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ABSTRACT Industry 4.0 (I4.0) has increasingly been adopted as an advanced manufacturing strategy to
counter global competition. The capability of a company to compete on various manufacturing strategy
outputs (MSOs) such as cost, quality, delivery, flexibility, performance and innovativeness play a significant
role in motivating the whole company to take advantage of its competitors. 14.0 is comprised of various
technologies, and how 14.0 technologies can influence the MSOs are still unclear, and it took less interest
in the literature. This article aims to analyze the influence of the 14.0 technologies on MSOs to achieve
market competitiveness from the perspective of academic and industry experts. To do so, the influence of
the adoption of various 14.0 technologies on the MSOs was investigated. Expert opinions were gathered on
the relationship between manufacturing competitive capabilities and 14.0 technologies. The identification
of the influential relationships provides arguments for the proposed 14.0 technology selections, which will
allow companies to gain a highly competitive advantage. The results showed that the performance (regarding
the MSOs) had a high potential for integration with different 14.0 technologies.

INDEX TERMS Manufacturing strategies, industry 4.0 technologies, competitive capabilities, smart

manufacturing.

I. INTRODUCTION

Manufacturing strategies can be described as long-term plans
to use the manufacturing system’s resources to support the
business strategy and in turn, to achieve business goals [1].
It is also known as a framework that aims to strengthen the
organization’s competitiveness by well designing, managing,
and developing its manufacturing resources. Also, it forms
a consistent production decision pattern that will result in
an adequate mix of performance characteristics that will
allow the company to compete effectively [2]. Manufacturing
strategies help organizations in establishing a well-organized
manufacturing structure [3]. A manufacturing company’s
well-organized structure enhances its performance and helps
to gain a competitive advantage. This competition depends
on the level of manufacturing outputs or priorities such as
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cost, quality, delivery, flexibility, performance, and innova-
tiveness that align with customer requirements [4]. Nowa-
days, manufacturing is gaining more importance in achieving
the business competitiveness of companies through effective
management of long-term strategic decisions. It becomes a
strategically competitive element with such companies that
can differentiate themselves from competitors [5].
Manufacturing competitiveness refers to a company’s
capacity to compete with other competitors’ markets by
offering world-class products or services that attract and
enhance customer satisfaction [6] Manufacturing strategies
are utilized in sequences that begin with the formulation
of strategies and end with the company’s performance [7].
MSOs such as cost (production and distribution of goods at
low cost), quality (production of goods with high quality),
delivery (reacting quickly to customer requests to deliver
quickly), and flexibility (reacting to product changes, product
mix changes, design changes, material fluctuations, sequence
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changes) were labeled as competitive priorities in the
literature [8].

Manufacturing strategies and processes need to be data-
driven and instant in order to respond rapidly to changing
customer demands [9], [10]. Therefore, 14.0 is a new revo-
lutionary wave that rapidly responds to customer demands
with very high efficiency. 14.0 is known as the fourth indus-
trial revolution, began with the goal of being able to make
items that reflect the needs of customers through efficient
production systems; designers may refer to this concept as
“flexible integration of the global value chain™ [11], [12].
14.0 contributes to the digitalization of manufacturing by
encouraging industrial flexibility and the customization of
goods by automation and data sharing in different set-
tings [13]. It focuses heavily on cyber-physical systems (CPS)
and smart technology that can integrate machinery, factory,
and business processes. These technologies are distinguished
by unique capacities, such as the ability to share information
autonomously, trigger actions, make decisions and control
each other separately [14]. 14.0 involves connecting and inte-
grating the digital/virtual and real/physical world via CPS and
the internet of things (IoT), where smart objects continuously
interact and communicate with each other [15], [16]. 14.0
enhances industrial capability by facilitating the manufacture
of the right products in the best quality, fast delivery, and
lower cost, all while maintaining the environment safe [17].
14.0 allows smart, efficient, effective, individualized, and
customized products at a reasonable cost. With the assistance
of faster computers, smart machines, smaller sensors, and
more affordable data storage and transmission, it is pos-
sible to make machines and products smarter by allowing
them to communicate with and learn from one another [18].
To improve overall production and performance, an appropri-
ate alignment between 14.0 and MSOs is required.

