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ABSTRACT

Purpose: This study aims at examining the perceptions of various layers within a firm toward integrating
Industry 4.0 applications in production.

Methodology: We follow a case study approach to obtain detailed information about the selected firm. We
focus on machinery, food, and automotive spare parts sectors having a strategic role in digital
transformation. In total, 12 interviews with blue-collar workers, engineers, and managers are conducted in
five different companies.

Findings: The results of the study are twofold. As for the senior management layer and engineers, the
adaptation of Industry 4.0 applications to the firm will increase the firm efficiency. As far as its effect on
employment is considered, it has been determined that the concept is not fully understood, especially by
blue-collar workers, and it is not known how it will contribute to production. Production line workers,
therefore, think that they will experience the threat of losing their jobs with the implementation of Industry
4.0 applications.

Originality: Despite its importance, the number of studies dealing with the difficulties, benefits,
opportunities, and threats of adopting Industry 4.0 especially for developing countries is still few. This study,
therefore, closes this gap by conducting a comprehensive study with various layers of the firm.
Keywords: Industry 4.0, Supply Chain Management, Case Study.

JEL Codes: L2, L6, M2,

ENDUSTRI 4.0''N ADAPTASYONUNA YONELIK FIRMA ALGISININ OLGULMESI:
TURKIYE ORNEGI

OZET

Amag: Bu galisma, bir firma igindeki gesitli birimlerin tGretimde Endustri 4.0 uygulamalarinin kullaniimasina
yonelik algilarini incelemeyi amaglamaktadir.

Yoéntem: Firmadaki gesitli birimlerin algilarini analiz etmek igin vaka galismasi yaklasimi kullaniimistir.
Dijital déntsumde stratejik roll olan makine, gida ve otomotiv yedek pargalari sektorlerine odaklaniimistir.
Toplamda bes farkli firmada mavi yakal is¢i, mihendis ve yonetici ile 12 goriisme yapilmistir.

Bulgular: Caligmanin sonuglari iki yénliidir. Ust yénetim kademesi ve miihendislere gére, Endustri 4.0
uygulamalarinin firmaya uyarlanmasi, Uretim sirecini iyilestirecek ve verimliligi artiracaktir. Istihdam
Uzerindeki etkisi distnuldiginde ise, kavramin 6zellikle mavi yakal c¢alisanlar tarafindan tam olarak
anlasilmadigi ve Uretime nasil bir katki saglayacagdinin bilinmedigi tespit edilmistir. Bu nedenle tretim hatti
calisanlari, Endustri 4.0 uygulamalarinin hayata gecirilmesiyle islerini kaybetme tehdidini yasayacaklarini
disinmektedirler.

Ozgiinliik: Endiistri 4.0'in 6zellikle gelismekte olan ilkelerde benimsenmesi éniindeki zorluklari, sagladig
faydalari, sundugu firsatlari ve yarattigi tehditleri ele alan ¢alismalarin sayisi hala azdir. Bu ¢alismada,
firmanin gesitli katmanlarinin algilari kapsamli bir sekilde analiz edildigi icin yazina katki saglanmigtir.
Anahtar Kelimeler: Endustri 4.0, Tedarik Zinciri Yonetimi, Vaka Caligmasi.

JEL Kodlari: L2, L6, M2.
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1. INTRODUCTION

Today, the industrial powers of early-developed countries have been shaped by the fourth phase of
industrialization, Industry 4.0, which is based on a high level of automation (Stock and Seliger, 2016). The
new process brings several changes in both production processes and customer relationships. It includes
key elements as Cyber-Physical Systems, the Internet of Things, the Internet of service, and the Smart
Factory (Brettel et al., 2017). Besides, Industry 4.0 allows physical objects to communicate with each other
and with humans by monitoring physical operations with physical systems in modular smart factories,
thereby resulting in decentralized business decisions.

In today's competitive environment, firms implement Industry 4.0 applications to protect their strategic
resources (He and Jin, 2016). Using the information obtained from different sources, Industry 4.0 succeeds
to create a link between man and machine in the context of cyber-physical systems (Monostori, 2015).
Implementation of such a network in the production and operational environment generates several effects
on the entire supply chain and overall productivity. It provides transparency between various stakeholders
including customers and suppliers. Additionally, with the use of Industry 4.0, the entire supply chain
management structure is automated which in turn shortens lead-time (Tjahjono et al., 2017). All these
changes play crucial roles in the firm’s productivity. For this purpose, we aim at examining the perceptions
of various layers within a firm to understand the opportunities and potential threats of integrating Industry
4.0 applications into the production system. By doing this, we try to understand whether it will increase
productivity or not. To have a comprehensive perspective, we focus on certain sectors such as the
machinery, food, and automotive spare parts sectors playing an important role in the digital transformation
of production. As interviews are conducted with firm representatives from different sectors, comparative
results have been obtained for Industry 4.0 applications, revealing the current and future situations.

