiple Regression Analysis Results

Dependent Variable Independent Variable 13 t P F Modal (p) R?
Constant 0,428 2,256 0,025
Intention to Use Perceived usefulness 0,615 10,426 0,000 159,660 0,000 0,676

Perceived Ease of Use 0,271 4,388 0,000

Multiple regression analysis was conducted to determine the effects of perceived usefulness and
perceived ease of use variables on intention to use. As a result of the analysis, it was determined that
perceived usefulness (3=0.615) and perceived ease of use (3= 0,271) had a significant (p< .05) and positive
(B=0,615; 3= 0,271) effect on intention to use. Therefore, hypothesis Hs determined in the study was also
accepted. When the effects of perceived usefulness and perceived ease of use independent variables were
examined together, the degree of explaining the dependent variable of intention to use was determined as
0,676 (R*=0,676).

Tablo 8. The Mediating Role of Intention to Use in the Relationship between Perceived Usefulness and Usage Bebavior

Dependent Variable  Independent Variable B t P VIF R?
Constant 1,708 5,250 0,000 0,070
Usage behavior Perceived usefulness 0,197 1,498 0,136 2,742
Intention to Use 0,087 0,651 0,516 2,742
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Whether intention to use has a mediating effect on the effect of perceived usefulness on usage behavior
was investigated by linear regression analysis. Before analyzing the mediating role, it was investigated
whether the effects stated by Baron and Kenny (1986) were significant or not. In the analyses conducted, it
was determined in Table 6 that perceived usefulness has a positive and significant effect on usage behavior
and intention to use, and intention to use has a positive and significant effect on usage behavior. According
to these results, Baron and Kenny's (1986) three primary conditions were realized (Baron and Kenny, 1980).
When intention to use was included in the analysis as a mediating variable, the result was not found to be
statistically significant (p> .05) and the intention to use mediating variable distorted the effect of perceived
usefulness on usage behavior (p>.05). Therefore, it was determined that intention to use played a full
mediating role in the effect of perceived usefulness on usage behavior and hypothesis H7 was accepted.

Discussion, Conclusion and Recommendations

Since the logistics sector interacts with all sectors, any change in this area can make significant
contributions to other sectors. Therefore, as a result of the digital transformation, it is not possible for
businesses in the sector to act independently of Industry 4.0 applications. Because of the intense competition
in the logistics sector, which is one of the sectors most affected by the changes in technology and industry,
businesses need to keep up with these digital transformations in order to gain competitive advantage and
ensure sustainability.

While businesses that take this digital transformation into consideration and invest will gain a
significant competitive advantage, businesses that do not take it into account will fail in competition
(Ursavag, 2022). In particular, some large enterprises in the logistics sector have started to make significant
investments to take advantage of these technological developments. According to Bigliardi et al. (2021),
these technologies offer significant opportunities for logistics businesses to collect and analyze accurate and
reliable data (Bigliardi et al., 2021). However, most of the enterprises in Turkey cannot benefit from these
developments at an sufficient level. Although it contributes greatly to the development of logistics and
supply chain activities (Witkowski, 2017), offers various opportunities, and is gaining more and more
importance in the logistics sector (Karagéz and Doyduk, 2020), research shows that Industry 4.0
applications in the logistics sector have not yet developed at the desired level (Hofmann and Risch, 2017).
As a result of their research, Aygiin and Satt (2022) pointed to the lack of knowledge and awareness about
Industry 4.0 and the lack of qualified workforce as reasons for this (Aygiin and Sat1, 2022). Kiiciik (2023),
on the other hand, reported that the main barrier to Logistics 4.0 applications is again the lack of skilled
workforce (Kiigiik, 2023). As reported in the research, different researchers have reached similar conclusions
in the literature. However, in a period when the importance of the logistics sector is increasing day by day,
in the research results of researchers such as Giingdr, 2024 (Gungér, 2024), Khan et al., 2022 and Abriad
and Krishan, 2021, it is emphasized that the adoption of Industry 4.0 applications in the field of supply
chain and logistics and education and training in this field are critical and more research should be done on
this subject. Because, as Gorzelany et al. (2022) state, the competencies that employees should have with
Industry 4.0 technology have become even more important for organizational success (Gorzelany et al.,
2022). With Logistics 4.0 technology, while the need for physical power is decreasing, the need for qualified
employees is increasing day by day. In this framework, the study aims to increase the awareness levels of
logistics program students by determining their perceptions of Industry 4.0 before they start working in the
sector within the framework of the technology acceptance model widely used in the literature, to examine
the acceptance of these technologies, and thus to contribute to the sector and students by accelerating
technological adaptation by enabling businesses in the sector to benefit more from these applications. The
focus of Logistics 4.0 is on the use of new and new technologies. Because the performance of businesses
can be optimized and increased as a result of the use of new and innovative technologies. Therefore, the
adoption of Industry 4.0 technologies by logistics program students was investigated with the technology
acceptance model, which is still widely used by many researchers.