To date, several studies have been published to clarify
the significance of applying 14.0 techniques to improve the
MSOs. Chiarini et al. [19] applied 14.0 technologies (big data
analytics (BD), digital supply chain, IoT, cloud computing,
robotics, 3D printing, and automated guided) to improve
MSOs (Cost, Performance, and Innovations) in Italy. May
and Kiritsis [20] utilized the 14.0 technologies to achieve zero
defects in manufacturing lines which contributed to fewer
costs and a higher level of quality, customer satisfaction,
competitiveness, and sustainability of manufacturing plants.
Tortorella and Fettermann [21] used the 14.0 technologies
such as 3-D printing, virtual model simulation/analysis, BD,
cloud service, IoT, and so on to improve the MSOs such
as quality and performance. Ghobakhloo [22] provided a
complementary framework that can be used as a starting
point by academics and practitioners toward developing a
comprehensive strategic plan for a successful transition from
conventional manufacturing to 14.0 which led to improving
the overall performance. Ghobakhloo and Fathi [23] pro-
posed 14.0 technologies to show how small-scale manufac-
turing companies can manage their IT resources to build
lean-digitized production processes that increase sustainable
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competitiveness and performance. Tortorella et al. [24] used
14.0 technologies in the relationship between lean production
(LP) and improvement in operational performance in Brazil.
The reported 14.0 technologies are 10T, cloud manufacturing
(CM), BD, automation and industrial robotics (AIR), additive
manufacturing (AM), augmented reality (AR), simulation,
and cybersecurity (CS) [14], [25]-[27]. This study aims to
analyze the influence of the 14.0 technologies on Manufac-
turing strategies. The main research contributions are listed
below.

» In defining 14.0 technologies in relation to MSOs, this
research contributes to a deeper understanding of the
fourth industrial revolution.

» This research empirically analyzes the relationship
between 14.0 and MSOs in terms of MSOs’ improvement
to gain market competitiveness.

= This research provides the appropriate selection of the
14.0 technologies for manufacturing organizations in
order to counter global competition.

The rest of this research is organized as follows: Section II
gives a background to manufacturing outputs and 14.0 tech-
nologies. Section III describes the research methodology used
in this study to select experts, gather data, and identify the
influential relationship between manufacturing outputs and
14.0 technologies. Section I'V presents the results and discus-
sions. Finally, Section V presents the conclusion and future
work.

Il. BACKGROUND

This section presents the MSOs and how they are measured.
In addition, 14.0 technologies and how the adoption of these
technologies affects the manufacturing capabilities were dis-
cussed in this section.

A. MANUFACTURING STRATEGIES OUTPUTS

MSOs including cost, quality, delivery, flexibility, per-
formance, and innovativeness, also known as competitive
priorities in the literature [8] will be considered in this study.
Competitive priorities play a significant role in motivating the
whole company to take advantage of its competitors [8]. The
MSOs (competitive priorities) can be defined as follows.

1) COST

The ability to deliver lower overall costs, at market-
competitive prices. The cost can be measured by employee
training cost [28], cost per unit produced [29], and operating
cost [30]. Additional cost measures such as employee training
cost [28], cost per unit produced [29], and operating cost [31].
The cost is also measured by unit overhead cost, unit labor
cost, product R&D cost, and unit material cost [32].

2) QUALITY

The ability to maintain a high level of customer satis-
faction and to establish high standards, quality control,
and supervision [3], [33]. It can be measured by defective
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products [34], customer satisfaction [35], machine state con-
dition monitoring [36], [37], and the number of customer
complaints [35]. Other measures of quality include warranty
claims [38], scrap rate [39], defective product [34], and cus-
tomer satisfaction [35].

3) DELIVERY

The time between order collection and distribution to the
customer. Also can be defined as the capability to provide
shorter lead times in the supply chain including logistics,
production, and design [40]. The delivery can be measured
by on-time delivery, speed delivery, overall reliability, time
flexibility, and reduced lead time [41].

