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Digital technologies are shown to perform a vital role in developing a resource-efficient industrial base. ,e effective adoption of
digital technologies can help reduce costs and improve the sustainability and flexibility of manufacturing industries. However,
how digital technologies favor the transition towards manufacturing systems has not been analyzed in detail yet, so more
conceptual and empirical investigation is required in this field. ,is study investigates the digital transformation trend in the
manufacturing industry by combining the bibliometric method with life cycle mode and literature mining. An integrated data
analysis system (IDAS) is developed, which includes data collection, data analysis, and visualization processes. As a result, dual-
map overlay, keywords clusters, Timeline, and Time zone views are visualized to identify the research trend with the three main
aspects: design, larger integrated circuit, and sustainable manufacturing concept evolution. Besides, to recognize potentials for
future development of the domain, life cycle model-based technological trajectory is identified, constructing an information
society, the combination of tools, and the performance improvement of the whole digital transformation. Moreover, in response
to sustainable development, a system considering business strategies and cultural delivery, technological integration, and partner
participation and evaluation is developed, which could cope with complex manufacturing processes due to different industrial
tasks in different regions.

1. Introduction

Digital technology is reshaping the world economy and has
become a new driving force for economic growth. New digital
technologies offer more innovation and development zones to
enterprises and industrial supply chain organizations [1]. Based
on the layout of information technology, such as 5G com-
munication networks, computing centers, industrial Internet
platforms, artificial intelligence, blockchain, and cloud com-
puting, digital technologies promote the way of resource al-
location in the industrial supply chain, the potential value of
labor division, and the form of cooperation. ,e digital con-
nection breaks the internal and external barriers of the orga-
nization, while technological advances can encourage disruptive
innovation and alternative competition in the field [2].

Integration of advanced technology and associated
digitalization in industries is now becoming essential

especially when working towards achieving sustainability
within the manufacturing operations. Integration of these
advanced technologies is extremely supportive in produc-
tivity improvement, waste management, time management,
and enhanced competitive advantage. Digitalization is now
an essential part of a sustainable manufacturing environ-
ment [3]. ,e development of manufacturing began early
19th century from the first or Victorian industrial revolution,
where steam engines were used in manufacturing with
supply chain systems. ,e second industrial revolution
presented mass production, and the use of electricity for
production. ,is second-generation industrialization was
upgraded with the incorporation of electronics and robotics
into the manufacturing process [4]. ,e desire to make it
more sustainable has resulted in the evolution of the fourth
industrial revolution (I4.0), which upgraded the third in-
dustrial revolution with the integration of information and
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communication technology (ICT) that comprises digitali-
zation, cyber-physical systems, artificial intelligence, and
data analytics for improved productivity [5].

In real-world practice, the manufacturing industry has
continued its digital transformation. According to theWhite
paper “,e Impact of the Fourth Industrial Revolution on
Supply Chains” released by theWorld Economic Forum, the
digital transformation would reduce the cost of
manufacturing enterprises by 17.6% and increase the rev-
enue by 22.6% [6]. However, challenges have been derived
from the changing technological landscape. ,e first chal-
lenge is culture change and employees management in
enterprises. Araujo et al. [7] proved a strong link between
digital leadership and corporate success and productivity.
Business leaders in the manufacturing industry are ad-
vancing digital transformation and changing their strategic
thinking. It is known that business leaders must not only
profoundly understand the impact of digital systems, but
also promote the development of digital virtual systems for
enterprises, and they must communicate effectively with
employees and consumers under the big-data situation [8].
In other words, culture change and associated behavioral
changes are the main hurdles in the manufacturing industry
[9]. Meanwhile, these hurdles have attracted industrial re-
search. Frank et al. [10] proposed that a new skill set is
required to effectively lead the organization into an un-
certain, more dynamic future. Hence, devising mechanisms
for realizing leadership in the digital age have a profound
need [11]. However, there is less research on the
manufacturing industry.