This study contributes to the related literature in at least three ways. In addition to other country cases
such as Brazil (Torterella and Fetterman, 2018) and Italy (Zheng et al., 2019), this study represents a
comprehensive example including different layers of the firm. By following the framework of Orlikowski
(1993), we analyze whether top management, engineers, and production workers have similar perceptions
toward Industry 4.0 applications. To formulate any policy targeting the successful implementation of
Industry 4.0, it is necessary to learn feedback from production workers as well as professionals and top
management. Moreover, the number of studies dealing with difficulties and benefits that firms in developing
countries face is still few. It is clear that developing economies and transition countries face various
challenges in the pre-implementation process (Haaker et al. 2021). This study fills this gap by focusing on
certain sectors in Turkey. Finally, yet importantly, in the light of the results of this study, a list of necessary
policy implications at various levels will be possible.

This paper is organized as follows: Section 2 briefly discusses the literature. The data and
methodology are explained in Section 3. Section 4 introduces interview results. Section 5 discusses the
results' implications and concluding remarks.

2. LITERATURE REVIEW

Industry 4.0 refers to the automation and data exchange activities in production technologies. It was
first announced in 2011 to increase German competitiveness in the manufacturing industry (Kagermann,
et al., 2013). Machines, objects, and systems communicating with each other provide benefits such as
analyzing and understanding production issues, then solving them with minimal human involvement, and
automating production lines (Tjahjono, et al., 2017). Industry 4.0 will significantly affect people's working
environments. When advanced technologies are applied in businesses, processes such as purchasing,
production, the processes of sales and maintenance will change which in turn increases business value
(Prifti et al., 2020).

The important components of Industry 4.0 include Cyber-Physical Systems, Internet of Things (loT),
Internet Services (loS), Smart factory, Big Data Analytics, Simulation, Autonomous Robots, Cloud
Computing, Additive Manufacturing, and Augmented Reality (Sniderman et al., 2016).

A system that provides communication and coordination between the physical world and the cyber
world is called as Cyber-Physical Systems (CPS). It covers compute and storage capacity, mechanics, and
electronics (Baheti and Gill, 2011). Accordingly, the Internet is a communication medium (Schmidt et al.,
2015). The main role of the CPS is to respond to the changing requirements of production, thereby
improving the efficacy and efficiency of the firm's operations (Brettel et al., 2017). Industry 4.0 is
characterized by an unprecedented connection between the Internet and the CPS, which provides a
completely new level of control, oversight, transparency, and efficiency in the production process (Parvin
etal., 2013).
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CPS uses two parallel networks to control the communication links between the physical network of
interconnected components of the infrastructure and a cyber network (Parvin et al., 2013). It integrates
these networks using multiple sensors, actuators, control processing units, and communication devices
(Hofmann and Rusch, 2017).

Another component of Industry 4.0 includes loT. It refers to a network wherein the CPS cooperates
with other components via unique addressing schemes (Hermann et al., 2015). The internet of things (1oT)
is the movement to attach physical things to the internet and each other through wireless technology. This
system permits objects and machines consisting of cell phones and sensors to "communicate" with each
other as well as human beings (Holdowsky et al., 2015). In the first decade of the 21st century, the "internet
of things" has become popular and is thought of as a technology that allows industries to get through from
Industry 3.0 to Industry 4.0 by adding information to the products and processes in the supply chain
(Hermann et al., 2015).

Additionally, IoT is based on low-cost sensor technologies such as radio frequency identification
(RFID) devices and includes a wide range of devices, such as sensors, actuators, robots, milling machines,
3D printers, and assembly line components, chemical mixing tanks, motors, planes, trains, and automobiles
(Thames and Schaefer, 2016). The IoT provides enhanced connectivity of devices and products through
machine-to-machine (M2M) or human-machine (H2M) communication (Holler et al., 2014). Each device
connected to the Internet expects to have several smart services called Internet Services (10S) (Monnier,
2013). Thus, services are made easily accessible through web technologies, with the help of these
technologies (Wabhlster et al., 2014).

So far, CPS, 10T, and loS have been introduced as key components of Industry 4.0. The CPS has a
structure called "Smart factory" which is a decentralized production system based on the connection
between 10T and 10S. People, machines, and resources communicate with each other as if they were on a
social network (Kagermann et al., 2013). Thus, products, machinery, transportation systems, and close
links and communication between people are expected to change the current production model.

Each firms' supply chain system depends on operational needs. Organizations are based on external
inputs where the supply chain is made up of materials, parts, and other physical materials or data,
information, and expertise. The use of Industry 4.0 helps organizations integrate planning and inventory
processes and other capabilities (Mussomeli et al., 2016). Supplier factors are related to goods flow and
supplier information. Each asset in the supply chain must be synchronized with changes in the business
process of the manufacturer. Thus, technological networks are set up among various partners through
Industry 4.0 (Sanders et al., 2016). These networks help to share material resources such as intangible
assets such as research and information, data, information and machinery, equipment, and human experts
(Tepes et al., 2015). This alone will generate some difficulties and opportunities in the supply chain, many
of which can be experienced by taking advantage of Industry 4.0 solutions.