4) PERFORMANCE

The features that allow the product to do things that other
products cannot do [3]. Leong, Snyder, et al. [42] reported the
performance measures are the number of standard features,
number of advanced features, product resale price, number
of engineering changes, and mean time between failures.

5) FLEXIBILITY

The ability to offer custom goods and services and to increase
or decrease the number of existing products to adapt rapidly
to the needs of customers [3], [40]. It can be measured
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by product customization [43], product mix flexibility [44],
process flexibility [44], and volume flexibility [45]. Fur-
ther flexibility measures include product customization [43],
product mix flexibility [44], process flexibility [45], volume
flexibility [46], and machine flexibility [45].The flexibility is
also measured by product features, and product verities [32].

6) INNOVATIVENESS

The capability to introduce new products rapidly or to change
the design of existing products [3]. Some innovativeness
measures such as the number of new products introduced
each year, lead time to design new products, lead time to
prepare customer drawings, level of R&D investment, and
consistency of R&D investment over time have been reported
by [47].

B. INDUSTRY 4.0 TECHNOLOGIES

14.0 is creating a new industrial field that will depend on data
acquisition and sharing along the entire supply chain. 14.0
encompasses ‘“‘new technologies that integrate the physical,
digital, and biological worlds and have an impact on all disci-
plines, economies, and industries.” These technologies have
the potential to link billions of more people to the internet and
significantly increase commercial and organizational effi-
ciency. According to the reported studies [8], [22], [48]-[51],
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the 14.0 technologies are the 10T, CM, BD, AR, AIR, AM,
modeling and simulation (MS), CPS, CS, and block-chain
(BC) as shown in Figure 1.

1) INTERNET OF THINGS

IoT allows physical things to communicate with each other
as well as share information and coordinate decisions [52].
In the context of 14.0, the IoT is generally referred to as
the industrial internet of things (IloT), which deals with the
industrial application of the IoT [53]. The IoT is widely
used, for example, in transportation, health care, and facili-
ties [54]. It forms Thing to-Thing and human to the human
network. IoT applications in manufacturing systems result
in a reduction in product recall size, earlier identification of
defective products, change of product design, and improved
performance [55].

2) CLOUD MANUFACTURING

CM may be defined as “a model for enabling ubiquitous,
convenient, on-demand network access to a shared pool of
configurable manufacturing resources (e.g., manufacturing
software tools, manufacturing equipment, and manufacturing
capabilities) that can be rapidly provisioned and released
with minimal management effort or service provider interac-
tion [56]. CM involves transforming manufacturing resources
(hardware and software) and capabilities into the cloud as
cloud services and providing some sort of service con-
trol and management capabilities to manage manufacturing
resources, processes, operations, and transactions over the
Internet [57]. CM offers cloud-based applications, a web-
based management dashboard, and cloud-based collabora-
tion to manufacturers. CM enables distributed manufacturing
resources to be integrated and a shared and scalable platform
to be built across geographically distributed manufacturing
sites and services [57]. In CM, distributed resources are cen-
trally controlled and packaged into cloud services that can be
employed in accordance with the clients’ requirements [56].
All stages of a product life cycle (e.g., product design, man-
ufacturing, testing, and management) can be requested by
cloud users [56]. CM computing increases the performance,
product quality, and capacity of manufacturers to meet con-
sumers’ changing demands [58].

3) BIG DATA ANALYTICS

BD is defined as large sets of heterogeneous data, coming
from various sources, having different formats, and flow-
ing in real-time [59]. BD technologies demonstrate a new
generation of technologies and systems that enable orga-
nizations to gain economic benefit through the discovery,
processing, and analysis of very large volumes of a wide
variety of data [60]. Companies are now moving towards big
data analytics to identify meaningful patterns and trends of
big data sources to make immediate decisions and maintain
competitiveness [61]. The use of big data offers a commer-
cial advantage through the opportunity to generate value-
added [62]. Big data has influenced production and led to
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more efficient production, better quality, and more person-
alized goods [63].