As a result of the research, it was determined that 89,7% of the logistics program students have not
received any training or course related to information technologies before. However, despite this, the
awareness levels of the individuals participating in the research about Industry 4.0 applications were high.
The high level of awareness of students on this issue will enable them to improve themselves in this regard
and thus start working in the sector as qualified personnel with the necessary technological qualifications
needed by the sector. In addition, when they start working in the sector, they will be able to contribute to
the competitiveness and globalization of logistics enterprises by ensuring the widespread use of these
applications in the sector.
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As a result of the analyses conducted to test the hypotheses determined in the research, the hypothesis
H,. there is a relationship between perceived ease of use and perceived benefit was accepted. This result
may be due to the high level of awareness of students about technologies. According to the technology
acceptance model, if all variables in the model have the same degree of importance, it is stated that the
benefits provided will increase as the use of technology becomes simpler, that is, perceived ease of use will
affect the benefits. This result is similar to the research results of researchers in the literature such as (Ozbek
et al., 2014; Turker and Turker, 2013; Porter and Donthu, 2006; Nagy, 2018; Chau, 1996; (Farahat, 2012;
Orel and Arik, 2020; Lee et al., 2005).

The hypothesis “Hbz. There is a relationship between perceived ease of use and intention to use” was
accepted in the study, as in the research results of Sekkeli (2022) and Yelkikalan et al. (2019). In the literature,
itis widely emphasized that technologies have not become widespread in the sector due to lack of knowledge
about industry 4.0 technologies. As in the research result, the perception that these technologies are easy to
use can increase the intention to use them. Therefore, creating the perception of sector representatives that
these technologies are easy to use may increase the intention to use them and thus ensure the widespread
use of the technology in the sector. Similarly, the hypothesis Hs. There is a relationship between perceived
usefulness and intention to use was also accepted. Individuals' understanding that technologies are useful
may increase their intention to use these technologies. In addition to the results supporting this conclusion
in the literature (Yilmaz, 2018; Ozcifci, 2020; Bozkurt, et al., 2021; Yelkikalan et al., 2019; Seker and Hos,
2021). There are a limited number of studies that do not reach this conclusion (Turan and Hasit, 2014;
Kalyoncuoglu, 2018).

As a result of the analysis, a relationship was determined between perceived benefit and usage behavior
and hypothesis Hq was accepted. This result shows that the belief that technology is beneficial for businesses
will lead to the realization of the act of use. According to Davis (1989), if individuals have high beliefs that
the system will increase the performance of the organization, they will be able to use the system. However,
if these beliefs are low, they will not want to use it. Again, a similar result was determined between intention
to use and usage behavior and hypothesis Hs was accepted. This result supports the research results of
researchers such as (Kuo et al., 2013; Walczuch et al., 2007; Rahman et al., 2017; Hallikainen and Laukkanen,
2016) in the literature. According to the technology acceptance model, the most important factor in
individuals' adoption and application of technology is the users' intentions (Ser¢cemeli and Kurnaz, 2010).
Hypothesis Hg was also tested and a relationship was determined between perceived usefulness and
perceived ease of use and intention to use, and the hypothesis was accepted. The last hypothesis, H, was
also accepted and it was concluded that intention to use plays a full mediating role between perceived
usefulness and usage behavior.

As Belmonte et al. (2023) emphasized in their research, training students on logistics 4.0 is of great
importance for the sector (Belmonte et al., 2023). In the research, it is expected to determine the perceptions
and intentions of individuals who will work in the logistics sector about these technologies and to contribute
to their employment and personal development by increasing their awareness levels. By ensuring that
individuals work in the sector as qualified personnel, it will be easier for logistics enterprises to understand
the changing technologies well, to quickly adapt to these technologies and to become a global logistics
enterprise. Thus, investments to be made in the logistics sector can contribute to the development of the
country's economy and help achieve economic goals mote easily.

