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GENISLETILMIS OZET

[k sanayi devrimi, yeni makinelerin icadi ve buhar giiciiniin iiretimde kullanilmasi ile 18. yiizy1lin sonunda
Biiyiik Britanya'da basladi. 20. Yiizyili gelindiginde ise, elektrik, tiretimin sistemlerinde kullanilmaya baglandi ve bu da
ikinci sanayi devriminin tetikleyici oldu. Uciincii sanayi devrimi, dijital teknolojilerin gelisimi ile 1970'lerin baginda
basladi. Dordiincii ve son sanayi devrimi ise 2011 yilinda Alman hiikiimeti tarafindan Hannover Fuari'nda tanitildi.
Endiistri 4.0 olarak da bilinen dordiincii sanayi devrimininim ana teknolojik gelismeleri olarak siber-fiziksel sistemler,
otonom robotlar, yatay ve dikey sistem entegrasyonu, simiilasyon, nesnelerin interneti, siber giivenlik, bulut sistemleri,
katmanli tiretim, biiylik veri ve arttirllmis gerceklik olarak aciklanabilir. Endiistri 4.0 ile birlikte iiriin ve hizmetlerin
gelistirilmesinde yeni sistemler kullanilmaya baglanacak, bu da iiretimin daha esnek ve ¢evik olmasini saglamakla
kalmayip, daha verimli, etkin ve kisiye 6zel iiriin iiretilebilmesini saglayacaktir. Ayrica, bu sanayi devrimi ile beraber,
sadece iretim sistemleri degil, toplum ve calisanlarda, is giicliinden istenilen yetkinliklerin degismesi ve yeni
teknolojilerin kullanilmasi ile miisteri analizlerinin daha detayli yapilmasi ile etkileneceklerdir. Bu nedenlerden dolayi,
hem rekabet listiinliigii elde etmek hem de degisen kosullara uyum saglayarak hayatta kalmak i¢in firmalar doérdiincii
sanayi devrimine dnem vermektedir.

Bu calismanin amaci Izmir ve Manisa illerinde bulunan firmalarin Endiistri 4.0 terimleri hakkinda
farkindaliklarin tespit etmektir. Ayrica, ¢aligmada, Endiistri 4.0 terimlerinin bilinirligi ile firma biiylikligi ve Ar-Ge
biitgesi arasinda bir iliski olup olmadigr aragtirtlmistir. Dordiincii sanayi devrimi firmalarin yapisimi etkilediginden,
anket genel yoneticilere dagitilmistir. Analiz birimi firma seviyesidir.

Veriler, ek bolimiinde yer alan anket yoluyla toplanmistir. Anket hazirlandiktan sonra, anket sorulari
arastirmanin icerik gecerliligini artirmak icin iic asamadan gegmektedir. Ilk olarak, anadili Ingilizce olan bir arastirmaci
IDC raporundan gevrilen sorulari incelemistir. Gerekli diizenlemeler yapildiktan sonra, 10 akademisyen anketin
anlagilabilirligini test etmek igin sorularini okumus ve degerlendirmistir. Gerekli degisiklik yapildiktan sonra, ankette
gereksiz bir soru olup olmadigimi 6grenmek i¢in iki iiretim miidiirii ile yiliz yilize goristiiler gergeklestirilmis ve anket
son seklini almistir.

Bu c¢alismada kolayda 6rneklem yontemi kullanilmistir. Anket sorular1 Aliaga Organize Sanayi Bolgesi, Buca
Ege Giyim Organize Sanayi Bolgesi, Atatiirk ve Manisa Organize Sanayi Bélgesi, izmir ve Ege Serbest Ticaret
Bolgelerinde bulunan firmalara e-posta yoluyla gonderilmistir. Bu organize bolgeler ve serbest ticaret bolgeleri kolay
erigilebilirlik nedeniyle secilmistir. Veri toplama siirecinin sonunda yalniz 13 firma anketi cevaplamis, yetersiz
orneklem biiyiikliigii nedeniyle arastirmacilar veri toplamak i¢in ayrica kartopu ornekleme yontemine bagvurmustur.
Boylece, katilimci sirketlerden anketi diger sirketlere gondermeleri istenmistir. Bu sayede, ¢aligmada kullanilan 25 veri
kartopu 6rnekleme yontemleri elde edilmis ve bu ¢aligmanin 6rneklem biiyiikliigii 38 olmustur.

Bu makalenin veri analizi iki asamadan olusmaktadir. Tk béliimde, katilimeilarin ve firmalarin demografik
ozelliklerini degerlendirmek igin betimsel analizler yapilmustir. Ikinci boliimde, anket yoluyla toplanan veriler SPSS 24
stirimii kullanilarak analiz edilmistir. Hipotez testi asamasinda, parametrik olmayan testlerden biri olan ki-kare testi,
endiistri 4.0 ile ilgili terimlerin farkindalig: ile firma biiyiikligii ve Ar-Ge biitgeleri arasinda bir iligki olup olmadigini
arastirmak i¢in kullanilmustir.

Yapilan betimsel analize gore, Endiistri 4.0 terimi (% 23,36) firmalar tarafindan en gok bilinen terimdir.
Nesnelerin interneti (% 17,52), fabrika diizeni (% 16,06) ve biiylik veri (% 16,06) firmalar tarafindan en ¢ok bilinen
diger terimlerdir.

Ayrica ki-kare analizlerine gore, biiyiik firmalarin KOBI'lere kiyasla biiyiik veri, toplum 5.0 ve nesnelerin
interneti terimlerinin daha farkinda olduklar1 sonucuna varilmistir. Dahasi, firmalarin Ar-Ge biitgesinin varligi ile
Endiistri 4.0'm terimlerinin farkindaligi arasinda bir iliski olup olmadigimi 6grenmek icgin baska bir ki-kare analizi
yapilmistir. Analiz sonucu, Ar-Ge biitcesine sahip firmalarin, Ar-Ge biitgesine sahip olmayan firmalara kiyasla, biiyiik
veri ve nesnelerin internet terimlerinin farkinda olduklarini gostermektedir.