,e second challenge is technological advances and
choices. ,e I4.0 is considered to be the cornerstone of
digital transformation in industries. After the advent of
Information Technologies (ITs) in the manufacturing in-
dustry, it makes factories more intelligent and have in-
creased ergonomics, adaptability, and resource efficiency. In
Sweden, the metal industry has made efforts on digital leap
[12]. ,e United States government invested 70 million US
dollars in 2014 to create a digital laboratory for digital
manufacturing and innovation, which enabled real-time
collaboration and big data analysis during manufacturing
production processes [13]. Digitalization changes the
manner of the operational linking chain, and it has un-
doubtedly promoted productivity [14, 15]. However, the
digitization of manufacturing offers diverse opportunities
and challenges in terms of the progress of investment in
technological advances. Although the abovementioned lit-
erature review provides valuable information on the state of
the literature on sustainability and digitalization, there is still
much need for a bibliometric approach for analyzing this
literature. Hence, faced with the complex industrial pro-
cesses due to different tasks in different regions, this study
identifies the pathways and evaluation index for sustainable
digital transformation in the manufacturing industry.

,e study analyzes the manufacturing industry’s digital
transformation based on an IDAS and concludes the re-
search streams. It also recognizes the major processes
employed in the incorporation of digital transformation into
the enterprise. ,e study also determines the environment

required for the popularization of digitalization in the
manufacturing industry, and how to build it facing complex
industrial processes due to different tasks. Moreover, the
study identifies the basic architecture framework and shared
principles for the digitalization of the manufacturing
process.

,e remainder of this paper is listed as follows: Section 2
describes the proposed research methodology. Section 3
reveals the current research on digital transformation in
terms of the manufacturing industry. Section 4 evaluates the
evaluation dimensions of a sustainable digital transforma-
tion support system in the manufacturing industry, and
several essential contents for the development are given.
Finally, Section 5 concludes the whole study.

2. Methodology

2.1. IntegratedDataAnalysis System (IDAS). An IDAS based
on bibliometric and literature mining was developed to focus
on digital transformation in manufacturing industry anal-
ysis. ,e IDAS includes data collection, data analysis, and
visualization processes.

As a comprehensive integrated approach to elucidate
keyword trends, the IDAS was developed from the Web of
Science Core Collection (WoS-CC), and CiteSpace to guide
the research towards retrospective analysis and policy-based
management development trajectories. ,e major steps in
this process are depicted in Figure 1.

,e data were collected in July 2021, with the retrieval
period being from 1990 to 2020. ,e search strings were
T.S.� (Digital transformation OR Digital Transition) AND
TS� (manufacture industry OR manufacturing industry).
After refining articles from the searched papers, the WOS
covers 510 in its core database. When the search was
complete, all related articles were downloaded and saved in
CiteSpace. CiteSpace is a commonly used statistical analysis
tool based on the Java environment, designed by Syn-
nestvedt et al. [16].

2.2. Data Classification and Visualization Analysis. Data
classification and visualization are essential to assist the
analyst in quickly identifying data trends. ,e pictorial
representation of datasets permits analysts to visualize
concepts and new patterns. In this study, the parameters are
set as time slices from 1990 to 2020, the networks are
constructed using the ‘‘minimum spanning tree (MST)’’
pruning algorithm, and keywords are defined as the node.
Different network analysis views such as dual-map overlay,
cluster, Timeline, and Time zone are depicted as shown in
Table 1.