The research is expected to make significant contributions to the field by providing a new perspective
to the literature. Although research on Industry 4.0 in the literature is increasing day by day, research on
logistics 4.0, which includes the logistics sector, has still remained more limited. It was also emphasized in
the research results regarding the need to increase research on this subject. With the technology acceptance
model, which is widely used in the literature to determine individuals' petceptions of technologies, there is
no research that aims to determine the perceptions of logistics program students on Industry 4.0 and
increase their awareness. Therefore, this research is an unique study in this field, and it is expected that the
findings of the research can make a great contribution to the logistics program students and the logistics
sector as well as researchers.

In line with the results obtained, it is suggested to share the usefulness and ease of use of technology
with the individuals in the sector and to create awareness on this issue in order to ensure that the use of
technology in the sector becomes more widespread. In this context, it may be useful to include sector
representatives in the research population of future studies. Thus, it will be possible to contribute to the
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solution of the problem described in the literature that the low awareness levels of individuals in the sector
are low. It may even be useful to provide trainings on these technologies to the relevant enterprises by the
relevant public institutions in order to popularize the use of these technologies. Since the widespread use of
Industry 4.0 applications in the logistics sector can increase the competitive advantage of the sector, it is
also thought that investments in the sector should be increased in the in the short term. Universities play an
important role in training qualified personnel compatible with these technologies. For this reason, it is
important that universities have courses suitable for Industry 4.0 technologies in order for the personnel in
the logistics sector to learn these technologies. For this, the program should be adapted in order for students
to be successful in business life and to act proactively in the face of problems. It is thought that trainings
with project-based learning methods, especially on technologies that cause major changes in the logistics
sector such as the Internet of Things and blockchain, can be beneficial to students and thus to the sector.
Simulation methods and applications related to the problems that students may encounter in the sector will
broaden students' petspectives. Increasing univetsity-industry cooperation on this subject may contribute
to the development of the content of these trainings. In addition, the inclusion and realization of
infrastructure and implementation plans that will accelerate the transformation of enterprises into industry
4.0 technologies in the action plans to be prepared by the public will provide great opportunities for the
technological development of the sector.

The research is limited to students in the logistics program at Usak University. However, these students
are also likely to work in logistics enterprises in other countries operating in the international arena.
Therefore, the research may also be useful for businesses in the sector in other countries. In addition, the
inclusion of students in logistics programs in other universities in the research population will contribute to
both enriching the literature and raising awareness on this issue. It is thought that applying a similar study
to students studying in the same programs in other countries and even making a comparison can also
contribute to the international literature.
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GENISLETILMIS OZET