Diger taraftan, bu caligmanin gelecekteki arastirmalar igin firsatlar yaratan bazi sinirlamalar1 vardir. Bu
arastirmanin en dnemli kisithilig kullanilan 6rnekleme yontemidir. Kolayda ve kartopu 6rneklemesi yontemi ¢aligmasin
genellenebilirligini kisitlamistir. Ayrica, veriler [zmir ve Manisa sehirlerinden toplanmistir. Bu nedenlerden dolayi, yeni
arastirmacilar farkli 6rnekleme yontemlerini kullanarak ve farkli cografi alanlarda faaliyet gdsteren firmalara ulasarak,
firmalarin Endiistri 4.0 hakkindaki farkindaligini tekrar test edebilirler. Bu g¢aligmanin {igiincii sinirlamasi ise firma
sektori ile ilgilidir. Bu ¢alismada, gesitli sektdrlerden veri toplandigindan dolayi, sektdrler arasinda bir Oriintii ve
terimlerin farkindalig1 analizi yapilamamistir. Boylece, gelecekteki ¢alismalar belirli bir sektore/sektorlere odaklanarak
sektorlerin Endiistri 4.0 ile ilgili terimlerin farkindalig1 ile sektoriin Endiistri 4.0’dan beklentileri, goriisleri ve zorluklar
hakkinda arastirmalar yapabilir.
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1. INTRODUCTION

The first industrial revolution began by the end of the 18th century in the Great Britain, due to
invention of new machines and usage of steam power in production. Industry 1.0 affected production
systems, subsequently reshaping the whole society. Afterward, usage of electricity in a butchery factory
triggered the second industrial revolution.

New inventions and technological developments triggered the third industrial revolution.
Information technology and automation were used more frequently in production. This revolution also is
called the "Green Revolution", because individuals had started to see the effects of the using high amount of
fossil fuels on the environment. Sustainability became the main focus of businesses, governments and the
whole world. Furthermore, high-speed railroad systems, fiber optic, satellite, cellular phones, inventions of
the internet, 3D printer technology, and biogenetic research were the important breakthroughs in this era.

In the 21st Century, the new industrial revolution, which is referred to as Industry 4.0, began.
Industry 4.0 changes all manufacturing systems and brings new technologies and systems to production such
as, internet of things, cyber-physical systems, big data. Within this new era; production systems, machines
and all goods will have small microchips that will transform them into “smart goods” that humans can
control remotely. Additionally, most systems will be managed by robots. Automation in the factories will
increase dramatically. Products will be tailored specifically for the individual. Moreover, jobs and business
descriptions and competition dynamics are the other areas that will be affected from the fourth industrial
revolution.

In the first part of this article, industrial revolutions will be briefly introduced. Following this,
Industry 4.0 and the nine pillars will be defined. Under the awareness application, we will measure the firms
Industry 4.0 awareness through firm size. Moreover, additional information about firms’ research and
development (R&D) budget, sector, Industry 4.0 stages, and challenges of Industry 4.0 and benefits of
various information technology (IT) integration will be provided.

2. INDUSTRIAL REVOLUTIONS

With the end of the 18th century, the first industrial revolution began through the inventions of
machines and the usage of steam power. Mechanization is the core characteristic of the Industry 1.0
(Kagermann et al., 2013). Thus, as the fabric of production systems changed, small work areas returned to
factories (Drath and Horch, 2014, p. 1). Production become quicker and cheaper than before due to new
inventions and machines (Allen, 2006, p. 29; Jensen, 1993, p. 834).

In the 20th Century, usage of electricity in the production initiated the second industrial revolution
(Atkeson and Patrick, 2001, p. 3; Kagermann et al.,2013; Rosenberg,1998, p. 8). Mass production became
possible with the usage of new energy in factories.

The third industrial revolution begun in the early 1970s. In 1969, automation systems became
digitally programmable by humans through invention of programmable logic controller. Thus, more flexible
and efficient production were possible (Kagermann et al., 2013). Automation and information technology
were the core elements of this industrial revolution (Blanchet et al., 2014, p. 7; Jazdi, 2014, p. 1).

Industry 4.0 firstly introduced in 2011 at Hannover Fair by the German government (Kagermann et
al., 2011). In 2013 German National Academy of Science and Engineering (acatech) declared paper about
Industry 4.0 (Kagermann et al., 2013). However, different countries and companies have accepted Industry
4.0 philosophy with a different name, for example, Germany mostly uses “Industrie 4.0, English- speaking
countries and European Union prefer the name of Internet of Things (loT) (Kagermann et al., 2013). China
has developed a strategic plan named “Made in China 2025 in order to catch up technologic developments
of Industry 4.0 (Liu, 2016), Japanese carried the term one step forward and uses the term, “Society 5.0”. This
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term is a joint integration of countries technological developments and society’s values (Wang et al, 2016a).
Finally, General Electric uses the term “Industrial Internet” (Evans and Annunziata, 2012).

3. NINE FUNDAMENTAL TECHNOLOGIES OF INDUSTRY 4.0

Kagermann et al. (2013) define Industry 4.0 as the collection of smart factories, cyber-physical
systems (CPS), self-organization, new systems in distribution and procurement, new systems in the
development of products and services, adaptation to human needs and corporate social responsibility.
Moreover, according to Blanchet et al., (2014, p. 7-9) cyber-physical systems and marketplace, smart robots
and machines, big data, a new quality of connectivity, energy efficiency and decentralization, virtual
industrialization and factory 4.0 are key characteristics of Industry 4.0. Furthermore, Boston Consulting
Group (BCG) published a report about the essential technologies of the Industry 4.0, which are autonomous
robots, simulation, horizontal and vertical system integration, industrial internet of thing, cyber-security, the
cloud, additive manufacturing, augmented reality and big data and analytic (RiiBmann et al., 2015). Thus,
cyber-physical systems, smart factory, cyber-security, vertical & horizontal integration system, autonomous
system, internet of things (loT), big data, augmented reality and cloud system are the core technologies of
Industry 4.0, which are explained in the following paragraphs.