3-D printing is another type of Industry 4.0 component that will be widely used in plant operations soon.
It reflects the physical work in a virtual model by using real-time data. The use of this technology help firms
reduces manufacturing costs, thereby increasing quality (Brettel et al., 2017). As observed in the case of
Siemens and a German machine-tool vendor, the virtual machine is developed that can simulate the
processing of parts using data from the physical machine. This reduces the installation time of the actual
machining process to 80 percent.

Autonomous Robots are robotic systems with a certain level of intelligence conducting automatic
operation functions. The size can vary considerably in terms of functionality, mobility, skill, intelligence, and
cost (Fitzgerald and Quasney, 2017). Autonomous robots are expected to grow largely in supply chain
operations. The continuous growth of autonomous robots allows those who perform these tasks to move
to a strategic, less dangerous, and higher-value job. Autonomous robots expand in their use of more
consistent quality and productivity levels, as people can perform tasks that they cannot or will not do or
want to do (Brewster, 2016). As autonomous robots grow in size, the supply chain operations will be
smoother. Many firms that use autonomous robots take advantage of a variety of robots to validate their
expected productivity gains by using them in the supply chain. As innovative firms grow and expand,
autonomous robots become a standard for optimizing production operations economically and efficiently.
As a result of the widespread deployment of the robotics sector from the agricultural sector to the retail
sector to the storage systems, cost reduction and productivity increase are expected in the supply chain
(Fitzgerald and Quasney, 2017).

Additive manufacturing (AM) has been used for years to create prototypes in large quantities. Shortly,
with the emergence of Industry 4.0, a broader understanding of AM's potential for value in product
production, supply chain structure, and new business models have emerged (Cotteleer and Joyce, 2014).
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Progress in technology has made a wider range of materials and increased operational competencies a
more viable option for firms to consider (Cotteleer and Joyce, 2014).

Augmented-Reality-based systems are composed of services varying from selecting parts in a
warehouse to sending repair instructions via mobile devices. Firms will rely on that technology to improve
decision-making, work procedures for employees, and provide real-time information (Rimann et al.,
2015). For example, employees will obtain information about the parts of the machine that need to be
repaired using devices such as increased reality glasses. (Riimann et al., 2015).

Although it is used by manufacturers, the need for cloud-based software will increase even more due
to the operations that require data sharing between firms and external stakeholders. Under the Industry 4.0
regime, the possibility of analyzing large-scale data is useful to make predictions for production activities
and is an important issue for industrial technology development.

Considering the empirical literature on the adoption of Industry 4.0 on firm performance, studies are
heavily based on developed countries. To illustrate, Chiarini et al. (2020) revealed that the practice of
Industry 4.0 in Italian manufacturing results in performance increases in production processes. For some
industries, the adoption of Industry 4.0 may generate a direct effect on performance, it affects the outcome
through supply chain processes for some others. Delic and Eyers (2020) have found that the adoption of
Additive Manufacturing in the automotive sector positively affects supply chain flexibility which in turn
improves firm performance. Another example is related to cloud ERP systems. Accordingly, the integration
of cloud ERP positively affects all the indicators of sustainable performance indicators (Gupta et al., 2020).
Some strands of literature deal with the adoption of big data and its performance effects. Mikalef et al.
(2020) found that the use of big data analytics for firm operations increases the competitive advantage of
the firm because it provides such advantages as higher operational capability.

3. DATA and METHODOLOGY

This study started with a desk-based study using various literature sources as primary data sources
such as articles, scientific research, firm reports, and business journal. To find out relevant papers, we
chose Industry 4.0, Supply Chain, and Supply Chain Management as keywords to access scientific papers
through the Web of Science. After going deeper into the topic, we have extended the keywords by adding
two important terms such as Internet of Things (IoT) and Cyber-Physical Systems. The search gave dozens
of results, which signals Fourth Industrial Revolution is an emerging term for the literature. Thus, the papers
were attentively reviewed to eliminate unrelated ones. The relevant papers were selected among the
studies that are directly related to the topic of this study. Finally, 33 scientific papers were left on hand.

Since the purpose of this paper is to show the real interaction between Industry 4.0 and Supply Chain
Management, we followed the interview technique to better understand the perceptions of different layers
of the selected firm. Interview questions were constructed based on the papers we reviewed.

The interviews were held with representatives in various positions such as managers, engineers, and
production line workers from the machinery, food, and automotive spare parts sectors. These sectors were
chosen due to their large impact on the country’s economy. Moreover, considering the digital transformation
of the industry, these sectors are in the first place. (11" Development Plan, 2019-2023). In total, 12
interviews were conducted, and each interview took 40 minutes on average.