Isletmelerin rekabet edebilirligi ve sirdiiriilebilirligi agisindan  kritik 6neme sahip olan Endiistri 4.0
uygulamalarindan en fazla etkilenen sektorlerden birisi de lojistik sektdrii olmustur. Isletmelerin tedarik zinciri ve
lojistik faaliyetlerinin de bu degisikliklerden etkilenmemesi mtimkiin olmadig icin, Diinya genelindeki bazi biiytik
isletmeler dijital tedarik zinciri ve lojistik yapilarint bu dogrultuda olusturmaya baglamuslardir (Lin ve Jones, 2009:
589). Isletmeler uluslararast pazarda rakipleri ile rekabet edebilmek icin tedarik zincirlerini ve lojistik faaliyetlerini
anahtar olarak kullanmaya basglamislardir (Li vd., 2006: 107). Bu yiizden isletmeler ve tlkeler acisitndan en 6nemli
sektorlerden birisi olarak kabul edilen lojistik sektériinde, Endiistri 4.0 uygulamalari yeni ve bir o kadar da kritik
bir konudur. Abriad ve Kristian (2021)” ninda ifade ettigi gibi rekabet edebilirlik ve stirdtrtlebilirlik agisindan
bitin lojistik isletmelerinin bu teknolojilere uyum saglamasi ve bu konuda daha fazla arastrmanin yapilmasi
gerekmektedir. Fakat Ulusoy, 2019; Tas ve Alagéz, 2021; Bolat, 2019; Ozdemir ve Ozgﬁner, 2018; Ekincioglu,
2019; Cikmak ve Yazgan, 2023 gibi arastirmacilar ise arastirma sonuglarinda Turkiye'deki lojistik isletmelerinin
bu uygulamalardan beklenildigi diizeyde faydalanamadiklari sonucuna ulasmislardir. Buna gerekge olarak da
lojistik isletmelerinin bu teknolojiye uygun nitelikte is giiciine sahip olmamasi, Endustri 4.0 farkindahk
diizeylerinin disiik olmast ve isletmelerin bu teknolojiler hakkinda yeterli bilgiye sahip olmamalart belirtilmistir
(Ulusoy, 2019; Geissbauer vd., 2016; Tas ve Alagéz, 2021; Bolat, 2019; Ozdemir ve Ozgﬁner, 2018; Ekincioglu,
2019; Cikmak ve Yazgan, 2023; Pouermehdi vd., 2022; Jabbour vd., 2018). Bu sorunlarin giderilmesi i¢in de bu
konuda nitelikli i giicine sahip olunmast ve lojistik sektériinde bireylerin farkindalik diizeylerinin artirilmast
gerektigi vurgulanmustir. Benzer sekilde Gingdr (2024) yaptigr arastirma sonucunda Lojistik 4.0 hakkinda
calismalarin artirilmast gerektigi ve sektor calisanlarinin bu konuda egitiminin iyilestirilmesi gerektigi sonucuna
ulagsmustir. Bu cercevede arastirmada literatiirde yaygin kullanilan teknoloji kabul modeli ¢ercevesinde lojistik
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programi 6grencilerinin sektorde yer almadan 6nce Endustri 4.0 algilarinin belitlenerek farkindalik dizeylerinin
artirilmast, bu teknolojilerin kabuliintin incelenmesi ve boylece sektérdeki isletmelerin bu uygulamalardan daha
fazla faydalanmalarini saglayarak teknolojik uyumu hizlandirip sektdre ve bu sektérde calisacak 6grencilere katkt
yapilmasi amaglanmustir. Teknoloji kabul modeline gére kullanma davranisinin gergeklesmesi icin modeldeki diger
degiskenler baglaminda tniversite Ogrencilerinin mevcut durumunun belitlenmesi 6nem arz etmektedir.
Arastirma ile bireyler sektérde yer almadan Endustri 4.0 hakkinda farkindalik diizeyleri artacak, bu konuda bilgili
ve nitelikli eleman olarak sektére adim atabileceklerdir. Bu yeni teknolojiler karsisinda lojistik sektériinde yer
alacak bireylerin bu teknolojiler hakkinda bilgi sahip olmalari, bu teknolojilere adapte olmalart istthdam, rekabet
edebilitlik ve strdiiriilebilirlik acisindan bir gereklilik haline gelmistir. Aragtirma evreni, 2023-2024 yilinda Usak
Universitesi Uygulamali Bilimler Fakiiltesi Lojistik Yénetimi Programinda ve Esme Meslek Yiiksekokulu Lojistik
Programinda &grenim goren 6grencilerden olusmaktadir. Arastirma evrenine Usak Universitesi Lojistik
dgrencilerinin segilmesinde arastirmacilarin bu kurumda égretim elemant olmalari etkili olmustur. Ogrencilerin
istthdamina katk: saglamak amaciyla bu arastirma evreni tzerinde bir aragtirmanin yapilmasinin faydalt olacagi
distintlmistir. Bu arastirma evreninden veri toplamak i¢in anket yonteminden faydalanilmis ve anketler yiiz
yuze yapimistir. Arastirmada her 6grenciden 1 adet veri toplanarak 156 adet veri elde edilerek SPSS programinda
analiz edilmistir. Arastirma sonucunda lojistik programi Sgrencilerinin % 89.7’lik kisminin daha 6nce bilgi
teknolojileri ile ilgili herhangi bir egitim ya da kurs almadiklari belitlenmistir. Fakat buna ragmen arastirmaya
katilan bireylerin Endiistri 4.0 uygulamalari hakkinda farkindalik diizeyleri yitksek ¢ikmustir. Ogrencilerin bu
konuda farkindalik diizeylerinin yitksek olmast kendilerine bu konuda gelistirmelerini ve b&ylece sektoriin ihtiyag
