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The aim of this study is to reveal the factors affecting Industry 4.0 tech-
nology acceptance within the framework of a newly proposed Technology
Acceptance Model (TAM) of medium and large-scale firms in Manisa and
Izmir Organized Industrial Zones, which are important industrial centres in
Turkey. Within the scope of the study, managers of 204 firms operating in
Manisa and Izmir Organized Industrial Zones have been interviewed and the
data obtained has been analysed by Structural Equation Modelling (SEM)
within the scope of TAM. According to the findings, it has been found that
perceived usability, perceived ease of use, perceived self-efficacy and financ-
ing factors affect attitude towards Industry 4.0 use. In addition, it has been
concluded that the attitude towards the use of Industry 4.0 also affects the
Industry 4.0 usage intention and the Industry 4.0 usage intention affects the
usage behavior.

keywords: Industry 4.0, Digitalization, Technology Acceptance Model, Struc-
tural Equation Model.

1 Introduction

Industry 4.0 is a new concept that emerged by combining industrial technologies and
information technologies. It was initially introduced at a fair held in Hannover, Germany
in 2011. Regarding production technologies, it is observed that mostly highly advanced
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technologies are currently used in different business processes and various R&D stud-
ies are carried out to develop new technologies. Industry 4.0 creates a paradigm shift
by enabling new advanced technologies to be integrated with each other and work au-
tonomously. Various definitions of Industry 4.0 have been made in the literature. Colli
et al. (2018), Mrugalska and Wyrwicka (2017), Kiraz et al. (2019), TÜSİAD (2016)
define Industry 4.0 as a process of creating value chain that combines sophisticated sys-
tems. These systems include the internet of things, big data, cloud computing, artificial
intelligence, cyber-physical systems, sensors, additive manufacturing and robotics at the
digital platform, extending from raw materials to the final product. Describing Industry
4.0 as an industrial paradigm shift, Lichtblau et al. (2015) and Barreto et al. (2017),
emphasize its objective of optimizing customer benefits through intelligent managerial
processes and the integration of innovative manufacturing and information technologies,
leading to a significant transformation in production methods Tjahjono et al. (2017).
According to Tjahjono et al. (2017), the smart factory is the ultimate goal of an en-
terprise at the end of Industry 4.0 transformation. The smart factory enables different
platforms such as advanced robotics, artificial intelligence, high technology sensors, cloud
computing, internet of things, data collection, additive manufacturing, software service,
mobile applications which can directly use motor vehicles to work mutually. Barreto
et al. (2017), describe Industry 4.0 as an industrial paradigm shift, which helps to de-
velop smart product networks in the value chain using smarter managerial processes and
to maximize customer satisfaction by offering innovative products and services.
Industry 4.0 is an inclusive notion that combines many components. The compo-

nents of Industry 4.0 are connected to each other with the internet. The data generated
through this connection are used for decision making purposes and autonomous im-
plementation by all devices, machines, and computers that participate in the process.
This framework creates a digital value chain from raw material to the end of the life
cycle of the final product. These developments and integrations create a new genera-
tion of production fields known as smart factories, which operate with minimal human
intervention. The smart factory maximizes safety in a dangerous working environment,
if any, and makes the factory manufacturing process more stable, agile, and instantly
customizable by eliminating all human-included factors (manufacturing defect, motion
instability, etc.).
The development of Industry 4.0 includes the change of business culture beyond the

technological changes that occur in a factory. Taken together, it seems more appropriate
to allow this formation to be updated with holistic cultural and organizational devel-
opments. Considering previous industrial revolutions will make it easier to understand
the development of Industry 4.0. Three industrial revolutions took place prior to the
entry of Industry 4.0 concept into the literature (see Figure 1). All these revolutions
embody creative destruction with significant socio-economic consequences. With the
introduction of steam power to machines in 1784, a transition from muscle power to
steam power took place, leading to increased capital and resulting in the emergence of
concepts such as factories and urbanization. The second industrial revolution covers
the period of early 20th century, when electrical energy was used, mass production was
made on the assembly line, and the division of labour arose (Kagermann et al., 2013).
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The invention of internal combustion engines in 1870, improvements in the field of com-
munication, and the use of electricity in manufacturing ended the era of steam power.
Basic digital products, which indicated the transition to the information age, emerged
in 1969, and automation technologies were integrated into production systems (Odası,
2018; Zhou et al., 2015). New developments in communication technologies, on the other
hand, have brought automation technology to a more advanced stage and the concept
of Industry 4.0 has emerged.