2.2.1. A Dual-Map Overlay. ,e dual-map overlay reveals
patterns of a scientific portfolio with respect to a global
map of scientific literature [17]. It presents the details in
citation links and cited fields as shown in Figure 2. From
left to right, the colored curve presents the citing path,
where the citing trajectory is shown on the left of the dual
map, and the cited trajectory is shown on the right. ,e
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size of the circle on the left is determined by the published
number of articles in one field. ,e citing-cited link re-
flects that digital transformation in the manufacturing
industry moves from field labeled as “mathematics, sys-
tem, mathematical” to the field labeled as “system,
computing, computer,” and “economics, economic, po-
litical.” Based on the results of what types of the journal
are cited, the dual-map overlay implies that it is possible to
move digital transformation in the manufacturing in-
dustry from traditional mathematical research field to a
range of policy- and user-oriented concerns fields. To sum
up, it is a combination of mathematical, management, and
economics sciences with respect to the design and utili-
zation of computer-based models as tools for transferring
knowledge from science to policy. To be specific, for the
digital transformation in the manufacturing industry, the
research trend is transferring scientific information from
mathematical modeling to social policy.

2.2.2. Visualization of the Scientific Literature from Different
Dimensions. A cooccurrence map (feature term, keyword,
and subject category) is drawn as follows: ,is study takes
modularity and silhouette as the two key indexes to evaluate
and identify the structural networks’ properties derived from
CiteSpace. It is found that the modularity value is 0.8698, as
shown in Figure 3, which is a relatively high value and
reflects the reasonability of the clustering network. Besides,
Weighted Mean Silhouette is used for measuring the clus-
tering effect of the data. If the Weighted Mean Silhouette
value is around 1, the cluster results are reasonable, while if it
is around −1, the cluster results are not reasonable. If the
value is equal to 1, it represents a perfect result [18]. It is on
the two clusters’ boundary if the Weighted Mean Silhouette
value is equal to 0. ,e index in this study is calculated as
0.9549, which shows that the digital transformation in the
manufacturing industry is relatively high.

,e network consists of 846 nodes and 929 links. 55
cooccurrence clusters are identified based on the principle of
auto-labeling. We choose three clusters based on the side
and Weighted Mean Silhouette value, that is, “sustainable
manufacturing concept evolution (#0),” “larger integrated
circuit (#1),” and design (#3). Cluster 0 has 76 members, and
the most active citation is Culot et al. [19], cluster 1 has 58
members, with the most active citation being Ranky et al.
[20], and cluster 3 has 47 members, and the most active
citation is Fountain [21].,ese three papers with a high level
of citing times are analyzed in Table 2, which shows a re-
search trend over time. Further, based on the previous ar-
ticles, we divided the whole study into three groups from a

Step 1 Data collection

Step 2 Data analysis

Step 3 Visualization

Cluster Timeline Timezone

Parameter
Time slicing
Node type
Links
Pruning

Setting
1990-2020 (years per slice = 1)

Keyword
Cosine
MST

Initial
database:
Web of
Science

Retrieval
type:

TS= "*"

Download
data:

"download
_.txt"

Figure 1: ,e process of literature refinement and visual analysis.

Table 1: Parameters setting in this study.

Parameter Setting
Time slicing 1990–2020 (years per slice� 1)
Node type Keyword
Links Cosine
Pruning Minimum spanning tree
Visualization Cluster view, time zone, and timeline views

Figure 2: Dual-map overlay for final document storage.
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time side, as shown in Table 3. ,e mean (year) presents
digital transformation in manufacturing industry develop-
ment that first appeared in cluster 3 (2001), then in cluster 1
(2008), and then in cluster 0 (2016), with the burst of these
three clusters consisting of different stages. ,e content of
the first stage is about constructing an information society,
the second stage is concerned with the combination of
decision-making tools, and the third stage focuses on the
performance improvement of the whole digital
transformation.

Figures 4 and 5 show the cluster results from the per-
spective of Timeline and Time zone. From the Timeline side,
it elaborates clusters with horizontal timelines. ,e color in
the center of the nodes represents the time of the literature to
be cited for the first time, whereas the exterior of the central
part represents other times of being cited, corresponding to
the color of the timeline above the pattern. ,e radius of the
nodes indicates the frequency of the literature to be cited by
others. ,e bigger the radius is, the more frequent the lit-
erature is cited. ,e key nodes are surrounded by purple
rings, connecting more than two different clusters in most
cases. ,ey are the nodes with a high centrality† degree and
frequency of being cited [5, 22].

