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dustrial organizations in Jordan. Due to the large population and the spatial and temporal limitations
of the research, it was difficult to collect data using the comprehensive method. Therefore, the ran-

Available online: May 9 2022 dom sampling method was applied to collect data from the research population. The structural equa-
Keywords: tion modeling (SEM) technique was used to test the impact of industry 4.0 dimensions on sustaina-
Industry 4.0 bility. The study results confirmed that all dimensions of industry 4.0 had an impact on sustainability.
Sustainability The greatest effect was for cyber-physical systems. Based on this result, researchers recommend the
Industrial Organizations management of industrial organizations to invest in information technology to provide a large variety
Jordan of data in a very short time and providing appropriate programs for analyzing big data and producing

accurate and reliable information that can be used by employees.
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1. Introduction

Information technology has brought about tremendous developments in all aspects of life, in addition to the developments
that accompanied it in social media, which was reflected in the benefit of business partners, customers and suppliers (Al-
Qudah et al., 2012; Altarifi et al., 2015; Al-Hawary & Alhajri, 2020; Eldahamsheh et al., 2021). This reflected on the compa-
nies with many benefits such as improving performance, achieving sustainability and retaining customers (Alhalalmeh et al.,
2020; Al-Shormana et al., 2021; Al-Hawary & Obiadat, 2021 Tariq et al., 2022; AlHamad et al., 2022). Industry 4.0 represents
the Fourth Industrial Revolution, and it is an extension of the sequence of industrial revolutions that were preceded by three
industrial revolutions. The Fourth Industrial Revolution aims to automate human life in all its fields. Industry 4.0 was first
announced by the Germans at the Hannover Fair in April 2013 (Lin, Wu & Song, 2019). Industry 4.0 refers to the current
trend in automation and data exchange in organizations. It is completely changing the way an organization works (Alwan et
al., 2022; Sony & Naik, 2019). Adoption of Industry 4.0 technologies creates a superior competitive advantage for companies
that adopt them as drivers of efficiency and differentiation, as well as supports innovation. (Bettiol, Capestro, Di Maria, &
Furlan, 2019) investigate the relationship between digital technology investments and corporate performance by examining
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the technologies most likely to be associated with superior performance and, ultimately, the cumulative effect of technologies
on performance, and demonstrate the positive effects on adopter performance as well as the role of robotics and laser cutting
in this relationship.

Companies are eager to deliver high levels of performance. Therefore, it focuses on managing employee performance in order
to ensure that they deliver to the best of their ability while also working to improve the company's overall success. The
company's high performance is indicated by improved productivity and sales growth while decreasing costs in the organiza-
tion, which may boost the company's profitability, resulting in growth and continuity, and therefore the company's sustaina-
bility. It may also improve the customer experience, provide them with a unique and positive experience, and raise their
satisfaction, earning the company loyalty from its customers and allowing it to gain new customers through its high perfor-
mance reputation. At the corporate level, performance is measured in a variety of ways. Accounting profitability measure-
ments, the Lerner index, sales per input, and total factor productivity are examples of these methodologies (AlTaweel & Al-
Hawary, 2021; Al- Quran et al., 2020; Al-Hawary et al., 2020 ). Distinct metrics record different aspects of a company's
success, even though they are connected (Alwan et al., 2022; Al-Hawary & Al-Rasheedy, 2021; De Loecker & Goldberg,
2014). Today's businesses require the development and implementation of a solid business strategy. Business Performance
Management (BPM) is an IT-enabled approach to formulating, adjusting, and implementing strategy in businesses (Frolick
& Ariyachandra, 2006; Le6n Garca & Baez Landeros, 2020; Al-Hawary & Al-Syasneh, 2020 ).