Figure 1: From Industry 1.0 to Industry 4.0

The convergence of Industry 4.0 and digitalization has triggered significant transfor-
mations within the context of the 3rd Industrial Revolution. The framework of Industry
4.0 comprises a set of integral components, encompassing Big Data Analytics, Cloud
Computing, the Internet of Things (IoT), Autonomous Robots, Simulation, Augmented
Reality, Additive Manufacturing, and Cybersecurity.
One of the most important differences of Industry 4.0 is to fully integrate new technolo-

gies and the technologies of the 3rd Industrial Revolution on a digital platform. There are
great differences between the enterprises that use all these technologies separately and
the enterprises that use them all connected to each other on a digital platform in terms of
the operating process, products, competitiveness, costs, innovation skills, sustainability
and working conditions. Turkey has seen the emergence of numerous studies aimed at
advancing Industry 4.0. For example, the Supreme Council of Science and Technology
conducted a comprehensive survey involving 1000 private sector organizations to iden-
tify key and leading technologies, assess the current status, and pinpoint deficiencies and
competencies relevant to smart production systems. Furthermore, a roadmap study has
been conducted led by Turkey Ministry of Science, Industry and Technology with the
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contribution of public and private sector shareholders for planning and implementing
the digital transformation process effectively (Bilim and Bakanlığı, 2018). The study’s
outcomes identified human resources, technology, infrastructure, suppliers, users, and
governance as the key components of the Industry 4.0 roadmap. These comprehensive
studies, aimed at planning the Industry 4.0 transformation, have yielded results that
span across Turkey. However, making more customized analyses and evaluations is crit-
ical in the Industry 4.0 transformation process, where many companies are exposed to
more intense competition and have to adapt quickly to changing conditions (Felch et al.,
2019).

Distinguishing itself from prior research, this study introduces a novel TAM to reveal
the factors affecting the acceptance of Industry 4.0 by medium and large firms oper-
ating in Manisa and Izmir Organized Industrial Zones, which are important industrial
centres in Turkey. Although some firms may currently be using Industry 4.0 compo-
nents partially or completely, they cannot reap the benefits that Industry 4.0 promises
if these components are not integrated in the digital plane. This study will serve as a
comprehensive guide for firms aiming to adopt Industry 4.0 practices. It aims to not
only investigate the cause-and-effect relationships between the influencing factors but
also to analyze the current situation and identify deficiencies on a regional basis. By
doing so, the study seeks to ensure that companies effectively manage the Industry 4.0
transformation process.

2 Theoretical Background

When the literature related to Industry 4.0 is examined, the studies gathered on the
conceptual and descriptive (Akın, 2017; Atalay Davutoğlu, 2017; Barreto et al., 2017;
Benešová and Tupa, 2017; Carvalho et al., 2018; Crnjac et al., 2017; Düzkaya, 2016; Iyer,
2018; Paravizo et al., 2018; Pereira et al., 2017; Vaidya et al., 2018; Yıldız, 2018; Zhong
et al., 2017), maturity measurement which aims to help companies plan the transforma-
tion process (Duffy, 2001; Backlund et al., 2014; De Carolis et al., 2017; Lichtblau et al.,
2015; Mettler, 2011; Nikkhou et al., 2016; Proença and Borbinha, 2016; Schumacher
et al., 2016; Tarhan et al., 2016) and empirical studies based on readiness measurement.
Empirical studies about technology acceptance, which are also subject of this analyze
the components of Industry 4.0 individually, there is no study that investigates Industry
4.0 holistically (Winberg and Ahrén, 2018). The section about the mentioned studies is
presented below.

Bulut and Akçacı (2017) discussed Industry 4.0 with its components and evaluated
Turkish economy in terms of Industry 4.0. According to Bulut and Akçacı, although
the technology level seems high, it is not sufficient for Industry 4.0 transformation. Use
of digital platforms and R&D are not at an adequate level. These shortcomings affect
Industry 4.0 transformation directly. The rapid construction of internet infrastructure
in Turkey is a positive factor in terms of Industry 4.0 conversion. Nuroğlu and Nuroğlu
(2018) have compared conversion roadmaps and factories of Germany and Turkey. Ac-
cording to the results of the comparison, it has been revealed that Turkish companies
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focused on cost factor when compared with the other factors while German companies
faced the problem that the stuff refusal to accept conversion, data, internal coordination
problems and the existing firm structure making conversion difficult. Lichtblau et al.
(2015) investigates the companies’ readiness for Industry 4.0, their demands, and their
capacity to implement the innovations that come with Industry 4.0. Companies’ readi-
ness levels are scored between 0-5. Also, based on this research, an online platform
has been created where companies can evaluate themselves. According to results, it
has been determined that generally data focused services have a lowest readiness score
among the others, large-scale companies are ahead in all dimensions compared to small
and medium-sized companies, and among the companies operating in Germany, mechan-
ical engineering companies are more advanced in the field of Industry 4.0 compared to
other companies. In addition, it has been determined that basing the transformation on
the strategy, low investment amounts in transformation, collecting process data, using
autonomous systems, using cloud system, collecting final product data, employees not
having competence are the factors that affect the transformation.
TÜSİAD, SAMSUNG Electronics Türkiye Deloitte Türkiye, GfK (2016) study aims