Rajkumar et al. (2010, p.731) define cyber-physical systems as “physical and engineered systems
whose operations are monitored, coordinated, controlled and integrated by a computing and communication
core”. Cyber-physical systems can be basically defined as a bridge that form a connection between the real
and virtual world while using internet of things technologies (Kagermann et al., 2013) and computing and
communication infrastructures (Baheti and Gill, 2011, p. 161; Rajkumar et al., 2010, p. 731; Schmidt et al.,
2015, p. 17).

The second core technology of the Industry 4.0 is smart factory that brings a new approach to
production (Kagermann et al., 2013, p. 7). The smart factory is defined as the implementation of cyber-
physical systems inside a factory (Wang et al 2016b, p. 7; Wang et al., 2016c, p.159). In a smart factory;
employees, machines, sources, and systems use the cyber-physical systems to communicate with each other,
also this technology provides a suitable environment to share information (Kagermann, 2015, p. 33). Thus,
the aim of smart factory technology is to satisfy customers better by a quicker response to customers’ needs
and wants (Zhou et al., 2015; Shrouf et al., 2014, p. 698). Flexible and agile production (Wang et al., 2016c,
p. 159) and solving problems and helping managers and employees in real-time without stopping production
are some features of this technology (Lucke et al., 2008, p. 1).

Cyber-attacks can be performed either by using the availability and connectivity of the systems or by
using security vulnerabilities (Xie et al., 2010, p. 213). Moreover, cyber-attack not only induce damage of
factories or production system but also company's reputation, image and abilities to controlling processes are
affected negatively (Byres and Lowe, 2004, p. 4). The above highlights why cyber-security is an important
technology; Industry 4.0’s technologies, firms’ machines and systems use internet to communicate each
other and share information, these open network systems may face cyber- security threats more often (Byres
and Lowe, 2004, p. 1; Rimann, et al., 2015, p. 4). So that without cyber-security, valuable knowledge of
firms will be in danger of cyber-attacks.

The other core technology of Industry 4.0 is vertical & horizontal integration system. Basically, these
integration functions can be explained as horizontal integration and provides intercorporate cooperation with
using value network, vertical integration forms hierarchical subsystems inside firms which ensures elastic
and reconfigurable manufacturing system (Wang et al., 2016b, p. 2).

Robots already have been employed in the factory (RiiBmann et al., 2015, p. 3), however, their
capabilities, skills and functions are very restricted. With Industry 4.0, new technologies contribute towards
the development of autonomous systems. Thus, these systems become more flexible, cooperative and self-
configuring (Blanchet et al., 2014, p. 8; Kagermann et al., 2013; RiiBmann et al., 2015, p. 3). Moreover, they
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can take decision themselves with using their sensors without receiving approval from a human, to justify
their actions (Redfield and Seto, 2017, p. 103), and give response to the different situations (Kagermann et
al., 2013, p. 20).

Internet of things technology will play central roles in the revolution of Industry 4.0, because, with
this technology, objects have special identities which bring new abilities, such as; connecting to the internet,
storing all data, sharing information to and receiving information from the other objects in real time
(Kagermann, 2015, p. 25).

The other fundamental technology of Industry 4.0 is big data. Big data can be defined as a large-
volume (Blanchet et al., 2014, p. 8), complicated, heterogeneous and unstructured data. (Chen et al., 2014, p.
171; Wu et al., 2014, p. 97). Data can be obtained from multiple sources automatically (Riilimann et al.,
2015, p. 2-3; Wu et al., 2014, p. 97), it is not controlled by any central and does not depend on any control
mechanism (Wu et al., 2014, p. 98). Big data supports the managers when making decisions in real time
(RiiBmann et al., 2015, p. 2-3).

Virtual and augmented reality terms can be thought as a similar word, but these two terms have
different in some perspective. For example, virtual reality (VR) provides a synthetic platform for users with
adding real objects to the virtual platform consequently the virtual has been enhanced. However, users
cannot see the real world when using it (Azuma, 1997, p. 355; Kerawalla et al., 2006, p. 164; Liu et al.,
2007). On the other hand, augmented reality (AR) enhances the real word (Liu et al., 2007) and improve
users experience through creating a bond between the virtual and real world (Azuma et al., 2001, p. 34;
Klopfer and Squire, 2008; Van Krevelen and Poelman, 2010, p. 1; Paelke, 2014, p. 1). Augmented reality
makes easier lives of employees because they directly reach information about the new tasks such as which
parts should be selected, the location of parts and repair instruction (RiiBmann et al., 2015, p. 5). So that
firms can more quickly adapt to their production system to the dynamic environment (Paelke, 2014, p. 1).
Furthermore, herewith this technology, before a built a new plant or launching a new product, all possibilities
will be simulated in virtually, hereby firms will earn time and decrease their cost (Blanchet et al., 2014, p. 9).

National Institute of Standard and Technologies (NIST) define cloud technology as a “Cloud
computing model for enabling ubiquitous, convenient, on-demand network access to a shared pool of
configurable computing resources (e.g., networks, servers, storage, applications, and services) that can be
rapidly provisioned and released with minimal management effort or service provider interaction” (Mell and
Grance, 2011). To sum up, cloud systems can be defined as a platform; users can easily reach, manage and
reconfigure resources (Vaquero et al, 2008, p. 51) within minutes or seconds. That system provides some
technological, economical and timesaving benefits to firms (Riilmann et al., 2015). Whole collected and
produced data can be available from both everywhere and everyone (Botta et al., 2016), also cost of holding
data decreases thanks to cloud system (Kagermann, 2015, p. 26). When all benefits of the nine fundamental
technologies of Industry 4.0 are met, understanding and applying the Industry 4.0 concepts become essential
for firms.

4. APPLICATION
4.1. Objectives

The main objectives of the study are to identify awareness of firms located in Izmir and Manisa cities
about Industry 4.0’s terms and to find out whether there is a relationship between firm size and awareness of
Industry 4.0’s terms and R&D budget of firms and awareness of Industry 4.0’s terms.