To understand the transition phase to Industry 4.0 and its impact on supply chain management, this
study constitutes a comprehensive example. Based on our interviews, many questions arise concerning
the fourth industrial revolution, technology use, and supply chain management. The interviews include yes-
no and open-ended questions such that “Have you heard the Industry 4.0 term before?” “How much did the
Fourth Industrial Revolution affect supply chain management?” “Are your existing supply chain structures
compatible with Industry 4.0 solutions?” “How will supply chains be in the future with Industry 4.0
implementations?” The interview questions were designed according to received answers which can
change the next questions for interviewees.

To illustrate, if the term Industry 4.0 is not known, the interview goes on with the questions of
technology awareness and use. Since the interviews were held in firms in different sectors, the comparative
results of Industry 4.0 applications which show the current and future situations were obtained.

Since the term Industry 4.0 is a new concept for Turkey, there are some uncertainties about the
definition and domain of this term for the firms. In many cases, firms are reluctant to share knowledge about
their future production activities. Despite these difficulties, we interviewed more than one firm, thereby
obtaining comparable experiences.
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4. RESULTS

Table 1 demonstrates the detailed information about the selected firms in this study. Also, it shows the
organizational changes with the implementation of Industry 4.0 for each firm. To evaluate the results of the
interviews, we followed the framework of Orlikowski (1993). For the firms operating in the automotive
industry, they are labeled as AU1, AU2, and AU3, respectively. Remained sectors are construction (MS)
and food (FS). Additionally, firms are classified in terms of their implementation level such as implemented,
almost fully implemented, and not implemented. Table 2 shows the comparison between AU1, MS, and
FS.

AU1

AUL1 is the leading firm in the automotive supplier industry in Turkey. The technology in the firm plays
a significant role in its current position in the sector. During the interview, we observed that they have an
advanced workstation and an interest in new technologies in the automotive industry. The interviews were
held with three positions as manager, engineer, and assembly line worker. The answers from the manager
and the engineer are similar and they both are knowledgeable about the research topic. Besides, they have
a high level of interest in technological developments. The production line worker, on the other hand, does
not have information about Industry 4.0.

The firm has been invested in technology since it was founded, so Industry 4.0 concept does not refer
to a substantial change. The manager gave an example to show how well the firm is compatible with the
Industry 4.0 concept. He said that an Indian group came to the firm to tell Industry 4.0 activities last month
and they stayed a week. When the group left, there was nothing new for AUL1. The manager added that
they were already knowledgeable about Industry 4.0 concept. The firm is eager to take full advantage of
new technologies such as Industry 4.0. The interviewees said that they were already too digital when the
term Industry 4.0 appeared, and they added that they can take further steps in the field of Industry 4.0.

When we check the requirements of the Industry 4.0 concept, it can be observed that the existing
systems of the firm are compatible with the system requirements of Industry 4.0. To illustrate, AUl has
various software systems to provide an integration between business units and customers and to control
the production process with the minimum involvement of the human factor. The answers to the questions
about the future of Industry 4.0, therefore, were positive. According to their perspectives, if firms adopt the
Industry 4.0 concept, there will be momentous changes in manufacturing soon. Besides, the interviewees
believe that many jobs will disappear, but new ones will emerge shortly after the diffusion of Industry 4.0.
Even the people at the bottom of the pyramid will be more skillful because this concept will push people to
improve themselves.

Regarding the supply chain management questions, the firm uses Industry 4.0 applications a hundred
percent in the supply chain process. The number of blue-collar workers in the supply chain will not change
significantly in AU1 but the interviewees do not have the same opinion for the firms which rely on manual
processes. If these firms want to be more digital and smarter, they will adopt Industry 4.0, thereby laying
off several workers.

The impression during the interview indicates that the decision-makers are aware of Industry 4.0 and
the firm makes continuous investments in technological development. There is one problem regarding
workers in the production line. They are important actors of the production system, but they do not know
the concepts.

AU2

AU2 is one of the new firms in the automotive supplier industry in Turkey. Although the firm has a 10-
year history, the technology level is quite satisfactory. Since the founders of the firm are ex-employees of
a Japanese brand, the influences of Japanese culture such as lifelong employment and inter-personal trust
can be observed. The interviews were held with three positions as manager, engineer, and assembly-line
worker. The manager and engineer preferred to answer the questions together due to the unexpected
workload at the interview time. During the interview, it is observed that the manager and the engineer are
knowledgeable about Industry 4.0, but the assembly line worker is not aware of the term similar to AUL.
Thus, the assessment of the firm regarding the implementation of Industry 4.0 is based on the perceptions
of two layers.