4) AUTOMATION AND INDUSTRIAL ROBOTICS

AIR is clearly on the rise, particularly in manufacturing
and, increasingly, in everyday environments [22]. Advanced
robot technology will increasingly be required to support
high-growth industries (electronics, food, logistics, and life
sciences) and emerging manufacturing processes (gluing,
coating, laser-based processes, precision assembly, and fiber
material processing), as well as to comply with sustainability
regulations. Industrial robotics and automation offer numer-
ous benefits, including decreased part cycle time, decreased
defect rate, increased quality, and reliability, decreased waste,
and improved floor space utilization, making them indispens-
able to world-class manufacturers [64].

5) ADDITIVE MANUFACTURING

AM is defined as the joining of materials to create objects
from three-dimensional (3D) model data, typically layer by
layer [64], [65]. AM techniques are increasingly develop-
ing and take highly viable applications into the real indus-
try [66]. Am technology was originally digital, because it
was produced after the advent of personal computers, and
its manufacturing process depends on the use and process-
ing of digital data. the digital data stream flows out of
the three-dimensional virtual prototype of the product by
completing the building of physical objects [59] 14.0 brings
customers and suppliers closer together and establishes a
standard way for clients to communicate production orders
directly in real-time to their manufacturing partners using
additive manufacturing. [67]. Additive manufacturing can
achieve manufacturing outputs such as time reduction, supply
chain reductions, and rapid prototyping [68], [69].

6) AUGMENTED REALITY

AR is considered as a highly promising technology to
visualize computer graphics in real environments [70].
AR technologies can be found in a variety of areas, including
entertainment, marketing, tourism, surgery, transportation,
manufacturing, and servicing [71]. The purpose of AR is
to enhance human performance by providing the knowl-
edge required for a particular task [72]. The development of
technology has brought it possible to simulate, assist, and
improve industrial processes before they are carried out [59].
According to industry reports, AR has been used by modern
manufacturers to facilitate workforce preparation and sim-
plify maintenance as well as quality control [73]

7) MODELING AND SIMULATION

The purpose of modeling and simulation techniques is to ease
a manufacturing system’s design, implementation, testing,
and control in real-time [74]. Due to the complexity of 14.0
and the challenges associated with its implementation and
coordination, simulation can be used to facilitate the usage of
all components of such systems, such as robots, information
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technology, manufacturing, and logistics [59]. MS technol-
ogy can be used to solve manufacturing industry challenges,
deal with complex systems, solve uncertain problems, and
problems that cannot be solved by conventional mathematical
models [75], [76]. MS technologies are being used to simu-
late and model processes and products (for example, finite
element analysis (FEA)), production lines, workstations, and
internal logistics (for example, discrete event simulation
(DES)), and enterprises, supply chains, and networks (for
example, system dynamics (SD) and agent-based simulation
(ABS)) [59]. Smart factories employ MS to take advantage
of real-time data to represent the physical environment of a
virtual model [77]. Modeling and simulation help to minimize
costs, reduce development cycles, and improve the quality of
products [78].

8) CYBER-PHYSICAL SYSTEMS

CPS are “systems of cooperating computational entities that
are intimately connected to the real world and its ongoing
activities, simultaneously delivering and utilizing data-access
and data-processing services available on the internet” [79].
Computer-based algorithms monitor and control CPS, which
is strongly integrated with its users (objects, humans, and
machines) via the internet [22]. Distributed manufacturing
systems enabled by CPS provide many promising capabilities
in terms of effective and flexible manufacturing [80].

9) CYBERSECURITY

CS is a new concept for high information security that is
expanded to include IIoT environments with the word cyber.
CS technologies include threat identification and detection,
as well as data loss prevention. CS is a technology that senses,
defends, and responds to attacks [81]. Such attacks could
delay the launching of a product, result in a ruin of the
customer confidence or the cost of warranty [82]. CS is a
core component of, considering that all internet-based com-
panies are at risk of being attacked. Information and data
protection is essential to the growth of the industry. Data must
be accessible only to approved persons. A large number of
interconnected items in I4.0 need safe, secure, and accurate
communication so that all decisions and actions taken are
based on reliable and properly authorized information [83].