4.2. Methodology

Data is collected using structured questionnaires, which is available in the Appendix section. The
survey is distributed to general managers, as the fourth industrial revolution affects the structure of firms.
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Thus, it is argued that the general manager is aware of the fourth industrial revolution and the firms’
approach. The unit of analysis is the firm level.

The questionnaire that is used for this study consists of four parts. The first part contains questions
about the descriptive features of both respondents and firms. In the second part of survey, there is only one
statement that aims to clarify which terms are known by firms. Third and fourth parts of the questions
(between 12-27) are taken by International Data Corporation (IDC) Report (Schulte, 2016).

After the questionnaire is prepared, survey questions pass three stages to increase the content validity
of the research. Firstly, a native speaker evaluated the questions, which are taken from IDC report and based
on her feedback, translation error was corrected. After that, 10 academicians read and evaluated the survey
guestions to prevent ambiguity problems on the survey. After required amendment is made, researchers
made face to face interviewed with two production managers to learn whether there is an unnecessary
guestion on survey, and as to their evaluations, the survey was modified and take its final shape.

Sample size of this study is 38. The sample of the study is determined by non-probabilistic methods.
The survey contains questions about specific information of firms and their strategies about Industry 4.0. So
that survey questions should be answered by the general managers, however, some of the surveys are
answered by other white-color personnel. Difficulties in reaching general managers, time and budget
constraints are the main reasons to select the convenience sampling method. In this study convenience and
snowball sampling methods are used together to determine the sample.

The first stage of this study employed use of the convenience sampling method was used. Survey
questions were distributed to firms located at Aliaga, Buca Ege Sanayicileri, Atatiirk and Manisa organized
industrial zone, Izmir and Ege free-trade zones. These organized zones and the free-trade zones were
selected due to easy accessibility. E-mail information of firms were reached through the internet web site of
industrial zones and free-trade zones and the survey was distributed. General information about survey such
as the purpose of the study, who can answer the questions, information protection policy etc. were written in
the e-mails, the survey was attached to e-mails and 600 e-mails were sent to firms on 17.12.2017.

4 firms were located at the Atatiirk organized zone, 5 firms were located at the Gaziemir free-trade
zone and 4 firms were located at the Manisa organized industrial zone answered the survey. So that, 13 firms
are answered survey questions through e-mail.

Thereafter, snowball sampling method had determined to used by the researchers due to insufficient
sample size. Thus, the respondent companies were asked to send the survey to other companies. So that, the
remaining part of the sample (25 firms) are obtained snowball sampling methods and end of the study, the
sample size was 38 and survey collection period was between December to May, 2018 for this study.

Data analysis of this article can be collected under two parts. In the first part, descriptive analyses
are made to evaluate demographic characteristics of the respondents and firms. In the second part, data
collected through survey are analyzed using SPSS 24 version. In the hypotheses testing phase, one of the
nonparametric tests is chi-square which is used to find out whether there is a relation between firm size and
awareness of the terms related to industry 4.0. Chi-square test is used when data are nominal and the aim of
the study is to learn whether there is a relation between two variables or not (McHugh, 2013, p. 143;
Rencher, 2003).

4.3. Hypotheses

Industry 4.0, Made in China 2025, society 5.0, cyber-physical systems, big data, advanced
manufacturing partnership, internet of things and factory layout terms are selected as the dependent variables
of the hypotheses because; Industry 4.0 term has been used as define the fourth industrial revolution in 2011
by Germany government (Kagermann et al., 2011), Made in China 2025 is the Chinese version of the fourth
industrial revolution (Liu, 2016), society 5.0 that is adaptation society to the changes of Industry 4.0 has been
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used by the Japanese (Wang et al., 2016) and the cyber-physical systems used as a synonym of Industry 4.0
(Vogel-Heuser and Hess, 2016). So that these terms are the synonymous name of the Industry 4.0. Moreover,
some terms are effected technologies/areas by Industry 4.0 such as; big data and internet of things
technology are the result of the new industrial revolution (Kagermann et al., 2013), advanced manufacturing
partnership had been launched by Obama in U.S. (Secretary, 2011), that is a kind of partnership consist of
the industries, universities and the federal government to invest in emerging technologies like as Industry
4.0. (Johnson, 2016), vertical and horizontal integration and smart factories concept will change the design of
factory, manufacturing systems. So that, factory layout is one of the most affected areas from the fourth
industrial revolution (Wang et al., 2016).

When the literature is examined, it is found that a firm’s capacity and innovation level are connected
to each other. Introduction of new products, new processes, or new marketing or organizational methods are
related innovation activities and large firms can obtain more benefit in those fields when compared with the
SME’s (Golgeci and Ponomarov, 2015; Hult et al., 2004). Because large firms have a greater technological
ability, can allocate more cash flow and assets for innovation (Rogers, 2004) and make more R&D activities
due to their financial abilities (Kortuem, 2010; Scherer, 1991). Moreover, a research that is made in the
European manufacturing industry in 2008 reveals that product and process innovation performances of large
firms are better than the small and medium-sized enterprises (Vaona and Pianta, 2008). When all factors that
are mentioned above are evaluated, it is revealed that large firms can easier follow innovation and
technological changes thanks to their financial abilities and R&D budget than SME’s. Thereby, large firms
can more aware of the Industry 4.0's terms than SME.

Firm size is divided into four categories according to employees' numbers. These categorizations are
formed according to Tiirkiye Cumhuriyeti Kiigiik ve Orta Olgekli Isletmeleri Gelistirme ve Destekleme
Idaresi Baskanlig1 (Kosgeb) categorization (Kosgeb, 2018). If firms have 0-9 employees they are named as
micro small and medium enterprises (SME), 10-49 employees as small scaled SMEs, 50-249 employees as
medium scaled SMEs, 250 or above employees as large-scale firms. There are three different small and
medium enterprises categories, so that, to reach more properly firm size distributions, micro, small-scaled
and medium-scaled enterprises are categorized as SME category. So that, firm size categories are decreased
from 4 to 2 which are SME and large firms. After that, hypotheses are constructed to reveal whether there is
a relationship between firm size and awareness of Industry 4.0’s terms. The hypotheses constructed are as
follows:

H1: There is an association between the firm size and awareness of “Industry 4.0”.