IT and Industry 4.0 technology resources provide tools for organizations to enhance foreign markets and positively stimulate
business performance (Ledn Garcia& Baez Landeros, 2020). Business services firms must build information systems to mon-
itor consumers and successful products, as well as a company culture that prioritizes stakeholder requirements, to increase
business success. As well as creating regulations to promote ethical behavior (Gray, Matear, & Matheson, 2002). Modern
businesses are also taking initiatives to improve their performance through increasing efficiency through enhanced openness.
(Berggren & Bernshteyn, 2007). Industry 4.0 is rapidly being touted as a means of raising productivity, stimulating economic
growth, and assuring manufacturing enterprises' long-term viability. (Rosin, Forget, Lamouri & Pellerin, 2019). This study
provides a link to the concept of Industry 4.0 and company performance and aims to contribute to the literature and the
business sector by presenting the relationship between the use of Industry 4.0 technologies and business performance. Through
the researchers’ review of the studies related to the subject, it was found (within the researcher’s knowledge) that there is no
study that dealt with Industry 4.0 and its implications for performance in the Arab region. Therefore, this study could be the
first that we can add to the Arab library, and this study can add good value to the results that I reached it in addition to the
recommendations it provides to companies to improve their performance through Industry 4.0 technologies. Therefore, this
study came to examine the impact of Industry 4.0 on sustainability of industrial organizations in Jordan.

2. Theoretical framework and hypotheses development

2.1 concept of Industry 4.0

As market globalization, global competitiveness, and product complexity increase, technological advances, methods, and
work processes are implemented (Guban & Kovacs, 2017). In today's industry, digitalization and internalization of the pro-
duction process are required. Rapid advancements in manufacturing methods and industrial applications are assisting in in-
creasing productivity. Industry 4.0 emphasizes people's rigorous integration into the industrial process for continuous devel-
opment, as well as an emphasis on value-adding tasks and waste minimization (Vaidya, Ambad & Bhosle, 2018). Although
Industry 4.0 has become a popular word in both academia and industry, its meaning is still under development and updating.
The German Federal Government first proposed the concept of "Industry 4.0" as a strategic plan for the development of
German industry, based on the integration of manufacturing machinery and information systems into a specific information
space, allowing them to interact with one another and with the outside world without human intervention. (Tarasov, 2018).
Industry 4.0 is becoming increasingly tailored to the needs of specific customers (Vaidya et al., 2018). The shift of organiza-
tions to digital is also known as Industry 4.0 (Sony & Naik, 2019). Industry 4.0 is powered by Big Data, Smart Factory, Cyber-
Physical Systems (CPS), and the Internet of Things (IoT) (Rahman, Kamal, Aydin, & Ul Haque, 2020). Physical cyber sys-
tems (CPS) are the merging of mathematical and physical processes in which computers and embedded networks monitor and
regulate physical processes, typically through feedback loops in which physical activities influence computational processes
and vice versa (Lee, 2008). The Internet of Things could be defined as the operation of a network of physical devices, vehicles,
buildings, as well as other items embedded with electronics, applications, detectors, actuators, and network access that allow
these objects to collect and exchange data. (Schwertner, 2017), and can also be controlled remotely. One of the major archi-
tectures of Industry 4.0 is the Smart Factory, which consists of a fully connected manufacturing system operating essentially
without manpower by generating, transmitting, receiving, and processing the data needed to perform all the tasks required to
produce all kinds of goods (Osterrieder, Budde, & Friedli, 2020). Through advanced systems and programs that operate ac-
curately. These systems accomplish their tasks based on information received from the physical and virtual worlds. Physical
world information is, for example, the location or state of a tool, as opposed to virtual world information such as electronic
documents, graphics, and simulation models (Lucke, Constantinescu & Westkdamper, 2008). Big Data is described as a pro-
cedure and technology for retrieving, collecting, managing, and analyzing a vast volume of unstructured and structured data
that really is difficult to process using typical databases and that requires new technologies and analysis methodologies
(Zulkarnain & Anshari, 2016).
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2.2 Sustainability