to reveal process of perceptions, focuses and changing management about digital change
of senior executive of 58 companies that operating different sectors. Research shows that
there is a significant correlation between digital maturity and digital strategy. Partici-
pants state that a clear and understandable strategy is the key to digital change. The
motivation of digitalization as for has been determined as increasing productivity and
responding quickly to customer demands. Nazlıcan and Meçik (2018) assessed Turkey’s
current conditions in terms of Industry 4.0 and researched the situations that labor mar-
ket will face in this process. According to the findings obtained from interviews with
executives, it has been determined human-oriented problems’ such as that the problem
of digital conversion is human based, incompatibility of labor qualifications with Indus-
try 4.0 and absence of regulations of make conversion easy come forefront. Eğilmez
and Gözde (2018) has analyzed possible difficulties that Turkish production sector may
face, investigating the Industry 4.0 conversion from different perspectives. For the re-
search the questionnaire was applied to 150 people who were manager in the Industry 4.0
field, the main difficulties and sub-difficulties were determined using Explanatory Factor
Analysis and analyzed with the Analytical Hierarchy Process. It has been determined
with factor analysis that technological, organizational, legal and ethical, and strategic
difficulties are main challenges in the conversion of Industry 4.0.

Prause (2019) has researched the difficulties that may be encountered in the adoption
process of Industry 4.0 technology using the Technology Adoption Model. In the analysis
that performed linear regression model, while ‘technology adoption intention’ is used
as dependent variable, as explanatory variables ‘perceived complexity, compatibility,
relative advantage, cost/benefit ratio, market uncertainty, diversity in the industry area,
senior management support, satisfaction with the current system, decentralized decision
system, market transparency, high security concern’ were used. It was determined that
market uncertainty in short-medium and long term, relative advantage in short term
and executives’ support affect positively the Industry 4.0 adoption intention. Agostini
and Nosella (2019) has researched whether the investment made in advanced production
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technologies and social capital influences the adoption of Industry 4.0. Findings showed
that SMEs which have stronger domestic and external social capital, have investments
to advanced production technologies are more likely to adopt Industry 4.0. Ünlü and
Atik (2019) measure the relative performance of the countries in transition towards
Industry 4.0 by using industry level indicators such as big data, CCS and CPS. In this
study, industry 4.0 performance index for Turkey and European countries is developed.
According to the findings from this study, Denmark has the highest performance among
the European countries, Romania has the lowest performance. Turkey is, also, 31st in
the ranking of European countries. Raj et al. (2020) has investigated obstacles in front
of the Industry 4.0 application using Decision making trial and evaluation laboratory
(DEMATEL) method. According to results it has been determined that absence of
strategy is a quite important obstacle, on the other hand technological infrastructure
investments and regulations can make the conversion easy. Masood and Sonntag (2020)
analyzed the effect of SMEs qualifications on the Industry 4.0 application intention using
Technology Acceptance Model. Perceived benefit and perceived difficulty were used
instead of perceived usefulness and perceived ease of use that use in the classical TAM.
According to results of analysis which includes 270 observations, have been determined
that the external factors which firm size and the attitude towards Industry 4.0, the
perceived benefit of the application and the complexity of the production affect positively
the difficulty of the application. Ronaghi and Forouharfar (2020) study investigates the
acceptance of internet of things. In the study that investigates technology acceptance
for increase crop quality and yield, it was determined that expectation of effort, social
effect, individual factors and facilitator factors affect positive intention to use of internet
of things.

3 Methodology

The new TAM proposed within the scope of this study has been tested with the help
of Structural Equation Modelling (SEM) and the factors affecting the acceptance of
technology for Industry 4.0 have been investigated.