H2: There is an association between the firm size and awareness of “Made in China 2025”.
H3: There is an association between the firm size and awareness of “Big Data”.

H4: There is an association between the firm size and awareness of “Society 5.0”.

H5: There is an association between the firm size and awareness of “Advanced Manufacturing
Partnership”.

H6: There is an association between the firm size and awareness of “Internet of Things”.
H7: There is an association between the firm size and awareness of “Factory Layout”.
HS: There is an association between the firm size and awareness of “Cyber-Physical Systems”.

Moreover, Industry 4.0 brings some new opportunities to firms such as all products, goods and
systems will be smart, and they can collect data by using sensors and share them with other devices, goods
and managers with the internet of things technology. At that time, cyber-physical systems will become a part
of the production activity and create a connection between the virtual and real world (Kagermann et al.,
2013; Bahati and Gill, 2011, p. 161; Rajkumar et al., 2010, p. 731; Schmidt et al., 2015, p. 17). However, this
causes some technical problems, which should be solved by firms. For examples, reliable and foreseeable
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software programs should be developed in order to create a connection between virtual and real world, also
proper software programs and algorithms should be purchased by companies to select accurate data from a
large pool and categorize, analyze and interpret them. Moreover, organizational structure and technological
infrastructure of firms should be ready to implement to Industry 4.0 in their firms. Thereby, research and
development budget of firms are crucial to buy or develop software programs, make essential changes both
managerial department and technological infrastructure of firms. Thereby, there is a question in the survey to
learn whether they have R&D budget or not. When the firms have R&D budget, which is coded yes,
otherwise is coded no. 14 firms did not answer that question. Next, hypotheses are constructed to reveal
whether there is a relationship between existence of R&D budget of firms and awareness of Industry 4.0’s
terms. The hypotheses constructed are as follows:

H9: There is an association between the existence of R&D budget of firms and awareness of
“Industry 4.0”.

H10: There is an association between the existence of R&D budget of firms and awareness of “Made
in China 2025”.

H11: There is an association between the existence of R&D budget of firms and awareness of “Big
Data”.

H12: There is an association between the existence of R&D budget of firms and awareness of
“Society 5.0”.

H13: There is an association between the existence of R&D budget of firms and awareness of
“Advanced Manufacturing Partnership”.

H14: There is an association between the existence of R&D budget of firms and awareness of
“Internet of Things”.

H15: There is an association between the existence of R&D budget of firms and awareness of
“Factory Layout”.

H16: There is an association between the existence of R&D budget of firms and awareness of
“Cyber-Physical Systems”.

4.4. Descriptive Analysis

Table 1 gives information about the gender and age distribution of the sample. Male respondents are
approximately four times more than women.

Table 1. Gender and Age Distribution of the Sample

Age
Total
26-34 35-44 45-54 55 and more
Female 3 4 1 0 8
Gender
Male 15 8 5 2 30
Total 18 12 6 2 38

Work experience and career of the respondents are shown in the Table 2. From the information
provided under the Table, it is seen that most of the respondents’ career is engineer or manager.
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Table 2. Work Experience and Career Distribution of the Sample

Career
Market Res
N/A Engineer Manager | earch Speci Total
alist

0-4 0 8 0 1 9
5-9 0 6 4 0 10

10-14 0 4 3 0 7

Work Experience 15-19 1 2 2 0 5
20-24 1 3 0 0 4

25 and 1 0 2 0 3

more
Total 3 23 11 1 38

In the survey, firm size is divided into four categories. These categorizations are formed based on
Kosgeb website (Kosgeb, 2018). The sample size is 38 and 20 of them (52,63%) are large firms, 1 of them
(2,63%) is micro SME, 7 of them (18,42%) are small-scaled SMEs, and lastly, 10 of them (26,32%) are
medium scaled SMEs. Firm size is categorized into two parts in order to reach more achieve an effective
respondent distribution. After categories are decreased from 4 to 2, there are 20 large firms and 18 SMEs.

Table 3 gives information about firm categorization and Research and Development (R&D) budget
of firms. 14 of firms (36,84%) intentionally leave the question blank, which is coded as N/A, 8 of firms
(21,05%) have no R&D budget, remaining firms have an R&D budget.

Table 3. Firm Categorization and R&D Budget of Firm

R&D Budget
15.000- 100.001- |1 Million and
N/A 0TL | 100.000 TL | 999.999 TL more Total
Firm Categori- SME’s 4 7 4 2 1 18
zation Large Firms 10 1 0 2 7 20
Total 14 8 4 4 8 38

In the survey, each firm wrote its sector as text, after that, sectors of companies were categorized
based on “Kamuyu Aydinlatma Platformu” (KAP) sector categorization information (KAP, 2018). The
sector of firms based on the firm size can be seen in Table 4.

Table 4. Sector of Firms based on Firm Categorization

Sector of Firm Total
Metal goo
ds, machin
Sales a |e and equi Electricity| Whosaler|
Manufacturiind Mar|pment pro| Transport|, gas and |, retailer Financial i
ng keting | duction ation water trade |Mine|nstitutions
Firm | SME’s 10 3 1 2 1 0 1 0 18
Cate- yorge | 13 1 2 0 2 1 0 1 20
goriza L.
. irms
-tion
Total 23 4 3 2 3 1 1 1 38

Moreover, survey contains question to learn which Industry 4.0 terms are known by the firms. Each
firm select one or more terms that they are aware. Figure 1 shows which terms mostly known by firms. To
sum up, Industry 4.0, internet of things, big data and factory layout terms are the most known terms by firms.
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Figure 1. Industry 4.0 terms are known by the Firms
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Furthermore, there is a question in the survey to learn firms are in which stage of Industry 4.0
application. Table 5 shows how many SME’s and large firms are in the evaluation, planning or application
phases.