The rise of the concept of sustainability indicates a significant shift in global thought, prompting businesses to rethink how
they manage their operations. Companies must re-establish their company strategy by developing and executing more inte-
grated sustainable practices in order to foster economic development (Hami et al., 2015). With the growing interest in inte-
grating sustainability standards into corporate activities, the responsibilities of the corporate board of directors, which include
drawing up the general strategy and detailed action plans for the company, began to take into account the integration of
environmental, societal, and government standards into the company’s general strategy (Al- Quran et al., 2020). The main
responsibility of the board of directors is to supervise the preparation of a disclosure report on sustainability performance in
its various stages (Alhalalmeh et al., 2020). Hueting and Reijnders (1998) argue that sustainability is defined as the use of
vital functions (potential uses) of our biophysical environment in such a way that they become available indefinitely. Rastislav
and Petra (2016) have developed a definition of sustainable development as a broad social goal for all stakeholders and rein-
forced the areas where it is necessary to focus (environmental, social, and economic performance). According to Stankeviciute
and Savaneviciene (2013), business sustainability demands a "triple bottom line" approach that includes principles of envi-
ronmental, economic, and social equality. Based on the above definitions of sustainability, researchers defined sustainability
as an attempt to preserve the quality of life that we live in the long term by meeting the needs of current generations while
ensuring the rights of future generations to the available resources. Various metrics that can be used to assess sustainable
development were stated in the studies, and many researchers addressed them according to the objective and nature of their
research as well as the field of application. This is supported by the research (Pislaru et al., 2019), which intended to propose
a technique for improving corporate sustainability management. The study evaluates the impact of a company's environmental
sustainability and financial performance on its long-term success. A study (Hussain, 2015) aimed to provide a clear under-
standing of the relationship between disclosure of sustainability performance (SP) and financial performance (FP) by applying
to global wealth companies (N100), with the dimensions of the company's sustainability performance (SP) represented by
economic performance, environmental performance, and social performance. The study (Garg, 2015), which aimed to inves-
tigate the relationship between sustainability reports and the financial performance of companies in India, relied on measuring
sustainability reports on economic, environmental, and social indicators (related to society, employment, and product). Sus-
tainability was measured in a study (Jiang et al., 2018), which aimed to propose a three-dimensional sustainability assessment
model to analyze the sustainable performance of companies based on the analysis of the main component, with the economic,
environmental, and social dimensions. The study of (Ait Sidhoum & Serra, 2017), which aims to answer whether profitable
businesses are compatible with balanced sustainability by investigating the relationship between the dimensions of sustaina-
bility and the dimensions represented by the economic, social, environmental, and governance performance of a sample of
international companies. The dimensions of sustainability were represented in the study (Shahzad et al., 2020), which aims to
study the role of the knowledge management process for the sustainable performance of companies with the integration of
green innovation and organizational agility by following the theory of resource-based supply with the following three dimen-
sions of the sustainable performance of CSPs: environmental sustainability, economic sustainability, and social sustainability.
Based on the above, the researchers adopted the dimensions of corporate sustainable development (CSD) with environmental
sustainability (ENVS), economic sustainability (ECOS), and social sustainability (SOCS).

2.3 Industry 4.0 and sustainability

Many studies have combined the Industry 4.0 variable with its impact on the sustainability variable. The study (Stock &
Seliger, 2016) found different opportunities to achieve sustainable manufacturing in Industry 4.0. These potentials bring to-
gether existing research methodologies in the area of sustainable manufacturing with Industry 4.0's future requirements. De-
termine the use case for industrial equipment modification as a unique opportunity for Industry 4.0 sustainable manufacturing.
While the findings of Soltani Delgosha et al. (2020) indicate the importance of digitization to achieving sustainable develop-
ment goals, they add to the literature by developing a model that represents the pillars of digital transformation as interrelated
conditions to explore how the combination of these factors achieves the sustainable development goals. Feroz et al. (2021)
proposed a framework for digital transformations in four areas: pollution control, waste treatment, sustainable materials, and
urban sustainability. The results of the study (Esses et al., 2021) show the extent of digital performance in each country and
the relationship between performance and sustainability indicators. "Digital revolution influences every area of the company
and generates a new model for fashion shops which will pay more attention to the notion of sustainability in their future
development," they concluded (Bulovi & ovi, 2020). (Krmela, 2019) indicated that digital transformation supports the imple-
mentation and spread of business models. In addition, (Yalina & Rozas, 2020) were able to come to the conclusion that the
use of the digital workplace can be an option within the context of global environmental sustainability. Based on the foregoing
from the theoretical literature, the hypothesis of the study can be formulated on the following:

There is a statistically significant effect of Industry 4.0 on sustainability in industrial organizations in Jordan.
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3. Study model

Industry 4.0 Sustainability
Big Data Hl—»
« Environmental Sustainability
Smart Factory HZ2—»
« Economic Sustainability
Cyber Physical Systems H3——» : G
« Social Sustainability
Internet of Things H4———

Fig. 1. Conceptual Framework

4. Research methodology
4.1 Respondents

The primary data related to the current research was collected by distributing the research instrument to the study population
consisting of employees at various administrative levels of industrial organizations in Jordan. Due to the large population and
the spatial and temporal limitations of the research, it was difficult to collect data using the comprehensive method. Therefore,
the random sampling method was applied to collect data from the research population.