As the firm was founded in the digital age, the use of advanced technologies can be observed in every
single process. Industry 4.0 is interpreted as "the future" by the manager and the engineer. The firm
believes that if a well-designed investment is made in technology, the position of the firm gets stronger.
AU2 holds several meetings for digitalization which are generally organized by the R&D department. The
outcome of the meetings supports that adopting the Industry 4.0 concept increases the efficiency of
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business activities. Also, the firm attends domestic and foreign trade fairs for the same purpose. Thanks to
the fairs and the meetings, the firm becomes more innovative day by day. For instance, new production
processes are added to the existing system and all processes are monitored at different points. Besides,
the firm uses software systems integrated with suppliers, customers, and internal departments. As far as
the questions about the future are considered, the manager and the engineer believe that the production
processes will completely change and if employees cannot keep pace with this change, most of them will
be eliminated. Additionally, some jobs will disappear, and the number of blue-collar employees will
decrease compared to white-collar ones. The manager indicated that Industry 4.0 will upgrade workers and
there will not be a significant change in the number of workers in the supply chain because the business
volume gradually increases. In the current situation, the firm uses Industry 4.0 sixty percent in the supply
chain. The full implementation of the Industry 4.0 concept to the supply chain will reduce the margin of error
in production and thus better-quality products will be produced.

The engineer, on the other hand, has a more pessimistic attitude towards the effects of Industry 4.0
on employees. Accordingly, Industry 4.0 will have a deskilling impact on workers. The recruitment process
will be conducted based on the requirements of the new business systems.

AU3

Unlike AU1 and AU2, AU3 is a member of an international group. Since the firm produces automotive
spare parts, the technological advancement of the firm is at a certain level. However, the other production
units of the same international group in different countries use more advanced technology in the production.
In AU3, the interviews were held with a manager, an engineer, and a worker from the product line. The
answers were not different in terms of the awareness of Industry 4.0 when compared to the other two firms
but there are differences concerning the implementation of Industry 4.0.

According to received answers from the manager and the engineer, they are aware of the Industry 4.0
concept but there has not been any specific effort to implement this concept until now. The reason might
be that the firm is satisfied with its existing systems or the firm believes that the implementation will be
costly. When we compare the responses of the engineer and the manager, the engineer was more excited
and interested in the Industry 4.0 concept. The manager, on the other hand, did not seem relevant to the
issue of the implementation of Industry 4.0. According to the engineer, if the firm goes on with the current
systems, some troubles such as an increasing churn rate and inability to sustain competitive power can
appear in the rapidly changing market. AU3 improves itself but not specifically in the field of Industry 4.0.
The engineer believes that the Industry 4.0 concept will bring brand-new technological developments and
provide a competitive advantage.

MS

The firm has been serving the whole world with business and construction machines since 1972. It
has been very successful with its wide product range and quality service. It has been in operation for more
than 40 years, specialized in business machines, and provides solutions for customers' commercial needs.
It brings together many modern and innovative business lines under the same roof with the leading
organizations of the region with 500.000 m2 open and closed production area and approximately 1000
personnel in Ankara. Project, R&D, Testing and Quality Control departments, CNC machining, Machining,
Heat Treatment, Dyeing, and Sanding centers are the leading units. Also, after-sales services to customers
in many countries around the world have 24 /7 service. As a firm operating in the machinery sector; the
quality policy is to use advanced technology, to provide customer satisfaction by producing in time, and to
comply with the relevant legislation, national and international standards.

The firm exports to many countries such as Kazakhstan, Russian Federation, Azerbaijan, Greece,
Turkmenistan, Afghanistan, Syria, Saudi Arabia, Sudan, Libya, Algeria, Iraq, and Ireland. Additionally, it is
among the largest working machinery manufacturing firms in Turkey. For this reason, its potential to use
"Industry 4.0" applications is quite high. Within the scope of the interview, the firm's general manager,
intelligent transportation systems engineer, and warehouse worker were chosen.

In general, there is no complete transition to "Industry 4.0" applications, even though the firm uses the
technology extensively. However, the investments in recent technology are quite high. The fact that most
of the robotic systems and software they use in production are created by their engineers. Since the firm's
product range is wide, transition to "Industry 4.0" will be very costly for the firm. Nevertheless, the firm
continues to invest in primary areas in Industry 4.0. According to this information, the firm has the potential
to provide full integration in the future. The biggest competitors of this firm are European firms. Thus, it is
crucial to increase the quality of the production to sustain a competitive edge in the world markets and it is
conditional on introducing technological products.
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Categories Concepts

AU1 (fully implemented)

AU2(almost fully implemented)

AU3 (not implemented)