Table 5. Industry 4.0 Stage of Firms

Industry 4.0 Stage
No Evalua- . . Pilot Limited [COMPehen-
tion/Appli-|Evaluation| Planning c L. . .. |sive Appli- | Total
. Application |Application .
cation cation
SME’s 9 6 2 0 1 0 18
Firm Cate-
gorization | Large 3 9 2 3 1 2 20
Firms
Total 12 15 4 0 2 2 38

New technology application always is a difficult period for companies. Firms face challenges during
technology application stage and aim of fifteen question in the survey to get information from firms about
what kind of challenges firms should deal with during Industry 4.0 application phases. Figure 2 gives
information us about main challenges. According to answers, standardization data, method, and workflow
and acquiring new skills are the most important challenges, which companies can deal with during Industry
4.0 application.
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Figure 2. Main Challenges of the Industry 4.0
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In addition, following question ask firms their expectations about the benefits of various IT
integration when to apply Industry 4.0 in companies. Firms can pick more than one answers but they can
choose maximum 2 answers because prevention randomly chose. Figure 3 shows benefits of different
information technology integration. Therefore, it can be concluded that cost saving, and agility and faster
response are benefits demanded more by firms.

Figure 3. Benefits of Various IT Integration

Efficiently SEffectively Used
L of Production Line

Improved
[ Departments&\alue Chain
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W Cost Saving

4.5. Hypotheses Testing and Results

In this section, sixteen different hypotheses are analyzed, and the results reveal the relations between
two categorical variables due to using Chi-square method.

Firm size and awareness of the Industry 4.0 term is as shown in Table 6. 3 SME’s and 2 large firms
do not know the Industry 4.0, 15 SME’s and 18 large firms know the term.
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Table 6. Firm Size and Awareness of Industry 4.0 Term

Industry 4.0
No 'Yes Total
Firm [Small-Medium Count 3 15 18
Size |[Enterprises Expected Count 2,4 15,6 18,0
Large Firms Count 2 18 20
Expected Count 2,6 17,4 20,0
Total Count 5 33 38
Expected Count 5,0 33,0 38,0

In line with this information, the following hypotheses have been developed;
HO: There is no association between the firm size and awareness of “Industry 4.0”.

H1: There is an association between the firm size and awareness of “Industry 4.0”.

Table 7. Chi-Square Test Results of Industry 4.0 Term and Firm Size

Asymptotic Sig
nificance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided) (1-sided)
Pearson Chi-Square .368a 1 .544
Continuity Correctionb  |.016 1 .899
LLikelihood Ratio .369 1 .543
Fisher's Exact Test .653 .448
Linear-by-Linear Associat|.359 1 .549
ion
IN of Valid Cases 38
a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 2.37.
b. Computed only for a 2x2 table

Table 8. Symmetric Measures of Industry 4.0 and Firm Size

Approximate
Value Significance
Nominal by Nominal |Phi .098 .544
Cramer's V. [.098 .544
N of Valid Cases 38

From chi-square test, data do not meet the chi-square assumption of all expected frequency, 2 cells
have expected less than 5, that are “no” part of the SME’s and large firms are shown in Table 7. However,
Fisher’s Exact Test is an alternative to chi-square when data do not meet assumptions of expected frequency
(Fisher, 1925). ¥2(1, N=38) =.653 (Table 7), p>0.05, ®=0.098 (Table 8), p>0.05. So that, the exact
significance (2-sided) value is 0.653 which is bigger than 0.05. Therefore, the HO hypothesis is not rejected
and there is no association between the firm size and awareness of Industry 4.0.

Table 9. Firm Size and Awareness of Industry 4.0 Terms Hypotheses Evaluation

Firm Size and Awareness of Terms H, Chi-Value Phi Value
Industry 4.0 Not Rejected 0.653 0.098
Made in China 2025 Not Rejected 1.000 -0.018
Big Data Rejected 0.000 0.579
Society 5.0 Rejected 0.045 0.361
Advanced Manufacturing Partnership Not Rejected 0.428 0.129
Internet of Things Rejected 0.010 0.420
Factory Layout Not Rejected 0.552 0.096
CPS Not Rejected 0.130 0.281
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The other hypotheses are tested by chi-square method and rejected and not rejected hypotheses are
available in Table 9. As a result, there is not a relation between firm size and awareness of Industry 4.0,
made in China 2025, advanced manufacturing partnership and factory layout terms. Whereas, there is a
relationship between firm size and big data, society 5.0 and internet of things. Large firms are more aware of
those these terms than SMEs.

In addition, other chi-square tests are conducted to test relationship between existence of R&D
budget of firms and awareness of Industry 4.0 terms. Table 10 shows that firms which have and have not
R&D budget and show awareness of Industry 4.0 terms. Based on the results, 14 firms have R&D budget and
know Industry 4.0 term, on the other hand 5 firms have not R&D budget and know Industry 4.0 term. To
learn whether there is any relation between existence of R&D budget and awareness of Industry 4.0 term,
chi-square test is conducted and the results are shown in the Table 11 and Table 12.

Table 10. Existence of R&D Budget and Awareness of Industry 4.0 Term

Industry 4.0
INo Yes Total
Is there any|Yes Count 2 14 16
R&D Expected Count [3.3 12.7 16.0
Budget? No Count 3 S 8
Expected Count |1.7 6.3 8.0
Total Count 5 19 24
Expected Count |5.0 19.0 24.0

In line with this information, the following hypotheses have been developed;

HO: There is no association between the existence of R&D budget of firms and awareness of
“Industry 4.0”.

H9: There is an association between the existence of R&D budget of firms and awareness of
“Industry 4.0”.