The appropriate sample size was determined according to what was indicated by Sekaran and Bougie (2016) in the unlimited
population which is 383 respondents. To ensure effective sampling, the research instrument was distributed to 500 employees
of industrial companies listed on the Amman Stock Exchange via e-mail. The responses were 416, while it included 26 re-
sponses whose answers did not fit with the statistical analysis procedures because the respondents were not careful in their
answer. Therefore, 390 responses were used when conducting the statistical analysis of this research, as what was analyzed
constitutes a response rate 0.78% of the total distributed to employees in industrial organizations in Jordan.

4.2. Measures

The instrument used in this research was a self-report questionnaire that was prepared electronically based on Google Forms.
This questionnaire consisted of three main sections, where the first section was devoted to a question about the demographic
information of the respondents (gender, age, work experience, educational level).

The second section included 16 items related to the independent variable represented by Industry 4.0, which was developed
based on (Imran et al., 2018). This variable was considered a second-order construct that subdivides into four first-order
constructs. Cyber-physical systems were measured by four items. Smart factory was measured using four items. The Internet
of Things was measured through four items. Finally, big data was measured using four items. The items' answers were deter-
mined using a five-point Likert scale for responses alternatives.

The third section of the questionnaire consisted of 15 items devoted to measuring the dependent variable represented by
sustainability, as its items were developed based on (Eslami et al., 2019). Sustainability was considered a second-order con-
struct that was divided into three first-order constructs. Environmental sustainability was measured by five items. Economic
sustainability was measured through five items. Social sustainability was measured using five items. The items' answers were
determined using a five-point Likert scale for responses alternatives.

5. Research results

5.1. Measurement Model Evaluation

Confirmatory factor analysis (CFA) was applied to extract the values used to determine the validity and reliability of the
measurement model. Table.1 shows the results of these tests based on determining convergent validity using the values of
factor loadings and the average variance extracted (AVE). In addition to the discriminant validity test by comparing the value
of AVE with the value of maximum shared variance (MSV) for each construct, as well as comparing the square root of the
average variance extracted (VAVE) with the values of the correlation coefficients between the research constructs. As for the
reliability, it was determined by the composite reliability (CR) of the measurement model using McDonald's Omega coeffi-
cients.
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Table 1
Results of validity and reliability tests

Constructs Items Loadings AVE MSV VAVE CR

Big Data (BD) BD1 0.801 0.637 0.245 0.798 0.875
BD2 0.806
BD3 0.733
BD4 0.848

Smart Factory (SF) SF1 0.752 0.616 0.246 0.785 0.865
SF2 0.769
SF3 0.784
SF4 0.832

Cyber Physical Systems (CPS) CPS1 0.751 0.593 0.334 0.770 0.853
CPS2 0.726
CPS3 0.791
CPS4 0.810

Internet of Things (IoT) ToT1 0.815 0.634 0.210 0.796 0.874
[oT2 0.786
ToT3 0.771
10T4 0.812

Environmental Sustainability (ENS) ENSI1 0.703 0.513 0.341 0.716 0.840
ENS2 0.682
ENS3 0.748
ENS4 0.711
ENSS 0.735

Economic Sustainability (ECS) ECS1 0.782 0.573 0.216 0.757 0.870
ECS2 0.726
ECS3 0.753
ECS4 0.813
ECS5 0.707

Social Sustainability (SOS) SOS1 0.794 0.614 0.316 0.784 0.888
SOS2 0.856
SOS3 0.825
SOS4 0.731
SOS5 0.702

The results in Tablel show that the factor loading values exceeded the minimum 0.50 to keep the factors (Ro & Ha, 2019),
where the values ranged within the range (0.682-0.856). The values of AVE exceed 0.50, which is the minimum threshold for
this measure (Howard, 2018). Moreover, the results indicated that the values of AVE exceed the values of MSV calculated
for each construct and that the values of VAVE were higher than the correlation values for all research constructs, which are
the discriminant validity conditions (Franke & Sarstedt, 2019). Therefore, the measurement model for examining the impact
of Industry 4.0on sustainability was considered to have appropriate convergent and discriminant validity. Regarding reliabil-
ity, the values of the McDonald's Omega coefficients used to determine the complex reliability were within the range (0.840-
0.888). Padilla and Divers (2016) argued that the measurement model fulfills the condition of complex reliability if the test
value exceeds the minimum threshold of 0.70. Accordingly, the model used in this paper possesses suitable composite relia-
bility.