duydugu gerekli teknolojik donanima sahip nitelikli eleman olarak sektérde yer almalarini saglayabilecektir. Ayrica
scktorde yer aldiklarinda da bu uygulamalarin sektérde kullaniminin yayginlasmasint saglayarak, lojistik
isletmelerinin rekabet edebildigine ve kuresel isletmeler olmalarina katk: saglayabileceklerdir. Aragtirma da
belirlenen hipotezleri test etmek amaciyla yapilan analizler sonucunda Hy Ho H3 Hs Hs Hg Hy hipotezleri kabul
edilmigtir. Belmonte vd. (2023)’nin de arastirmalarinda vurguladiklart gibi, égrencilerin lojistik 4.0 konusunda
egitilmesi sektor agisindan biyiik 6nem arz etmektedir. Aragtirma ile lojistik sektoriinde yer alacak bireylerin bu
teknolojiler hakkinda algilarinin ve niyetlerinin belitlenmesi ve farkindalik diizeylerinin artirlarak istihdamina ve
kisisel gelisimlerine katki yapilmasi beklenmektedir. Bireylerin nitelikli eleman olarak sektérde yer almasinin
saglanmastyla birlikte lojistik isletmelerinin degisen teknolojileri iyi anlamalarina, bu teknolojilere hizla uyum
saglayarak kiiresel boyutta lojistik isletmesi olmalarinda kolaylik saglayabilecektir. Boylece lojistik sektoriine
yapilacak olan yatirimlarda tlke ckonomisinin gelismesine katki saglayarak ekonomik hedeflerin daha kolay
ulagtlmasina yardimet olabilecektir. Arastirmanin literatiire de yeni bir bakis acist sunarak alana 6nemli bir katkilar
sunmast beklenmektedir. Alanyazinda Endistri 4.0 ile ilgili arastirmalar her gecen giin ilgi gérerek artmasina
ragmen, lojistik sektdriini icine alan lojistik 4.0 ile ilgili arastirmalar daha kisith kalmistir. Bu konuda aragtirmalarin
artirilmast gerektigi de arastirma sonuglarinda vurgulanmustir. Bireylerin teknolojilere bakis agtlarini belirlemeye
yonelik literatiirde yaygin bir sekilde kullanilan teknoloji kabul modeli ile lojistik programi 6grencilerinin Endustri
4.0 algilarint belirleyip, farkindaliklarint artirmay1 amaglayan arastirmaya rastlandmamistir. Bu yiizden arastirma
bu alanda yapimis 6zgiin bir ¢alisma olup, arastirma bulgularinin lojistik programi 6grencileri ile lojistik
sektorintin yani sira arastirmacilara da biytk katk: saglamasi, literatiirdeki 6nemli bir boslugu doldurmas: ve
béylece literatiriin de zenginlesmesini saglamast beklenmektedir. Ulagilan sonuglar dogrultusunda, sektérde
teknolojinin kullaniminin daha da yayginlasmasinin saglanmast amaciyla sektérdeki bireylere de teknolojinin
faydali ve kullaniminin kolay oldugunun aktarilmast ve bu konuda farkindaligin olusturulmas: énerilmektedir. Bu
cercevede daha sonra yapilacak calismalarin arastirma evrenine sektdr temsilcilerinin dahil edilmesi de faydali
olabilecektir. Boylece literatiirde ifade edilen sektérdeki bireylerin farkindalik diizeylerinin disik oldugu
sorununun ¢6zimiine de katk: saglanabilecektir. Hatta bu teknolojilerin kullaniminin yayginlastirilmast adina ilgili
kamu kurumlari tarafindan ilgili isletmelere bu teknolojilerle ilgili egitimlerin verilmesi de faydalt olabilecektir.
Lojistik sektérinde Endistri 4.0 uygulamalarinin yayginlasmast sektoriin rekabet avantajin artirtlabilecegi icin,
yakin zamanda sektérde bu konuda yatirimlarin artirlmast gerektigi de diisiintilmektedir. Universiteler bu
teknolojilere uyumlu nitelikli personellerin yetistirilmesi konusunda kilit rol dstlenmektedir. Bu yiizden lojistik
sektoriindeki personellerin bu teknolojilere hakim olmalart adina tUniversitelerde de Endistri 4.0 teknolojilerine
uygun derslerin yer almasi 6nem arz etmektedir. Bunun i¢in Sgrencilerin is hayatinda basarilt olmalari, sorunlar
karsisinda proaktif davranabilmeleri adina miifredatin uygun hale getirilmesi gerekmektedir. Ozellikle nesnelerin
interneti, blockchain gibi lojistik sektorii agisindan biytik degisiklikleri beraberinde getiren teknolojilerle ilgili
proje tabanlt 6grenme yéntemleriyle yapilacak olan egitimlerin 6grencilere dolayistyla sektére faydalt olabilecegi
distunilmektedir. Simiilasyon yontemleriyle 6grencilerin sektérde karsilagabilecegi sorunlatla ilgili uygulamalarin
yapilmasi 6grencilerin bakis actlarini genisletebilecektir. Bu konuda tniversite - sanayi isbirliginin artirilmasi bu
egitimlerin iceriginin gelistirilmesine katki saglayabilecektir. Ayrica kamu tarafindan hazirlanacak eylem
planlarinda isletmelerin endistri 4.0 teknolojilerine déniisimtni hizlandiracak altyapt ve uygulama planlarina yer
verilmesi ve hayata gecirilmesi sekt6rin teknolojik anlamda gelismesine biiyiik firsatlar sunabilecektir.
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