,en, a research trend diagram was generated in a time
zone view to identify the research trend over time. ,e lines
between every ring show the connecting relationship be-
tween the two articles. ,e rings’ color represents the burst’s
hotness, and the ring’s size represents the frequency of being
cited. ,e site of each ring center stands for the publishing
time in the horizontal position.

As can be seen in Figures 4 and 5, clusters changing
trends are depicted during specific periods: “design” is
followed by “larger integrated circuit” and, then, “sustain-
able manufacturing concept evolution,” thus revealing the
digital transformation in the manufacturing industry. Based
on this initial analysis, three digital transformations in
manufacturing industry phases are identified.

,e country collaboration network is analyzed to ex-
amine the answer to “Who researches in digital transfor-
mation in the manufacturing industry?” given by Zhong
et al. [23]. We found that 71 of the publications were
contributed by teams including German researchers,

followed by teams including authors from the USA (46
publications), Italy (40 publications), and China (34
publications).

,e details are shown in Figure 6. In addition, it de-
scribes that Germany, USA, and France are active in the
country’s collaboration network with other countries/re-
gions, while the node of Italy with the higher centrality is
recently found. In general, the results point out that digital
transformation in the manufacturing industry is mainly
studied in Europe and America continents while becoming a
hotspot in many countries across the globe recently.

2.3. Life Cycle Mode-Based Technological Trajectory. We
analyzed the evolutionary stages in terms of digital trans-
formation in the manufacturing industry based on tech-
nological life cycle mode. It helps identify the research
trajectory and recognize potentials for future development
of the domain. In this stage, the content of the first stage is
about constructing an information society, the second stage
is associated with the combination of tools, and the third
stage focuses on the performance improvement of the whole
digital transformation. Based on the idea of Kuhn [24], this
study elaborates them as shown in Figure 7.

Stage I is to answer many research questions. Techno-
logical opportunities are very high in this stage. Data science
technology has brought opportunities for upgrading tradi-
tional manufacturing processes. Data-driven companies
could fully consider customer interaction, process control,
and cooperation methods, enabling modern companies to
create advantages in data-based production. Existing re-
search has paid attention to the driving role of data tech-
nology in several areas, such as promoting production
innovation, interactive identification, and flexible and agile
process. However, in this stage, it lacks research on the
integrated concern, such as methods for decision analysis,
dynamic simulation and network analysis to auto- and low-
cost operation process of inventory control, supply chain
coordination optimization, equipment resources, and hu-
man resource management under the “Everything is
Number” rule, and then formulating the “optimum” re-
sources in the production process. Hence, how digital

Table 2: Literature review of the most active citations.

Article Year Main points
Fountain [21] 2020 Novel leadership in digital information processing
Ranky et al. [20] 2003 Managing manufacturing lines and providing electronic support systems for operators
Culot et al. [19] 2000 Operationalization of industry 4.0 across multiple disciplines

Figure 3: Keyword cooccurrence and cluster results. CiteSpace configuration: LRF� 3, LBY� 10, e� 1.0, and top 50 per slice.
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technology drives production innovation is carried on to the
next stage.

Stage II focuses on the development and combination of
researchmodels and tools.,is stage generally considers two
aspects: first, mining the internal mechanism of digital
transformation towards production innovation; second,
management paradigm and digitalization. ,ese existing
researches comprehensively explore the internal mechanism
that promotes digitalization from the customer, process,
cooperation, employee, and leader levels and distinguishes
the role of different levels in the transformation of
digitalization.

Stage III contributes to a specialty, which focuses on
decision support. To approach the smart manufacturing
industry, this is a “how to be better” stage. ,e digital
transformation itself is a complex system engineering, not
just as simple as introducing advanced management tools in
the production process. Only by designing the data oper-
ation architecture and synergistically empowering from the
level of customers, processes, cooperation, employees, and
employer can enterprises realize the advantages of
digitalization.