5.2. Descriptive Statistics

The respondents' attitudes about Industry 4.0and sustainability of industrial organizations listed in the Amman stock exchange
were determined by extracting the values of means and standard deviations. Besides, the multicollinearity between the dimen-
sions of the Industry 4.0 was tested based on the Pearson correlation matrix. Table 2 reports the results achieved from the
descriptive analysis.

Table 2
Means, standard deviation, and correlation coefficients
Constructs M SD 1 2 3 4 5 6 7
1.BD 3.66 0.702 1
2.SF 3.58 0.925 0.233 1
3. CPS 3.52 0.771 0.248 0.246 1
4. IoT 3.78 0.628 0.292 0.251 0.186 1
5. ENS 3.70 0.819 0.401 0.264 0.305 0.371 1
6. ECS 3.69 0.652 0.377 0.452 0.337 0.386 0297 1
7. SOS 3.77 0.698 0.452 0.384 0.485 0347 0305 0254 1

Note: All correlation coefficients are significant at level less than 0.05.

The results indicated in Table 2 determine that the dimensions of Industry 4.0 were mostly at a moderate level, except for the
internet of things (M= 3.78, SD= 0.628) which ranked first with a high level. The rest of the dimensions were at a moderate
level, where big data (M= 3.66, SD= 0.702) ranked second, then smart factory (M= 3.58, SD= 0.925) ranked third, and cyber-
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physical systems (M= 3.52, SD= 0.771) ranked fourth. However, the dimensions of sustainability were at a high level, as
social sustainability (M= 3.77, SD= 0.722) was first, followed by environmental sustainability (M= 3.70, SD= 0.819) ranked
second, and finally economic sustainability (M= 3.69, SD= 0.652) in third place.

Regarding multicollinearity, the results indicated that the values of the correlation coefficients between the dimensions of the
Industry 4.0 were within the range (0.186-0.292). Senaviratna and Cooray (2019) deemed that correlation values that do not
exceed 0.80 are considered appropriate and indicate that the data is free from the multicollinearity problem. Accordingly, the
study data does not suffer from the multicollinearity problem between the dimensions of Industry 4.0and each dimension was

autonomous.

5.3 Structural Model

The structural equation modeling (SEM) technique was used to test the impact of Industry 4.0dimensions on sustainability.
Fig. 2 demonstrates the model used in this test in conjunction with the results of goodness of fit indicators.
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Fig. 2. SEM for testing the impact of Industry 4.0 on Sustainability

The results reported in Fig. 2 indicate that the chi-squared ratio (CMIN/DF) was 2.135, which is less than 3 the upper limit
adopted for this indicator (Jorgensen, 2020). The value of the comparative fit index (CFI) and the Tucker-Lewis index (TLI)
exceeded the lower limit of 0.90 (Xia & Yang, 2019). Moreover, the value of the root mean square error of approximation
(RMSEA) was less than 0.08 which is the upper threshold for this indicator (Niemand & Mai, 2018). Therefore, the model
used to assess the impact of Industry 4.0on sustainability was appropriate and characterized by constructional validity. Table
3 lists the values of standardized and unstandardized coefficients to examine the impact of Industry 4.0 on sustainability.

Table 3

Summary of effect coefficients
Path B S.E B t-value p-value
BD-> SUS 0.225 0.024 0.255 9.375%** 0.000
SF-> SUS 0.241 0.025 0.284 9.640*** 0.000
CPS-> SUS 0.385 0.031 0.451 12.419%*** 0.000
IoT->SUS 0.301 0.026 0.312 11.577*%* 0.000

Note: * p <0.05, ** p <0.01, *** p <0.001.