10) BLOCK-CHAIN

BC is a platform for a modern decentralized and transparent
transaction system in industries and businesses. Durability,
transparency, immutability, traceability, and process integrity
are the key characteristics of BC technology [84]-[86]. Indus-
try 4.0 develops on a foundation of automation and block-
chain technology, which may be utilized as a ledger to
facilitate trustworthy and autonomous interactions between
the numerous components of smart factories, suppliers, and
even customers in the supply chain [22]. CPS includes smart
elements or machines with augmented intelligence and the
ability to communicate with each other to make part of plan-
ning, unique or non-repetitive tasks. In addition to controlling
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the needs of work-pieces, these smart elements can adjust
manufacturing strategies for optimal output and choose (if an
existing strategy is already in place) or discover a new strat-
egy on their own [48]. BC application can be used for any kind
of digital knowledge transfer. BC has been adopted in var-
ious applications including design, manufacturing, finance,
supply chain, and social [84].

Ill. RESEARCH METHODOLOGY

This study adopted a methodology in a similar way to that
in [87]. In this study, experts were selected in terms of knowl-
edge and experience level [87]. Experts with a minimum
professional experience of ten years, as suggested by [88],
in academia, industry, or both were considered to be accept-
able [88]. Experts should have deep knowledge of manu-
facturing strategies with special emphasis on manufacturing
strategy competitive outputs. Besides that, experts should be
familiar with 14.0 technologies either using practice or theory,
as recommended by [21]. Furthermore, experts were individ-
ually interviewed to clarify the research and for those experts
who cannot access it due to their location, an online interview
was conducted. The authors began by identifying eighteen
experts who met the aforementioned criteria. An email was
sent to them first to explain the purpose of the study and
to confirm their willingness to participate. Eleven of them
responded positively to the email. After matching the research
criterion, six experts matched this research criterion.

For the MSOs, we adopted the six MSOs used in [89]-[91]
and denoted here by O;(i = 1...6). Proof of their utilization
is substantial (e.g. [3], [91], [92]). Regarding the 14.0 tech-
nologies, the ten technologies Tj (j = 1. . . 10) described
in section II.2 were adopted based on the reported studies
in [22], [48], [49]. The experts were then asked: ‘what is
the strength of the relationship between the MSOs Oi and
the 14.0 technology T;?” Responses (res;j;) were given on a
ten-point continuous scale (from 0 to 9), where O indicated
‘no relationship’ and 9 indicated ‘maximum strength’ of
O;-T; relationship. The relationship (Rel;;) was expressed as
following:

n

Rel,j=2resijk*wk, k=1,2,....n €))
k=1

where, res;j; represent the k expert’s response on the relation-
ship between O; and Tj, wy represents the k expert’s opinion
weight, and n represents the number of experts. It should be
noted that the expert weights were considered as a function
of years of experience and it was calculated as follows in
equation 2 [87]:

Expert's k years of exerince

@)

W= S | Expert's i years of exerince
i=1

The relationship values Rel;; were included in the matrix

M presented in Table 1, which includes six O; (rows) and ten

Tj (columns). The M matrix represents the overall scores for

the relationship strengths, as illustrated in Table 1. Moreover,
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the sum of the relationship values of each row and column
was added to the M, which provides the total potential for the
integration of each manufacturing strategy output and tech-
nology, respectively. In other words, a higher total value for
a specified output Oj is an output that can be more sensitive
to the 14.0 technologies implementation. Higher total values
for Tj, meanwhile, reflect the overall prevalence that such
technology may have when improving manufacturing out-
puts. The significant relationship between the manufacturing
output O; and the 14.0 technologies Tj was determined based
on z-score, differentiation index z;; [87]. The z; represents
how many standard deviations each individual value of Rel;;
are away from the average value of the corresponding O;.
The resulted standardized scores z;; are included in the M
matrix as shown in Table 1. Values greater than or equal to 1.0
were considered to indicate a significant relationship between
O; and Tj and thus priority was given to T; technology for
improving O;.