3. Manufacturing Industry’s Digital
Transformation Trend

To promote the manufacturing industry’s digital transfor-
mation and contribute to the existing research in digital
transformation and the manufacturing industry, the IDAS
unfolds the basic keywords of current research and implies
the future research trend. In the following sections, the
research paradigm is summarized.

3.1. Importance of Information Society Construction. In the
information age, the Internet and World Wide Web have
improved collaboration and approached disintermediation
with less burdensome. Besides, designers affect enterprises
through ITs in ways that consumers prefer. To be specific, IT,
acting as a platform and tool, digitally enhances consumer,
partner, and operational agilities [25]. ,us, consumer
agility enables satisfaction improvement. Likewise, the
partner agility enables efficient cooperation and contributes

to a win-win situation, and operational agility achieves
flexibility and benefits. Table 4 reviews several articles and
illustrated the necessity of information society construction.

Recently, industry 4.0 has attracted much attention in
recent literature since it was originally initiated in Germany
in 2011. Under the high-tech push situation, several ca-
pacities are needed, including short manufacturing periods,
consumerization, flexibility, efficient cooperation, resource
sustainability, and fast decision-making procedures. Fur-
ther, extensive approaches of a technology-push information
society (IS) are identified to include autonomous
manufacturing, digitalization, and miniaturization in the
context of the “I4.0” project [35]. Faced with the extensive
approach of the “Industry 4.0” project, manufacturing in-
dustries stakeholders are thinking strategies. As we know,
digital manufacturing enables the use of advanced and
suitable ITs to transform the entire production into a more
efficient, flexible, and sustainable production process.
Hence, information society construction is the first step for
digitalization in the manufacturing industry. Additionally,
digital technologies’ fusion speeds the construction of in-
formation society.

3.2. Digital Business Strategy and Systematic Integration.
Recently, enterprises in almost all industries, especially
manufacturing industries, have made efforts to apply new
digital technologies and pursue revenue while reducing
economic costs. ,e existing IS consists of new digital
technologies, data, real-world production applications, and
employers who apply technologies to create value. Hence, it
can be concluded that IS composites not only technological
factors, but also human activities.

I4.0 built the bridge for technological advances in
manufacturing industries. I4.0 is not hype but an integrated
practice. Key technological factors include 5G, agent-based
systems, smart factories [36]. Manufacturers must get on
board as soon as possible. Long before that, Porter and
Millar [37] presented the advantage of the information in the
industrial value chain, and then Vega-Jurado et al. [38]
proved the positive relationship between technology ac-
quisition and firms’ innovative performance. Meanwhile, big
data technology improved predictive capacity, prevented

Table 3: A list of selected clusters.

Cluster ID Size Silhouette Mean (year) Label (LLR) Label (label (TF∗DF)
0 76 0.837 2016 Sustainable manufacturing concept evolution Digital transformation
1 58 0.948 2008 Larger integrated circuit Decision-making tool
3 47 1.000 2001 Design Constructing the information society

Figure 4: Cluster results with a timeline view.
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asset breakdowns, and further made the production process
more effective. Human activities help in identifying optimal
production planning based on the predefined strategy. Be-
sides, the interaction between individuals and the IS-based
management environments helps advance the performance
of leaders and employers.

Further, the combination of digital transformation and
strategy in management leads to a new term, “digital
business strategy” [39]. ,e digital transformation explores
the potentials for the application of integrated digital
technologies for factories and industries. Later, scholars have
explored the effect of big data in competitive areas, as shown
in Table 5.

It can be concluded that digital transformation strategy
is a blueprint that supports companies in governing the
transformations that arise owing to the integration of digital
technologies, as well as in their operations after a trans-
formation. Hence, leaders need to find out the new business

norm to digitally reimagine the business with a set of digital
strategies. In this way, the new competitive advantage of the
manufacturing industry can be invented.