The results presented in Table 3 confirmed that all dimensions of Industry 4.0had an impact on sustainability. The greatest
effect was for cyber-physical systems (f=0.451, t= 12.419, p=0.000), followed by the internet of things (3= 0.312, t=11.577,
p=0.000) in the second place, then smart factory (f= 0.284, t= 9.640, p=0.000) in the third place, and finally big data (f=
0.255, t=9.375, p= 0.000) in the fourth place.

6. Discussion

The results of the study concluded that there is an impact of Industry 4.0 on sustainability in the industrial organizations in
Jordan. This result is consistent with the study (Soltani Delgosha et al., 2020), which indicates the importance of digitization
to achieving sustainable development goals and the results of the study (Esses, Csete, & Nemeth, 2021), which shows the
relationship between digital performance and sustainability indicators. According to Bulovi and Ovi (2020), the digital revo-
lution influences every part of the company and generates a new paradigm for fashion merchants that will prioritize sustaina-
bility in their future development. Massah and Mohieldin (2020) found in their study that the localization of the Sustainable
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Development Goals (SDGs) allows governments to effectively design sustainable development strategies at the local level,
which can be enhanced through digital transformation, as indicated by Papyshev (2017) in his study that Industry 4.0 can have
a potentially significant impact on several SDGs. A study (Nara, da Costa, Baierle, Schaefer, Benitez, do Santos & Benitez,
2021) demonstrated that digital transformation technologies are catalysts for long-term development. Furthermore, the study
discovered that robots has a negative influence on job creation and that cloud computing and systems integration technologies
have modest implications on sustainable growth. Krmela (2019) indicated in his study that digital transformation supports the
implementation and spread of business models for sustainability. The study (Chandola, 2015) also determined that digital
transformation has a significant impact on the company's sustainability and that it should be considered as part of the overall
strategy, and that digital technologies not only change markets but also create new business models but provide solutions for
enterprises to address sustainability challenges. The results of the study (Bieser & Hilty, 2018) show that digital revolution
has both direct and indirect implications on greenhouse gas emissions. The creation, usage, and waste of communication and
information technology (ICT) devices have direct effects, while shifts in consumption and production patterns have indirect
repercussions. The study's findings also show that ICT has the potential to reduce greenhouse gas emissions in Switzerland,
particularly in the construction, transportation, and energy sectors. Also (Yalina & Rozas, 2020), in their study, they were
able to conclude that the application of the digital workplace can be an alternative within the framework of global environ-
mental sustainability.

7. Recommendations

The study concluded that there is an impact of Industry 4.0 with its dimensions represented in cyber-physical systems (CPS),
smart factories, the Internet of Things (IoT), and Big Data on sustainability. Based on this result, researchers recommend the
management of industrial organizations invest in information technology to provide a large variety of data in a very short
time, and providing appropriate programs for analyzing big data and producing accurate and reliable information that can be
used by employees; and hiring experts and specialists to use the results of data analysis by developing strategies to support
sustainable development in factories. In addition to linking the factory devices with identification, sensing, networking, and
processing capabilities that allow the devices to communicate with each other and with other devices and services via the
Internet, providing portable devices equipped with programs connected to the Internet of Things systems located in the factory,
providing high-quality Internet coverage, and training employees to gain the knowledge necessary to deal with Internet of
Things systems .

8. Limitations and direction for future research

The study dealt with the impact of Industry 4.0 on sustainability, and it is possible for another study to address the impact of
Industry 4.0 on inventory management, supply chain management, quality management, customer service, organizational
productivity, or the performance of the organization, and the study measured Industry 4.0 in its dimensions as represented in
big data, smart factories, the Internet of things, and cyber-physical systems. Another study could address Industry 4.0 in other
dimensions represented by cloud computing, mobile devices, cloud manufacturing, and other technologies. 4.0, the study
measured sustainability as represented by the economic, social, and environmental dimensions, and another study could add
to them the governance dimension. The study also dealt with the industrial organizations as a community for study, and
therefore, another study can deal with the tourism sector, service organizations, the educational sector, the public sector (the
state sector), or the telecommunications sector. Since the study dealt with industrial organizations, it is possible for another
study to conduct a comparative study with a second country, or a comparative study in the same country with service organi-
zations.
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