TABLE 1. Relationships between MSOs and 14.0 technologies.

IV. RESULTS AND DISCUSSIONS

The relative relationships and differentiation indices consol-
idated results are shown in Table 1. Table 1 reveals that
the performance manufacturing output is considered to have
the highest potential for integration with different 14.0 tech-
nologies with a total score of 70.59, followed by flexibility,
innovativeness, and quality, which have a total score of 67.90,
65.30, and 62.39, respectively. Performance has the most
relationship with IoT, automation and industrial robotics,
and cyber-physical systems technologies. The performance
means that, the features of the product and how much the
features allow the product to do things that other products
cannot do [3]. Industry 4.0 technologies will boost the per-
formance of a company significantly [93]. Regarding the
most [4.0 technologies that have the most impact on MSOs,
Table 2 shows that the automation and industrial robotics 14.0
technology has the highest total score of 45.23 across all the
MSOs, followed by cyber-physical systems, the IoT, and big

14.0 TECHNOLOGIES (Tj)

Outrut (O)) IOT CM BD AR AM AR MS CPS CS  BC ggggg

o Rel; 564 543 674 620 636 466 686 557 466 460 5671
z; 004 -030 1.32% 065 085 -125 146 -012 -125 -132

ooy Rely 714 614 755 81 62l 54l 667 706 327 48 6239
z; 067 007 095 139 002 -061 032 060 -219 -1.04

Seiveny | Rely 759 569 769 747 550 321 457 683 343 347 5544
z; L19 008 125 LI3 003 -1.36 -057 075 -124 -121

Lo Rely 754 741 741 841 879 561 615 861 374 423 6190
z; 044 037 037 095 117 069 -039 107 -179 -151

romuey  Rely 840 745 784 840 634 667 726 846 441 537 7059
z; 103 029 060 103 -055 030 015 108 -2.04 -130

rvovarvoues Rl 800 744 684 663 834 683 596 817 297 41 6530
z; 088 055 019 006 108 018 -034 098 -213 -1.44
TOTAL SCORE 4431 3954 4406 4523 4154 3240 3744 4470 2249 266l

“The most important relationships (>= 1.0) between 14.0 technologies and selections for MSOs are referred to in bold numbers.

TABLE 2. The proposition of output-technology selection.

MSOs Most importantly related 14.0 technologies
Cost Big dat.a analyti.cs .
Modeling and simulation
Quality Automation and industrial robotics
Internet of things
Delivery Big data analytics
Automation and industrial robotics
Flexibility Additive me.anufacturing
Cyber-physical systems
Internet of things
Performance Automation and industrial robotics
Cyber-physical systems
Innovativeness Additive manufacturing
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data, which have a total score of 44.70, 44.31, and 44.06,
respectively. This indicates the significance of automation
and industrial robotics, cyber-physical systems, the internet
of things, and big data in Industry 4.0.

It should be noted that while the delivery output had lower
overall scores than Performance despite that it has three
significant relationships with 14.0 technologies.