Structural Equation Models (SEM) are a multivariate statistical method that handles
observed and latent variables together. SEM assumes that latent variables can be mea-
sured through observed variables and takes into account measurement errors in describ-
ing the relationships between latent variables. At the same time, it enables the model
to be developed and tested by handling direct and indirect effects together (Raykov and
Marcoulides, 2012). he purpose in using SEM is to reveal the predicted cause and effect
relationships between latent variables. Research hypotheses are used to reveal these
cause-and-effect relationships. In other words, SEM assumes that there is a causality
structure among latent variables and that latent variables can be measured through ob-
served variables (Yilmaz and Çelik, 2009). Describing the relationships between latent
variables and taking into account measurement errors reveal the characteristic features
of SEM (Raykov and Marcoulides, 2012).

SEM consists of a combination of the structural model and the measurement model



278 Selim, Şen Doğan and Şen

(Bollen, 1989; Byrne, 2010; Kaplan, 2000; Sharma and Sharma, 1996). TThe structural
model includes structural equations that summarize the relationships between latent
variables. The structural model is as given in Equation 1:

η = βη + Γξ + ζ (1)

Here, m: is the number of internal latent variables, n: is the number of external latent
variables; η: is the internal latent variable vector with a dimension of mx1, β: is the
matrix of coefficients between internal latent variables with a dimension of mxm and
with zero main diagonal, Γ: is the matrix of coefficients between internal and external
latent variables with mxn dimension, ξ: is the external latent variable vector with nx1
dimension, ζ: is the vector of latent error terms with mx1 dimension. Assumptions
belonging to the structural model are: E(η) = 0, E(ξ) = 0, E(ζ) = 0, (1−β) non-singular
matrix, ξ and ζ’s are unrelated and V ar(ζi) are constant (Yilmaz and Çelik, 2009). A
visual example of the structural equation model, which consists of the combination of
the structural model and the measurement model, is given in Figure 2.

Figure 2: An Example of a General SEM

The measurement model, on the other hand, includes equations that define the re-
lationships between observed variables and the latent variables they depend on. The
measurement model is as given in Equation 2 and Equation 3.

y = λyη + ε (2)

x = λxη + δ (3)

Here, p: is the number of latent variables, q: is the number of observed variables,
y: is the vector of observed variables belonging to the internal latent variables with a
dimension of px1, λy is the coefficient matrix of the observed variables (factor loadings
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or structural coefficients matrix) of the internal latent variables, ε: is the error vector
of observed variables belonging to internal latent variables with px1 dimension, x: is
the observed variables vector belonging to external latent variable with qx1 dimension,
λx is the coefficient matrix of observed variables belonging to external latent variables
with qxn dimension (factor loadings or structural coefficients matrix), δ: is is the error
vector of observed variables belonging to external latent variables with a dimension of
qx1. Assumptions belonging to the measurement model are: E(η) = 0, E(ξ) = 0, E(ε) =
0, E(δ) = 0, ε and δ, ξ and η’s and δ and ε, ξ and η’s are unrelated (Zhong et al., 2017).
The first step of SEM is to test the measurement model and the next step is to test
the structural model. Within the scope of this study, Confirmatory Factor Analysis
(CFA) has been conducted to test the fit of the measurement model and the results
related to the fit, reliability and validity of the model have been presented. Causal
relationships between latent constructs (variables / factors / dimensions), on the other
hand, have been tested with SEM. As a result of SEM, model fit has been evaluated and
information has been given about the acceptance of the hypotheses. Hypotheses have
been determined with a view to revealing the Industry 4.0 acceptance. CFA and SEM
analyses have been performed using LISREL 10.10 software.

TAM is an information systems theory that models how users accept and use technol-
ogy. TAM consists of Perceived Usefulness (PU), Perceived Ease of Use (PEU), Attitude
(A), Intention to Use (IU) and Usage Behavior (UB). TAM argues that individuals’ inten-
tions towards behavior are determined by individuals’ attitudes, and perceived usefulness
and perceived ease of use directly affect attitude. In addition, it argues that intention
to use triggers actual usage behavior (Lin et al., 2007). Perceived Usefulness is defined
as a person’s degree of belief that s/he will increase his/her job performance by using
a particular system. A system with high perceived usefulness means a system in which
the user believes there is a positive use-performance relationship. Perceived Ease of Use
refers to the degree of beliefs about the increase in performance that will be achieved
when performing certain tasks and solving problems (Davis, 1989). Attitude refers to
the perspectives individuals personally adopt regarding another person, object, behavior
or policy (Ajzen and Fishbein, 1977). Intention to Use is the sum of the motivational
factors that affect human behavior. These motivational factors are indicators of how
much effort people are prepared to make to realize their behavior and how intense an
effort they will make in this respect. Usage Behavior, on the other hand, is the degree
of frequency and intensity of use of technological products (Ajzen, 1991). Basic TAM is
given in Figure 3.