Table 11. Chi-Square Test Results of Industry 4.0 Term and Existence of R&D Budget

Asymptotic Sign[Exact Sig. (2-sidExact Sig. (1-sid
'Value df ificance (2-sided)led) ed)
Pearson Chi-Square 2.021a 1 155
Continuity Correction .789 1 374
Likelihood Ratio 1.922 1 .166
Fisher's Exact Test .289 .186
Linear-by-Linear Associatio|l.937 1 .164
n
N of Valid Cases 24
a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 1.67.
b. Computed only for a 2x2 table

Table 12. Symmetric Measures of Industry 4.0 and Existence of R&D Budget

IApproximate Sig|
\Value nificance
Nominal by Nominal [Phi -.290 155
Cramer'sV (290 155
IN of Valid Cases 24

From chi-square test, data do not meet the chi-square assumption of all expected frequency, 2 cells
have expected less than 5, that are “no” part of the SME’s and large firms are shown in Table 11. However,
Fisher’s Exact Test is an alternative to chi-square when data do not meet assumptions of expected frequency
(Fisher, 1925). y2(1, N=24) =.289 (Table 11) , p>0.05, ®=-0.290 (Table 12), p>0.05. So that, the exact
significance (2-sided) value is 0.289 which is bigger than 0.05. Therefore, the HO hypothesis is not rejected
and there is no association between the existence of R&D budget of firms and awareness of “Industry 4.0”.
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Table 13. Existence of R&D Budget of Firms and Awareness of Industry 4.0 Terms Hypotheses Evaluation

Existence @ R&D  Budget and | H, Chi-Value Phi Value
Awareness of Terms

Industry 4.0 Not Rejected 0.289 -0.290
Made in China 2025 Not Rejected 1.000 0.107

Big Data Rejected 0.027 -0.530
Society 5.0 Not Rejected 0.526 -0.267
Advanced Manufacturing Partnership Not Rejected 0.352 -0.259
Internet of Things Rejected 0.032 -0.478
Factory Layout Not Rejected 0.390 -0.237
CPS Not Rejected 0.526 -0.267

The other hypotheses are tested by chi-square method and rejected and not rejected hypotheses are
available in Table 13. As a result, there is not a relation between existence R&D budget and awareness of
Industry 4.0, made in China 2025, society 5.0, advanced manufacturing partnership, factory layout and
cyber-physical system terms. Whereas, there is a relationship between existence R&D budget and big data,
and internet of things.

5. CONCLUSION

The Fourth industrial revolution officially began in 2011 at the Hannover Fair. Internet technologies
and digitalization are the primary power behind the Industry 4.0. This revolution has not only caused
changes in production systems but also the markets, competition dynamism and jobs duties has affected from
it.

Production systems have a new perspective with this revolution. More flexible, autonomous, smart
and robotics production in factories has become possible and almost all production has been made by robots.
Moreover, the autonomous system and robots can control, manage and change the production systems when
necessary and make decisions with using the data without receiving any orders from managers. Additionally,
they can learn new things from the environment and gain new abilities. In addition, factories can be
controlled by managers remotely.Quickly changed production process and the smart connection have
induced the unique and completely individualized production.

Consequently, massive changes will wait for the firms, employees and whole society that explains
the motivation of this study. In this article, information is collected from firms to locate in Izmir and Manisa
cities in order to evaluate the awareness of them about Industry 4.0’s terms. According to the analysis,
Industry 4.0 term (23,36%) is the most known term by the firms. Internet of things (17,52%), factory layout
(16,06%), and big data (16,06%) are the others mostly known terms by firms.

Moreover, one of the non-parametric method, chi-square is used to find out whether there is a
relationship between firm size and awareness of Industry 4.0’s terms. Based on the results, it is concluded
that large firms are more aware of the big data, society 5.0 and internet of things terms when compare to
SME’s. Furthermore, another chi-square analysis is made to learn whether there is a relationship between
existence of R&D budget of firms and awareness of Industry 4.0’s terms. Result of the analysis show that
when the firms have R&D budget, they are more aware of the big data and internet of things terms than
others.

On the other hand, this study has some limitations, which create opportunities for future research.
The most important limitation of this research is the sampling method that is used. Convenience and
snowball sampling are non-probabilistic sampling technique which results in a generalizability issue of the
findings. Moreover, data are collected from in izmir and Manisa cities of Turkey. So that, new researchers
can use different sampling method and reach firms operated to different geographic areas, extending the
sample size to test awareness of the firms about Industry 4.0. The third limitation relates to the sector of
firms. In this study, data is collected from various sectors, so there is not to draw a pattern between sectors
and awareness of the terms. Thus, future studies can focus on a specific sector/s and collect data about
expectations, opinions, challenges of firms that when decide to apply the Industry 4.0.
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Appendix: Survey Questionnaire

Sayin Katilimet,

iéL'ET'ME FAKULTESI

J] FACULTY of BUSINESS

1992
Endiistri 4.0’ farkindalik analizi amaciyla yapilan bu ankete katilmaniz, arastirmada dogru bilgiler elde etme
bakimindan son derece Onemlidir. Elde edilecek bilgiler, GIZLI tutulacak olup; sadece bilimsel amaclarla
kullanilacaktir. Talep etmeniz durumunda hazirlanacak makale sizlere de gonderilecektir. Isbirliginiz ve
katkilariniz igin tesekkiir eder, saygilar sunariz.
1. Cinsiyetiniz: () Kadmn () Erkek
Yaginiz: () 18-25 () 26-34 ()35-44 ()45-54 () 55 ve tizeri
Egitim durumunuz: ( ) Ilkégretim () Lise () Universite () Yiiksek Lisans () Doktora
Mesleginiz:
Is deneyiminiz: () 0-4 yil () 5-9yil () 10-14yil () 15-19yil ()20-24 yil () 25 yil ve iizeri
. Mezun oldugunuz fakiilte hangisidir?
() Iktisadi ve Idari Bilimler Fakiiltesi () Edebiyat Fakiiltesi () Iletisim Fakiiltesi
() Miihendislik Mimarlik Fakiiltesi () Acgikdgretim Fakiiltesi  ( )Diger:
() Giizel Sanatlar Fakiiltesi () Hukuk Fakiiltesi
7. Sirketin Caligsan Sayist: () 0-9 () 10-49 () 50-249 () 250 ve istii
8. Firmanizin Ar-Ge biitgesini belirtiniz:
9. Firmaniz hangi sektor ve alanda faaliyet gostermektedir?
10. Firmaniz kag yildir faaliyet géstermektedir?
11. Asagidaki kavramlardan hangilerini duydunuz? Duymus oldugunuz kavramlari liitfen isaretleyiniz.
() Endiistri 4.0-Industry 4.0-Industrie 4.0 () Advanced Manufacturing Partnership- Ileri Uretim Ortaklig1