The cost can be defined as the cost of material, over-
head labor, and other resources used to manufacture a prod-
uct [3] which should be able to offer competitive prices
on the market for lower total costs [40], [94]. BD gains
economic benefit through the discovery, processing, and anal-
ysis of very large volumes of a wide variety of data [60].
Manufacturers would use big data to minimize costs [95].
MS can simplify and encourage the design, implementation,
tests, and running of a live operation of a manufacturing
system [74]. Simulation technology holds great potential to
reduce manufacturing costs [85], [96]. The quality is to main-
tain a high level of customer satisfaction and to establish
high standards, quality control, and supervision of produc-
tion [3], [33]. Over the last few years, the importance of
automation and industrial robotics technology in manufac-
turing has increased significantly. This technology showed
the ability to improve quality [97], [98]. The delivery is the
time between order collection and distribution to the customer
to provide shorter lead times in the supply chain includ-
ing logistics, production, and design [40]. By implementing
the IoT, distribution or delivery becomes an integral part
of e-commerce [99]. IoT improves the delivery to ensure
timely and efficient delivery to customers [100]. BD tech-
nology is used to pre-process and analyze the manufactur-
ing data output, to reveal the hidden rules and relationships
between them. With the assistance of the relationships iden-
tified, managers are provided with better decision-making
for the delivery time [101]. By applying AIR, the delivery
has been improved between order collection and distribu-
tion to the customer [102]. Flexibility is the ability to offer
custom goods and to increase or decrease the number of
products and the volume to adapt rapidly to the needs of
customers [3], [40], [45]. The employment of AM can be
seen as a proactive flexibility strategy [103]. It allows an
intensified customer orientation with individualized prod-
ucts. The employment of AM technology enables compa-
nies to develop product varieties at very limited marginal
costs [104]. The change of this cost may lead, in terms
of product individualization of the consumers, to put pres-
sure on competitors in the market [104]. Modern distributed
manufacturing within 14.0, assisted by CPS provides many
promising capabilities for productive and flexible manufac-
turing [80]. The performance of manufacturing systems is
affected by both the behavior of independent machines and
by their interactions [105]. Investing in 14.0 technologies such
as the IoT and CPS to manage system complexity enables
businesses to boost production performance and acquire a
competitive edge in the global market [106]. CPS tightly
integrates manufacturing enterprises in the physical world
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with virtual enterprises in cyberspace. AIR has a significant
impact on manufacturing performance [107]. Innovativeness
is the capability to introduce new products rapidly, to change
the design of existing products [3], and to introduce engineer-
ing changes [42]. AM is emerging as a key technology for
enabling innovative product development [108].

V. CONCLUSION
This research aimed to analyze the influence of 14.0 technolo-

gies on manufacturing strategies. This research’s contribution
is relevant from both a practical and theoretical perspective.
It contributes to a deeper perception of the fourth indus-
trial revolution by identifying and defining 14.0 technologies,
as well as identifying and defining the MSOs. The influences
of 14.0 technologies on MSOs were quantitatively investi-
gated, consolidating the understanding of the relationship
between 14.0 technologies and MSOs. First, in theoreti-
cal terms, this study has provided theoretical arguments
for empirically analyzing the relationship between 14.0 and
MSOs in terms of MSOs’ improvement to gain market com-
petitiveness. More precisely, the research findings suggest
that manufacturing organizations should select the appro-
priate 14.0 technologies in order to counter global competi-
tion. A practical perspective on selecting 14.0 technologies
for manufacturing strategies was provided. The selection
enables companies to fully benefit from implementing these
technologies into well-designed and well-established pro-
cesses (either at the strategic or operational level). Such
technologies selection may allow superior performance and
achieve competitiveness. Moreover, this research helps com-
panies to make a shift from traditional manufacturing to smart
manufacturing, emphasizing how these technologies can play
a significant role in motivating the company to take advantage
of its competitors. Based on the expert’s opinions on the
relationship between MSOs and 14.0 technologies, several
conclusions have been drawn as follows:

» Regarding the MSOs, the performance was considered
to have the highest potential for integration with differ-
ent [4.0 technologies. It shows an utmost relationship
with IoT, automation and industrial robotics, and cyber-
physical systems technologies.

» Regarding the 14.0 technologies, automation and indus-
trial robotics is the most influential 14.0 technology on
manufacturing outputs due to their highest total score, fol-
lowed by cyber-physical systems, the internet of things,
and big data analytics.

s It was found that the cost is significantly affected by big
data, modeling, and simulation.

= Results revealed that quality has a significant relationship
with automation and industrial robotics technology.

» It was found that the delivery has a noteworthy relation-
ship with the internet of things, big data, and, automation
and industrial robotics.

» The results revealed that flexibility could be signifi-
cantly improved with additive manufacturing and cyber-
physical systems.
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= Augmented reality, cybersecurity, and blockchain tech-
nologies are considered the least influential in relation
to MSOs
We are limited in our work to selecting the appropriate
14.0 technologies in order to increase market competitiveness.
Therefore, future research can focus on developing various
scenarios and addressing the opportunities and difficulties
associated with implementing the developed scenarios.
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