Customers Well-known global automotive Well-known global automotive brand  Well-known global automotive brand
brand
All car producers operating in
}3 Turkey
= Competitors The company takes first place in There are strong external and internal There are strong external and internal
8 terms of business volume in competitors competitors All companies which
< Turkey All  companies which produce produce automotive spare parts
g All companies which produce automotive spare parts around the around the world
S automotive spare parts around the globe
S globe
E Technologies Advanced hardware and software Advanced hardware and software Mid-level hardware and software
| Continuous investment in Continuous investment in business Discontinuous investment in business
business technologies technologies technologies
Industry 4.0 concept can be Industry 4.0 concept can be observed Industry 4.0 concept is not
observed in business activities in business activities implemented
}3 Corporate strategies To increase profitability for Large market share in automotive Large market share in automotive
= stakeholders spare parts spare parts
3 To decrease time and costs of To decrease time and costs of To protect and improve the existing
T technological development technological development system
5 To use technology to protect To use technology to protect
T competitive advantage competitive advantage
B Structure and Culture of firm Divided business units Divided business units Divided business units
S Hierarchical structure Hierarchical structure Hierarchical structure
o Up or out the career path Lifetime employment (Japan culture)  Lifetime employment (Japan culture)
Role of IS for firm New brand systems/technologies New brand systems/technologies are To ensure the continuity of the current
are always being developed for always being developed for fast- system
optimal production growing and competitive advantage
IS structure and operations  Similar but slightly modified Integrated common applications exist Integrated common applications exist
& applications for different
a departments
S To provide integrity
$ IS policies and practices No standardization No standardization No standardization
- IS staff The innovation department R&D department identifies the The same technology strategies for a
identifies the strategies for strategies about technology long time
technology New graduates and skilled Mid-skilled and skilled employee are
Skilled employees are considered employees are considered for considered for recruitment
for recruitment recruitment
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Table 1. (Continued)

Categories

Concepts

AU1 (fully implemented)

AU2(almost fully implemented)

AU3 (not implemented)

Consequences of adopting Adopting Conditions for adopting and

and using using Industry 4.0

Industry 4.0

and using Industry 4.0

concept

Articulating IS problems

Formulating Industry 4.0
intentions
Acquiring  Industry 4.0

requirements

Changing IS policies and
practices

Changing the IS structure
and operations
Stakeholders' reactions

Increased demand from
stakeholders for better
applications

No significant change

Increased productivity
Decreased time and costs of
technological development
Reached a better point for
competitive advantage

In-house development
investing in existing systems

by

No significant change due to
great technological history

No significant change due to
great technological history
Impressed stakeholders due to
facilitated businesses

Increased demand from stakeholders
for better applications

In-house employee training for new
technologies

No significant change because the
company was born into technology in
2007

Decreased time and
technological development
Reached a better point for competitive
advantage

In-house development by investing
existing systems

cost of

No significant change

No significant change

Impressed stakeholders due to
facilitated businesses especially
customers

Nothing new because the company is
going on with the existing systems

Industry 4.0 is not implemented

Industry 4.0 concept
implemented

is not fully

No change
No change

Industry 4.0
implemented
Fix and regular business
customers for a long time

Few workers have a fear of being
removed if Industry 4.0 s
implemented

concept is not

with
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Categories  Concepts AU1 (fully implemented) MS (Industry 4.0 not fully implemented) FS (Industry 4.0 not implemented)
Customers  Well-known global automotive brand Domestic market Regional local stores
o All car producers operating in Turkey Turkish Republic and Balkan countries the Grocers
x . .
a Middle East countries Wholesalers
5 Competitors The company takes first place in terms of Companies producing work machines in The other jam and candy companies in
o business volume in Turkey Germany Companies engaged in the Turkey
g All companies which produce automotive production of work machines in the domestic
@ spare parts around the globe market
E Technologie Advanced hardware and software The software designed within the company The vehicle tracking system, RFID,
.g S Continuous investment in business such as vehicle tracking systems, fuel and handheld terminal
5 technologies tracking systems, and ERP modules Geat
Industry 4.0 concept can be observed in interest and investment in technology
business activities
% Corporate To increase profitability for stakeholders ~ Maximum profit and quality in production Maximum profit and quality in
a strategies To decrease time and costs of To reach sufficient production capacity for production
5 technological development the domestic market Reach sufficient production capacity
© To use technology to protect competitive To reduce dependence on Europe for domestic market
s advantage Maximize customer satisfaction
2 Divided business units Divided business units due to the broad The variety of production is high
g Hierarchical structure product range No fully hierarchical because it is a
g Up or out a career path Hierarchical structure family company
2 Specialization is important Open to innovation
O Competitive and open to innovation
Role of IS New brand systems/technologies are Intensive IS is wused for maximum Traditional methods in production are
for a firm always being developed for optimal productivity and quality in production better
production The technology is not being used
extensively
IS structure Similar but slightly modified applications Integrated common applications exist Few integrated applications exist
‘g and for different departments
1= operations To provide integrity
3 IS policies No standardization No standardization To provide standardization
9 and
practices
IS staff The innovation department identifies the R&D department identifies the strategies for Employees in the production are

strategies for technology
Skilled employees are considered for
recruitment

technology
New graduates and skilled employees are
considered for recruitment

experts
Qualified employees are considered
for recruitment
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Table 2. (Continued)