3.3. Future of Digitalization in the Manufacturing Industry.
It is known that the industrial environment affects man-
agement, which can be defined as industrial dynamism,
competition, and munificence environment [45]. Nowadays,
organizations need to adapt to integrating these digital
technologies and leaders’ capabilities to transform processes,
attract talent, and promote new business models to compete
and fight in the digital world.

Some scholars have conducted an empirical analysis to
find customized ways to improve the construction of digital
business strategy and planning in manufacturing industries
(as shown in Table 6). Moreover, Ukko et al. [49] empirically
examined the impact of a sustainability strategy on the

Figure 5: Cluster results with time zone view.

Figure 6: Country collaboration network.
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Figure 7: Digital transformation in manufacturing industry paradigm evolution.
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relationship between a digital business strategy and financial
performance. Qrunfleh and Tarafdar [43] proposed two
strategies, “IS for efficiency” and “IS for Flexibility,” to
improve supply chain performance and firm performance.

To sum up, comprehensive integration is between
technologies choice and integration, and human resources.
Coevolution of digital and social technologies is funda-
mental. To understand how to formulate, implement, and

evaluate digital business strategies, this study directs several
questions for further exploration: (i) What forms of orga-
nization, leaders, and employees are needed to form and
cultivate and to benefit from digitalization facing different
industrial processes? (ii) What challenges and opportunities
would exist in the changing environment? (iii) What kinds
of integrated technologies, leaderships, and strategies are
needed?

Table 5: Literature review in terms of digital business strategy and systematic integration.

Articles Main points
Doll and Vonderembse
[40] Proved that IS led to the integration of computer technologies in the manufacturing industry

Merali et al. [41] Analyzed the technological advances in the manufacturing industry

Qi et al. [42] Empirically explored the collaborative strategy’s effect on lowering costs and increasing efficiency, based on
Chinese manufacturers’ data

Qrunfleh and Tarafdar
[43]

,eoretically explained and empirically examined how IS strategies can be gainfully accompanied by different
types of supply chains

Paschou et al. [44] Conducted a literature review on the nascent research area, and conceptualized and provided insights on digital
servitization

Table 6: Cases analysis and practical implications.

Articles Case description Key findings

Mahut et al. [46] Free-floating scooter sharing services
Technological changes to traditional vehicle manufacturing; and
information sharing helps to find availability provider path and

improve customers’ satisfaction

Ardolino et al. [17] Intelligent systems with remote control Illustrated the necessity of the enhancement of digital capabilities
relevant for IoT architecture and new business in “smart home”

Grubic [47] Four manufacturing companies (aerospace,
equipment, marine, and transportation)

Information and communication technologies therein vary from the
manufacturing industry to the manufacturing industry

Rymaszewska
et al. [48]

Cases in manufacturing companies (metal
processing, power generation, and distribution)

Different IoT-based solutions enable to build the product-service
systems intelligently from the perspective of new opportunities for

value creation

Table 4: Literature review in terms of information society construction.

Articles Main points

Weill and Vitale [26] Defined the contents of IT and illustrated its impact on business models, and proved the active effect of IT on
business support.

Kraemer et al. [27] Studied Dell’s case and proposed a new mechanism of IT, which helped reduce costs, update the speed of
production, and enhance the competition and attractiveness.

Zhu [3] Empirically proved the positive correlation between IT infrastructure and the e-commerce development in the
retailer sector.

Saraf et al. [28] Proved two major roles for IT on relationships between companies, that is, upstream-downstream production
processes and knowledge management.

Chryssolouris et al. [29] Discussed several technologies in the digital factory and manufacturing concepts, and supported that digital
manufacturing was beneficial for time and cost reduction, customization, quality improvement, etc.

Westerman et al. [30] Illustrated the necessity of transforming manufacturing processes through digitization and proved that the
development lifecycle is decreased by 30% after digitalization.