4 Empirical Analysis

In addition to the meagre studies about industry 4.0 technology, there are no studies in
the relevant literature investigating the firms’ acceptance of Industry 4.0 technologies in
Turkey. With this study, the factors affecting the acceptance of Industry 4.0 technology
of medium and large-scale companies operating in Izmir and Manisa Organized Industrial
Zones, which are important industrial centres in Turkey will be addressed within the
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Figure 3: The Basic Technology Acceptance Model

framework of a newly proposed TAM, and thus a significant contribution will be made
to the literature.

4.1 Data Collection Tool

The questionnaire technique has been used for data collection in this study. The ques-
tionnaire consisted of demographic questions and TAM questions to determine Industry
4.0 acceptance. In this study, Perceived Self-Efficacy and Financing factors have been
also added to the new TAM, which has been proposed for the first time in this study, in
addition to its sub-dimensions of Perceived Usefulness, Perceived Ease of Use, Attitude,
Intention to Use and Usage Behaviour, as they have been thought to have an indirect or
direct effect on the use of Industry 4.0 technology. A 5-point Likert scale with the state-
ments 1: strongly disagree, 2: disagree 3: neither agree nor disagree, 4: agree 5: strongly
agree has been used to measure to what extent the firms participated in Industry 4.0.

4.2 Pilot Study

In this study, a pilot study has been carried out after the creation of the questionnaire
items to test under real conditions whether there have been statements in the ques-
tionnaire that have been incomprehensible or perceived to be similar and to reduce the
possibility of encountering problems in later stages. The Cronbach’s Alpha (α) ccoeffi-
cient, which is the reliability coefficient for all Likert-type expressions related to general
Industry 4.0 in the questionnaire, has been calculated as 0.888. After the pilot study,
the expressions that have been not understood or perceived similar in the questionnaire
have been removed from the questionnaire and the final questionnaire has been created.

4.3 The Population and Sample

The population of this study consists of all the medium-sized and large businesses operat-
ing in Izmir and Manisa Organized Industrial Zones. In this study, the provinces and the
scales of the firms have been considered as strata and 204 firms have been determined
with the stratified sampling method using proportional distribution technique. Firm
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managers have been interviewed in 70 out of 204 companies, and face-to-face surveys
have been conducted with the firm managers who agreed to participate in the survey.
Face to face surveys, which began in January 2020, continued from March 2020 onwards
in the form of telephone call surveys due to the emergence of the Covid-19 pandemic in
Turkey and in the world. A total of 204 firms were surveyed. Since 34 questionnaires
were detected as outliers, data from 170 firms have been used for the analysis.

4.4 A New Proposed Technology Acceptance Model

In this study, the dimensions forming the basic TAM model are Perceived Usefulness
(PU), Perceived Ease of Use (PEU), Attitude (A), Intention to Use (IU) and Usage
Behavior (UB). The model has been expanded by adding the dimensions of Financing
(F) and Perceived Self- Efficacy (PSE) to this basic model and a new model has been
proposed within the scope of this study.
In the proposed TAM model, as in the TAM, Perceived Usefulness (PU) and Perceived

Ease of Use (PEU) affect attitude (A) towards Intention to Use (IU). In addition, the
dimensions of Financing (F) and Perceived Self-Efficacy (PSE) are also thought to affect
the attitude (A) variable. The research hypotheses formed through the proposed model
have been tested and the cause-effect relationships between the dimensions have been
revealed. The TAM model developed and proposed within the scope of the study in a
micro scale in order to understand the acceptance of Industry 4.0 technology is presented
in Figure 4.

Figure 4: The Proposed Technology Acceptance Model

First, descriptive statistics have been obtained within the scope of the study. The
sectoral distribution of the firms and their strategies and investments regarding Industry
4.0 has been examined with the help of the descriptive statistics. In the subsequent stages
of the study, the measurement model has been tested with the help of Confirmatory
Factor Analysis (CFA) in order to evaluate the fit of the measurement model to the
proposed TAM, and the results regarding the fit, reliability and validity of the model
have been presented. Relationships between latent structures in the model have been
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examined with the help of SEM. As a result of SEM, the fit of the model and the following
hypotheses created within the scope of the research have been tested.

Hypotheses: H1: Perceived usefulness affects attitude towards Industry 4.0 use. H2:
Perceived ease of use affects attitude towards Industry 4.0 use. H3: Perceived self-
efficacy affects attitude towards -Industry 4.0 use. H4: Financing affects attitude towards
Industry 4.0 use. H5: Attitude towards the use of Industry 4.0 affects the intention to
use Industry 4.0. H6: Intention to use industry 4.0 affects Industry 4.0 usage behavior.