CIISIENINIES

() Made in China 2025 () Internet of Things, Nesnelerin Interneti

() Big Data- Biiyiik Veri () Factory Layout -is Yeri Diizenlenmesi () Higbiri

() Society 5.0-Toplum 5.0 () Cyber-Physical Production Systems-Siber-Fiziksel Uretim
Sistemleri

12. Endiistri 4.0 terimini nereden duydunuz ?

() Is yeri disinda duzenlenen seminer/ konferans

() Is yerinde diizenlenen egitim/bilgilendirme toplantilari/seminer/konferans

() Televizyon () Sosyal medya () Gazete/Dergi () Diger (belirtiniz)

13. Sirketiniz endiistri 4.0 uygulamasinda hangi agamadadir?

() Herhangi bir degerlendirme ve uygulama yok (bu segenegi isaretleyenler i¢in anketimiz sonlanmustir,

tesekkiirler.)

() Degerlendirme () Sinirli uygulama

() Planlama () Kapsamli uygulama
() Pilot uygulama () Diger (belirtiniz)

14. Asagidaki uygulamalardan hangisi, sirketinizde planlanan veya uygulanan Endiistri 4.0 girisimlerini
tanimliyor ve/veya hangileri Endiistri 4.0’in entegrasyonu i¢in uygundur? (Birden ¢ok segenek
isaretleyebilirsiniz.)

() Uretim ag1 ici islemlerin izlenmesi ve optimizasyonu () Uriin testleri ve kalite giivencesi
() Makine ve tesisin uzaktan izlenmesi () Envanterin planlanmasi
() Kurum i¢i makine ve sistemlere bakim, temizleme, tadilat () Uretim akislarmin simiilasyonu

() Siparis hazirlig1 sonrasinda iriinlerin iiretim modiillerinin diizenlenmesi () Higbiri

15. Endiistri 4.0’1 ger¢ek hayatta kullanmaya basladiginizda sizin bakis aginiza gore karsilasmayi beklediginiz
zorluklar nelerdir ve/veya endiistri 4.0 nedeniyle var olabilecek miihendislik sorunlart ne olabilir? (En fazla 3
sik isaretleyiniz.)

()Tiim departmanlar i¢in standart bir veri tabaninin gelistirilmesi

() Gerekli yeni beceri ve yeterliliklerin kazanilmasi

() Artan veri hacimlerinin, ¢esitliliginin ve karmagikliginin kontrol altina alinmasi

() Veri, yontem ve is akiglarinin standardize edilmesinin gerekliligi

() Sirket ici departmanlar arasinda daha yakin igbirliginin gerekliligi

() Diger(belirtiniz)

16. Kurumunuzda gesitli bilgi sistemlerinin (IT) entegrasyonundan hangi faydalar1 bekliyorsunuz? (En fazla 2 sik
isaretleyiniz.)

() Gelistirilmis iretim kullanimi ( iiretim hattinin daha etkin ve verimli kullanimi)

() Boliimler aras1 ve/veya deger yaratmadaki isbirliginin daha iyi olmas1 () Maliyet tasarrufu

() Daha yiiksek ¢eviklik / yeni gereksinimlere daha hizli tepki verilebilmesi () Diger

17. Biiyliyen veri (big data) ile tiim verilere tam zamaninda ve dogru sekilde ulasim artacak ancak bu beraberinde
giivenlik sorunlart getirecek. (Bilgilerin bulut (cloud) programlar iizerinden paylasilmasi ve bu bilgilere daha
kolay ulasim nedeniyle bilgi hirsizligi gibi) Bilgi ve veri giivenligini saglayabilmek igin
kullandiginiz/kullanmayi planladiginiz programlar var mi? () Evet () Hayr

(Tablonun devami sonraki sayfada)
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18. Gegen yillarda sirketinizde ¢alisanlardan kaynaklanmayan ne tiir bir giivenlik ( bilgi giivenligi, siber saldir
vb.) oldu? (Gerekirse 2 taneye kadar segim yapabilirsiniz.)

() Uretim manipiilasyonu () Kisisel yaralanma (iscilerin yaralanmast)
() Uretim durusu () Hig bir sey olmadi
() Fikri miilkiyetin calinmast () Diger:

() Kurumsal kaynak yazilim vb. ile ilgili problemler

19. Sirketinizde Endiistri 4.0 i¢in ayrilmis bir biitge var mi? () Evet () Hayir

20. Oniimiizdeki yilda Endiistri 4.0 planlar1 ve/veya uygulamalari igin bir biitge olacak mi? )
Evet () Hayir

21. Kosgeb’in endiistri 4.0 i¢in hibe/destek plani sayesinde yatirimlarinizi arttirmayt planliyor musunuz? ( )Evet
()Hayir

22. Sizi bu ve bunun gibi destekler tesvik ediyor mu? () Evet () Hayir

23. Endiistri 4.0'1 hayata gegirmenin {i¢ ana zorlugu nedir?

24. Endiistri 4.0’1n katma deger lretebilecegi isletme alan ve/veya alanlarinizi tanimlayiniz.

25. Endiistri 4.0 sayesinde iiriinlere, iiretim hattina, sistemlere ve belgelere dijital erisilebilirlik ve ayn1 zamanda
iiriin, iiretim hatti, sistem ve belgeler arasinda es zamanli olarak bilgi akis1 ve degisimi olacaktir. Bu sistem
hayata gectiginde iiretim boliimii olarak en ¢ok hangi problemlerden kurtulmus olacaksiniz?

26. Endiistri 4.0 sayesinde montaj hattina mobil cihazlar ile 3-boyutlu olarak ulasim saglanabilecektir. (akilli
gozliikler, arttirllmig gerceklikler vb.) Bu size ne gibi avantajlar saglar?

27. Hangi tiir yenilik, robot ya da otomasyon sizin islerinizi hizlandirir ve kolaylastirirdi? Endiistri 4.0’
getirdigi teknolojik yenilikleri diisiindiigliniizde hangi teknolojilerin igsletmenizde kullanilmasini isterdiniz?
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