Categories  Concepts AU1 (fully implemented) MS (Industry 4.0 not fully implemented) FS (Industry 4.0 not implemented)
B2 Articulating  Increased demand from stakeholders for The cost of new technology integration is The transition from the traditional
g IS problems  better applications high method to the technological method
c° (difference in the taste between
‘g ; traditional production and
R technological production)
= 3 Formulating  No significant change To increase production and productivity To increase production and
o c
5 = Industry 4.0 Increased productivity Cost reduction productivity
§ < intentions Decreased time and costs of To reduce costs
% g technological development To improve customer satisfaction
S Reached a better point for competitive
o advantage
- > To acquire In-house development by investing in Industry 4.0 conceptis not fully implemented Industry 4.0 concept is not fully
S0 F Industry 4.0 existing systems implemented
o3 2 requirement

c
g £0 S

o
S99
<gv
- Changing IS No significant change due to great No significant change No significant change
g policies and technological history
=2 practices
c
g Changing No significant change due to great No significant change No significant change
<
S > the IS technological history
S5 structure
oS and
L= operations
(&)
S _E’ Stakeholder Impressed stakeholders due to facilitated Stakeholders are about to impress due to Industry 4.0 concept is not
=3 s'reactions  businesses facilitated businesses implemented
3 Few workers have a fear of being removed Fix and regular business with
5 from work if the industry 4.0 concept is fully customers for a long time
O implemented
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During the interview, participants answered all questions about Industry 4.0. Only the assembly line
worker was reluctant to answer the question because he had no information about "Industry 4.0". The
interview with him proceeded more on technological awareness. As far as "Industry 4.0" is considered, we
concluded that future technologies create anxiety for blue-collar workers. If the firm accomplishes a
complete transition to Industry 4.0, the competence and continuity of the workers will be a very important
issue for them. From a managerial point of view, Industry 4.0 has no disadvantages except costs. For
engineers, the intensive use of technology is a great advantage. They know that new systems can produce
flawless, efficient, and quality products. For this reason, Industry 4.0 for both positions is a very important
investment area.

Since the cost of infrastructure is quite high, the transition period to the "Industry 4.0" applications does
not occur rapidly. In this regard, the executive director emphasized the importance of state intervention as
a solution. The excessive cost of necessary infrastructure negatively affects this process and it is thought
that this problem can only be solved with government support.

As for the firm's supply chain management process, it can be observed that some Industry 4.0
technologies such as vehicle and fuel monitoring systems have been implemented. However, there is no
complete transition in this section. Additionally, the supply chain process is a crucial element of the general
vision of the firm. We, therefore, propose that supply chain management systems should be in the first
place in the investment decision. Based on the current state of the firm and its future goals, it can be
concluded that this firm can achieve full integration in the future. The transition period is not difficult for this
firm, which uses technology extensively. It is thought that there will be no adaptation problem due to the
presence of skilled employees in the firm.

FS

The firm operating in the food sector is one of Turkey's leading traditional food manufacturing firms. It
was founded in 1989 as a family business. It produces goods such as "halva", "tahini", "molasses", "jam"
and "Turkish delight". The firm emphasized the important role of the supply chain to meet customers' needs.
We chose this firm to examine how the adoption process of advanced technology occurs in the low-tech
sector such as food. Interviews were held with the firm's general manager and production engineer. The
assembly line worker did not participate in the interview due to the intensive workload. The answers given
by the manager and the engineer are similar. They do not have a deep knowledge of the issue because

they use traditional methods in production.

According to the answers given by the manager and the engineer, they are aware of the concept of
Industry 4.0, but no attempt has been made to apply this concept until now. There are various reasons for
not adopting these technologies. First, firms rely on the existing technology since they are satisfied with the
efficiency of the traditional methods. The second and most important reason is the costs of implementation.
According to the engineer, the firm will keep using traditional methods in the future. However, this attitude
will cause an undesired situation such as losing competitive power in the market.

Table 3 demonstrates the evaluation of firms' supply chain and Industry 4.0 situation by considering 6
variables including infrastructure, flexibility, efficiency, competitiveness, profitability, risk, and cost. The
table enables us to understand why one case is different from the others.

Table 3. Evaluation of Industry 4.0 performance

Industry 4.0
Infrastructure Implementation
for Industry 4.0  Flexibility  Efficiency Competitiveness Profitability  Risk and Cost
AU1l Fully suitable High level High Forerunner Very high Very low
level level
AU2 Suitable High level Midlevel  Above average High level Very low
AU3 Suitable Low level Midlevel  Average Midlevel Very High
MS  Suitable High level Midlevel  Above average  Very high Low
level
FS  Not fully Very low  High Above average  High level Very High
suitable level level

The analysis makes it possible to compare firms from different perspectives. Scaling is performed
according to the answers received in the interviews and a 1-5 rating scale is used for each variable.
Infrastructure indicates the readiness of the current infrastructure of the firms regarding Industry 4.0
technologies. “Not fully suitable” means that the firm cannot shift to Industry 4.0 because its infrastructure
is not ready. “Fully suitable”, on the other hand, shows the presence of adequate infrastructure. We also
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include the term of flexibility which shows the exchangeability of products in the production lines and the
changeability of the existing system against new advanced systems. Scaling is performed in terms of the
flexibility of the production line. Efficiency reflects how well the firms use their existing systems and how
efficiently these systems operate. Competitiveness gives information about the position of the firms in the
Turkish market. The comparison is made based on other competitors in the same industry. Profitability
shows the value of the operations while risk and cost express the consequences of adopting the Industry
4.0 concept.