4.5 Descriptive Statistics

Information on the sectors which the firms participating (participate) in the study are
presented in Table 1.

Table 1: Sectors of the Firms

The firms’ predispositions towards Industry 4.0, the investments they had made in
Industry 4.0 in recent years and the investments they planned to make in the future
have been examined to reveal firms’ Industry 4.0 strategies, which is given in Table 2.
It is seen that 25% of the firms are in the strategy development stage, while 16% are
performing pilot applications and 20% are implementing a strategy. Another remarkable
result presented in Table 2 is that while 5% of the firms fully implemented their strategies,
35% of them did not have any strategy related to Industry 4.0.

The investments made by the firms in Industry 4.0 are given in Table 3 and the invest-
ments planned in the future are given in Table 4. As seen in Table 3, the firms surveyed
invest more heavily in R&D and Production. When firms are asked to evaluate the in-
vestments, they want to make in the future, it is revealed that companies plan to invest
more intensively compare to current investment levels in all areas (R&D, Production,
Purchasing, Logistics, Sales Services, IT) (see Table 4).
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Table 2: The Status of Firms Regarding Their Industry 4.0 Strategies

Table 3: The Status of the Firms Regarding the Amount of Industry 4.0 Investments
They Have Made in the Last Two Years

Table 4: The Amount of Investment the Firms Intend to Make in Industry 4.0 in the
Future
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4.6 Findings

When the data obtained in the study to test TAM have been examined, the variables
seemed to violate the multivariate normality assumption (Mardia Chi-square = 1375,
p < 0.001). Therefore, the model estimation has been analysed by Robust Maximum
Likelihood method. Within the scope of the analysis, firstly, the fit of the measurement
model, then the fit of the structural model and finally the results of the hypothesis test
have been evaluated.

4.6.1 Results Regarding the Measurement Model

With the Confirmatory Factor Analysis, it has been checked whether the observed vari-
ables in each factor have been included in the relevant factor with TAM. According to
the results of the CFA analysis for each factor, the items (observed variables) that did
not explain the relevant factor sufficiently (those whose standard factor loads have been
below 0.50) have been excluded from the model. The CFA results revealed that Per-
ceived Usefulness has been explained with 8 items, Perceived Ease of Use 4, Perceived
Self-Efficacy 4, Financing 2, Attitude 4, Intention to Use 6 and Usage Behavior with 3
items.

Validity of the Measurement Model

The fit of the measurement model has been tested with the RML method using LIS-
REL 10.10. With the help of the calculated fit criteria, it has been determined that the
model has been within acceptable limits. (χ2/sd = 790/413 = 1.91 < 3.00 (Hayduk,
1987), Normed Fit Index (NFI) = 0.94 > 0.9 (Bentler and Bonett, 1980), Non-Normed
Fit Index (NNFI) = 0.97 >0.95 (Ajzen and Fishbein, 1977)(joreskog1996lisrel), Com-
parative Fit Index (CFI) = 0.97 > 0.9 (Bagozzi and Yi, 1988), Root Mean Square Error
of Approximation (RMSEA) = 0.073 < 0.08 (Bagozzi and Yi, 1988), Standardized Root
Mean Square Residual (SRMR) = 0.067 < 0.10 (Schermelleh-Engel et al., 2003), Incre-
mental Fit Index (IFI) = 0.97 > 0.90 (Bentler and Bonett, 1980).

Factor loads for the measurement model are given in Table 5. When Table 5 is
examined, it is observed that all the factor loads are greater than 0.57 and statistically
significant.

Whether the structures that formed the model have been explained sufficiently by
the relevant items has been checked with convergent validity. Three conditions must be
fulfilled in order to confirm convergent validity. The first condition is that the standard-
ized factor loads of the observed variables belonging to latent variables should be greater
than 0.50 and statistically significant (Fornell and Larcker, 2018). Second, the Compos-
ite Reliability (CR) and Cronbach Alpha (CA) value for each structure/construct must
be greater than 0.70 (Hair et al., 1998). Third, the Average Variance Extracted (AVE)
value of each latent variable must be higher than 0.50 (Fornell and Larcker, 2018).

Correlations between CA, CR, AVE values and latent structures are given in Table
6. When the construct validity is checked according to Table 6, it is seen that the CR
values are greater than 0.71, the CA values are greater than 0.72 and the AVE values
are greater than 0.53. Convergent validity has been confirmed according to these values.
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Table 5: Factor Loads and t Values for the Measurement Model

Table 6: CA. CR. AVE and Correlation Values
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Discriminant validity should be checked to show that the resulting constructs measure
different phenomena. The discriminant validity of the measurement model is checked by
comparing the square root of the AVE value of each construct to the correlation between
that construct and other constructs. As a result of these comparisons, if the square root
values of AVE are greater, discriminant validity is accepted (Fornell and Larcker, 2018).
The discriminant validity values of the model discussed are given in Table 6. It has been
observed that discriminating validity has been confirmed according to Table 6.