Hanelt et al. [31] Conducted a rigorous analysis of digital transformation for traditional physical industries, and illustrated several
barriers for digitizing automotive products.

Martin [32] Proved the enhancement of productivity in manufacturing with the growth of IT.

Ziemba [33] Empirically studied the correlation between IT adoption in enterprises and the improvement of sustainable
information society.

Castelo-Branco et al.
[34] Offered evidence about how digital infrastructure in the manufacturing sector and big data capabilities coexist.

Mobile Information Systems 7



4. Discussion

,is study explores the potential significance of adopting
digital technologies towards specific competitive dimensions
and evaluates and analyzes differences about varying
company characteristics and the conceptual framework.
Although several articles studied digital transformation in
manufacturing industries, further analysis on the sustainable
digitalization support system for manufacturing industries is
needed. Efficiency, sustainability, and international com-
petitiveness are four element aspects for the construction of
a sustainable digitalization support system. Efficiency is the
foundation of IS. ,ere are two aspects reflecting efficiency,
reducing time (such as development time and time-to-
consumers), and reducing costs (such as value chain and
manufacturing processes). What is more, there are three
characteristics for an efficiency-oriented digital transfor-
mation in manufacturing industries, including operating
processes, leadership and communication, and risk avoid-
ance. Based on the three terms, this study further rechecks
the relationship between business model innovation and
digital tactics. Wee et al. [4] tried to find out digital advances
to seek new ways to enhance internal manufacturing pro-
cesses. From the intracompany perspective, real-time IS
integrates with business processes to ensure meaningful use
[14]. From the interconnection perspective, information
flow across the whole value chain is vital, of which com-
munication efficiency enhances the data sharing process in
IS and further drives all the partners’ coordination action
[50]. Based on IT development, by taking advantage of the
information under complex real-world simulations from all
over the chain, most manufacturers can enhance efficiency
by optimizing their overall production and quality settings
while reducing assets. Also, the cost of the complexity is
expected to decline significantly through the increasing
elasticity due to the IS development that can be used
throughout the value chain [51]. In summary, when con-
sidering building a sustainable digitalization support system
for the manufacturing industry, efficiency is incorporated in
all aspects of the business model and strategy.

Sustainability is a complex and far concept. In the long
term, Lozano [52] thought that knowledge of sustainability
helps reduce current and future economic disparities, en-
vironmental degradation, and social ailments. Besides,
sustainability should be integrated into organizational goals,
internal incentives and evaluation systems, and organiza-
tional decision support systems. Finally, in terms of shaping
sustainability regulatory policies, Amini and Bienstock [1]
thought that the incorporation of economic, environmental,
and social concerns in strategic decisions and design pro-
cesses is vital.

In the digital era, manufacturing industries must decide
in real-time and predict failures in time. It is known that the
circular economy strategy benefits reducing, reusing, recy-
cling, and restoring industrial symbiosis. Besides, a digital
circular economy seems like a cornerstone of a sustainable
society [53]. However, the relation between manufacturing
sustainability and potentially future digital technologies is
not well established [54]. In other words, there is no clear

description of a sustainable digitalization support system.
,us, for the evolution of sustainable manufacturing in-
dustries, a long-term dynamic state is needed. A sustainable
digitalization support system focusing on manufacturing
considers not only specific strategy (e.g., circular strategy,
supply chain management), but also organizational struc-
ture and business models. Moreover, distinguished leaders
have access to integrate all potential digital technologies
instead of only one specific technology. For future research,
the feasibility and applicability of the digitalization support
system in manufacturing industries should have the capacity
of supporting adoption at any stages of maturity, such as
data transformation/analytics levels, resource optimization
stages, and data flow processes.