AU1L: Since the firm's infrastructure is fully suitable for Industry 4.0 with low implementation risk and
cost, full integration is provided. Besides, the flexibility and efficiency in supply chain management (SCM)
are achieved at a high level. It makes the firm have a strategic position in comparison to the others in the
same industry. Considering these factors and feedbacks from the interviewees, firm AU1 has a very high
margin of profitability.

AU2: Being a young firm provides a great advantage in terms of shifting to Industry 4.0. So, it has
adopted this concept to a large extent and has achieved a certain level of progress such as increased
flexibility and efficiency in its production lines. With the low risk and cost, the firm has above average
competition rate with high profitability.

AU3: The firm’s infrastructure is suitable for industry 4.0, but due to its costs, the firm may not be able
to integrate in a short time, thus flexibility is low. Although the industry has not made the transition to Industry
4.0, the market share is high which gives it a competitive advantage above the average.

MS: The firm's infrastructure is suitable for "Industry 4.0", so there is no obstacle for full integration in
the future. The firm provides flexibility in SCM to a large extent. However, since full integration cannot be
provided in the current situation, the level of efficiency is not that high. The use of technology is lower
compared to international competitors, so the firm can compete at a moderate level. Regarding the general
situation of the firm, it is one of the sector leaders with a high level of profitability. It is costly and risky to
provide full integration due to the wide product range.

FS: The firm's infrastructure is not suitable for the Industry 4.0 concept and no attempt has been made
to implement this concept. FS is apt to use traditional methods since they believe that they are more
productive than new technologies. Additionally, they are costly and risky. Thus, flexibility in the supply chain
is quite low. The productivity level, on the other hand, is high since it sustains its profitability using traditional
methods, and the firm has a competitive power above the average in the market.

5. CONCLUSION and DISCUSSION

Industry 4.0 or Smart Manufacturing is the fourth industrial revolution. It could be a modern worldview
and the joining of cutting-edge ICT and fabricating innovations. It offers successful and optimized choices.
For the recognition of Smart Manufacturing, the latest modern technologies range from CPS, cloud
manufacturing, enormous information analytics, loT, and smart sensors to added substance fabricating,
and 3D image.

The expanded consideration developed by this new mechanical worldview commonly known as
Industry 4.0 has raised numerous questions regarding the scope of the concept and its implications, as well
as the innovative advancements to be fulfilled. Based on the literature review conducted at the beginning
of the study, to our knowledge, no studies have examined the different sectors and the perspectives of the
different layers of the firm regarding Industry 4.0 and its effect on the supply chain management system.

Prior research has documented that, Industry 4.0 implementation has positive effects on firm
performance and the supply chain systems. However, these studies do not analyze the whole system in a
broader perspective by considering the opinions of managers, engineers, assembly-line workers, and their
future predictions. In this study, three firms from the automotive sector were evaluated and the most
successful automotive firm that adopted Industry 4.0 within its Supply Chain was compared with the other
two firms from the food and machinery sectors. Hence, clear considerations can be acknowledged from the
usage of Industry 4.0 from these evaluations.

The collaboration between machines and people may socially affect the life of the specialists in the
long run. From the analysis executed, it can be seen that the implementation of certain technologies within
the supply chain process can result in both opportunities for organizational perspective and threats for
employees in the long run due to the minimum involvement of human factor with the adoption of Industry
4.0. Although previous studies provide a comprehensive perspective on the implementation of Industry 4.0
(Dalenogare et al. 2018) by exploiting secondary data, this study presents detailed information about each
firm by applying a case study approach.
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According to the interview results, managerial and engineer level workers of these five firms have a
certain level of knowledge on Industry 4.0. Except for the firm in the food industry, which uses traditional
production methods, Industry 4.0 has a positive influence on firm operations. Moreover, this study shows
that Industry 4.0 integration into production systems could have negative effects on product quality which
affects customer satisfaction and profitability in the long run. Workers at the bottom of the pyramid-
assembly line workers-also have concerns about this new concept. They worry about losing their jobs, or
not being able to adapt themselves to new technology and systems. As far as the implementation of Industry
4.0 across the industry is considered, we observe that firms lag the recent developments.

There are some limitations regarding the size of the sample, which thus constrain the generalizability of
this study. Further studies may include firms from different industries and other stakeholders such as
competitors and suppliers. Notwithstanding limitations, this study provides a comprehensive understanding
of the link between the Industry 4.0 applications and supply chain management systems.
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