4.6.2 Results Regarding the Structural Model

After the acceptance of the fit, reliability and validity of the measurement model, the
structural model has been tested using the RML method. It has been determined that
the calculated fit criteria have been within the acceptable limits and the validity of the
structural model has been confirmed (χ2/sd = 836/422 = 1.98 < 3.00, NFI = 0.94 >
0.9, NNFI = 0.97 >0.95, CFI = 0.97 > 0.9, RMSEA = 0.076 < 0.08, SRMR = 0.094 <
0.10, IFI = 0.97 > 0.90).

Path Coefficients and Hypothesis Testing
The path diagram for the model proposed according to the RML method is given in

Figure 5 together with the path coefficients. According to the results of the analysis, no
significant relationship has been found between the external latent variables of perceived
usefulness and perceived ease of use and the latent variable of Attitude. On the other
hand, a statistically significant relationship has been found between the external latent
variable of Perceived Self-Efficacy and the internal latent variable of Attitude. This value
means that a one-unit increase in Perceived Self-Efficacy will cause an increase of 0.28
units in Attitude. A positive, strong and statistically significant relationship has been
found between the external latent variable of financing and the internal latent variable
of Attitude. This value indicates that a one-unit increase in Financing will cause an
increase of 0.34 units in Attitude. On the other hand, a positive, significant and strong
relationship has been found between Attitude and Intention to Use. This value means
that a one-unit increase in Attitude will cause an increase of 0.92 units in Intention to
Use. It is seen that there is a positive and statistically significant relationship between
Intention to Use and the latent variable of Usage Behavior. A one-unit increase in
Intention to Use causes an increase of 0.52 in Usage Behavior.
Results related to the hypotheses for the model are given in Table 7. According to

the table, all the hypotheses except H1 hypothesis have been statistically supported.

5 Conclusion

This study aimed to measure the attitudes of businesses operating in Manisa and İzmir
Organized Industrial Zones towards the acceptance of Industry 4.0 technology within
the framework of a newly proposed TAM and to make an evaluation on a regional basis
according to the results obtained. With this goal, technology acceptance of businesses
operating in Manisa and Izmir Organized Industrial Zones has been analyzed with the
Structural Equation Modelling within the scope of the newly proposed TAM.
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Figure 5: Path Diagram for the Proposed Model

The findings related to the businesses’ attitudes toward Industry 4.0 can be summa-
rized as follows: i) most of the firms have developed strategies for Industry 4.0, ii) the
firms are considering increasing their investment in the future even though the invest-
ment amount related to Industry 4.0 has been low in the last two years.

In this study, we have attempted to explain the attitudes, intentions, and behavioural
constructs for the use of Industry 4.0, by revealing the relationships between these con-
structs and the factors affecting these constructs with the newly proposed TAM. Al-
though, Perceived Usefulness (PU), Perceived Ease of Use (PEU), Perceived Self-Efficacy
(PSE) and Financing (F) factors have been claimed to affect Attitude (A), PU and PEU
were found not to affect Attitude (A). PU expresses the belief that utilizing a specific

Table 7: Standardized Parameter Estimates and Hypothesis Test Results
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system will enhance a firm’s business performance. Thus, it can be concluded that even
if the firm believes that it will increase business performance by using Industry 4.0. the
firm does not change its attitude towards the use of Industry 4.0. Therefore, the exis-
tence of different factors affecting the attitude towards the use of Industry 4.0 should also
be investigated in future studies. Another latent variable that does not affect Attitude,
i.e., PEU reflects the perception that Industry 4.0 technology is easy to use and adapt to.
It is observed that the perception that it is easy to use Industry 4.0 does not affect the
attitude towards it. Hence, it can be said that the firm managers in Turkey do not have
adequate information about the process of Industry 4.0. This result reveals the necessity
for informing companies about Industry 4.0. The PSE factor, which is not included in
the general TAM but is thought to affect the attitude towards the use of Industry 4.0, is
related to the firm seeing itself ready for Industry 4.0 technology. The study’s findings
reveal that, it is seen that as the perceived self-efficacy increases, the attitude towards
the use of Industry 4.0 also increases. Based on this result, it can be said that there is
another factor that affects attitude. Furthermore, the study’s results indicate that the
financing factor, which is not covered by the general TAM, also plays a role in shaping
attitudes toward the adoption of Industry 4.0. The financing factor involves the fact that
the government incentives and especially the issue of the cost of Industry 4.0 technology
affect the decision of the business. Therefore, financing is a factor that is expected to
positively affect the attitude towards the use of Industry 4.0. Therefore, a reduction in
the cost of Industry 4.0 technologies in Turkey along with comprehensive government
incentives is likely to foster a positive attitude toward Industry 4.0.
So why is it important to develop a positive attitude towards Industry 4.0? Because

it is predicted that the attitude towards the use of Industry 4.0 affects the Intention to
Use Industry 4.0 and Intention to Use affects the Industry 4.0 Usage Behaviour. The
Intention to use Industry 4.0 technology indicates that the firm intends to follow the
relevant technology closely and when the necessary conditions are met, the firm intends
to use Industry 4.0. As a result of this study, it has been found that the attitude towards
Industry 4.0 positively affected the Intention to Use Industry 4.0. At the same time,
it has been concluded that the Intention to Use Industry 4.0, as predicted, affected the
Industry 4.0 Usage Behaviour. In addition to the Intention to Use factor that directly
affects the Usage Behaviour, it is important to handle together the attitude towards use,
which affects Intention to Use, and the factors affecting the Attitude, because the aim
is to reveal the Industry 4.0 Usage Behaviour.
In addition to the findings of this study, it would be valuable to conduct a study on

how firms perceive the concept of Industry 4.0 and how it may contribute to medium and
large-scale firms located in İzmir and Manisa Organized Industrial Zone in the future.
In order to raise awareness related to the concept of Industry 4.0 and its applications,
events such as panels, conferences and symposiums, can be organized at certain times
in relevant regions. It is also necessary to enhance University - Industry cooperation
especially in the regions where the companies are located. By encouraging academic fac-
ulty members’ participation in these activities, scientific consultation for the adoption
of Industry 4.0 by companies will be facilitated. It will also be beneficial to organize
visits to companies that use Industry 4.0 and its components effectively to accelerate the
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knowledge transfer. As mentioned before, in-house training on Industry 4.0, especially
corporate development training, is important in terms of increasing the self-efficacy of
companies. In short, awareness development, training, strengthening the corporate in-
frastructure of companies, providing financial incentives, and having qualified workforce
for Data-Oriented Service are very important for increasing Industry 4.0 readiness of
companies in İzmir and Manisa Organized Industrial Zones.

The results of this study highlight the importance of attitudes towards Industry 4.0 for
the competitiveness and sustainability of businesses operating in the İzmir and Manisa
Organized Industrial Zones. Future research should delve deeper into exploring addi-
tional factors that influence attitudes towards Industry 4.0 among businesses. Addition-
ally, there is potential for investigating how the concept of Industry 4.0 is perceived by
businesses and how it can contribute to medium and large-scale enterprises in the İzmir
and Manisa regions. Fostering positive attitudes towards Industry 4.0 among businesses
will not only enhance their competitiveness but also enable them to better adapt to fu-
ture industrial transformations. This significance extends beyond individual enterprises,
contributing to regional and national economic growth.

This study investigated the attitudes and behaviors of businesses operating in the
İzmir and Manisa Organized Industrial Zones towards Industry 4.0. The findings showed
that businesses have a generally positive attitude towards Industry 4.0, but some busi-
nesses need more information about the challenges and opportunities of Industry 4.0.
These businesses can develop more positive attitudes by better understanding the ben-
efits and risks of Industry 4.0. To enhance preparedness for Industry 4.0 among busi-
nesses, it is recommended to implement measures such as raising awareness, providing
training, strengthening corporate infrastructure, offering financial incentives, and culti-
vating a skilled workforce for Data-Oriented Service. Additionally, initiatives to foster
university-industry collaboration, organize company visits, and conduct training sessions
can accelerate knowledge transfer. These recommendations will help businesses operat-
ing in the İzmir and Manisa Organized Industrial Zones prepare for Industry 4.0 and
benefit from this transformation.
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4.0. Retrieved September, 18:2018.

Vaidya, S., Ambad, P., and Bhosle, S. (2018). Industry 4.0 – a glimpse. Procedia
Manufacturing, 20:233–238.

Winberg, E. and Ahrén, J. (2018). Industry 4.0 from a technology adoption perspective:
A case study at sandvik coromant.



Electronic Journal of Applied Statistical Analysis 293
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Avrupa birliği Ülkeleri ile karşılaştırmalı ampirik analiz. Ankara Avrupa Calismalari
Dergisi, 17(2):431–463.