Digitalization transforms manufacturing industries’
business model design and decision-making tools from the
traditional “make-and-sell” model into a “sense-and-act”
model. Two characteristics refer to the competitive position
of manufacturing industries considering digitalization: zero
marginal cost of replicated work and zero communication
gap [55]. Moreover, there is a network governing the de-
velopment and evaluation of digital transformation strate-
gies around the competitiveness aspect. ,ese five key
dimensions include partner network, core competitiveness,
value proposition, distribution channels, and target con-
sumers. Partner network concerns on and promotes value
proposition. Core competitiveness also supports the value
proposition. In addition, developing measures to strengthen
the competitive position of the manufacturing industry by
increasing its digital competitiveness is considered an ap-
proach. Further distribution channels help deliver products
and services to target consumers. Consumers’ satisfaction
degree gives back to the value proposition and governs the
promotion of partner network and core competitiveness.

,ere are three elements for manufacturers to consider
during digital transformation, that is, business strategy, ITs
and evaluation, and promotion. In the specific imple-
mentation, we have two dimensions: one is the business
dimension, which uses IT, and the other is the cultural
delivery dimension. Building a sociotechnical system is
based on a cultural organization [56]. Value creation and
delivery across partners help enhance the efficiency and
sustainability of an industry. However, there is no guar-
anteed answer to who is in charge of digital transformation
in manufacturing industries. Digital transformation strategy
may be likely to be resisted by various divisions of a company
or partners. Hence, to counter this resistance, leadership
skills for cultural delivery are necessary and required for the
coordination across partners.

,e technical aspect is essential for the sustainable
digitalization support system. Digital technology reduces
cycle times of innovation. Chapman and Kihn [57] proved
the positive influence of IT integration on financial per-
formance. Maiga et al. [58] suggested that manufacturing
industries would reap financial benefits by investing in cost
control systems and IT integration. Digital technological
integration leads to a sustainable digitalization support
system. For example, “5G+ Industrial Internet” has been
applied to 37 key industries of the national economy, such as
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raw materials and equipment manufacturing. ,e applica-
tion scenario is extending from peripheral links such as sales
and logistics to internal links such as research and devel-
opment, production control, and quality monitor [59]. It is
considered as one of the necessary conditions for a country
to form a new development pattern and effectively promote
the high-quality development of the manufacturing indus-
try. Intelligent manufacturing realizes the advanced pro-
duction mode that utilizes artificial intelligence, 5G,
blockchain, VR/AR, and other new-generation information
technology to deeply integrate with advancedmanufacturing
technology, aiming to improve the quality and core com-
petitiveness of the manufacturing industry.

In industries, there are three dimensions for perfor-
mance evaluation, that is, efficiency, sustainability, and
competitiveness. Digitalization is involved in several steps
from input to production and output. Input considers hu-
man resources, digital technology, and communication.
Production refers to intracompany manufacturing and in-
tercompany production. Output is considered as digital
services and products selling to the market. In the future,
performance quantification is fundamental. Besides, the
impact of moderators, such as who takes charge of digital
transformation, and the integration degree of digital tech-
nologies, should be studied.

In a word, digital transformation and evaluation are a
closed cycle, which should be investigated comprehensively.
With better management, manufacturers can reduce pro-
duction cost and time, enhance partners’ communication
across the life cycle, and achieve sustainability.

5. Conclusions

,e digital economy has been reshaping the world
economy, behind which the digital technology integration
pushes it to be applied to more industries. Many countries
have made efforts for the improvement of digitalization
speed in the manufacturing industry. However, there were
several challenges in the context of digitalization, which
were mainly concluded as enterprises’ culture change and
employees’ management, and technological advances and
choices. Hence, to secure digital transformation in the
manufacturing industry in the future, it is needed to build
a sustainable digitalization support system, facing com-
plex manufacturing processes due to different industrial
tasks in different regions. ,is study explores the trend of
digital transformation in manufacturing industries with
the help of an integrated data analysis system, which
includes data collection, data analysis, and visualization
processes. ,e dual-map overlay, keywords clusters,
Timeline, and Time zone views were visualized to locate
the research trend with the three main aspects: design,
larger integrated circuit, and sustainable manufacturing
concept evolution. Moreover, in response to sustainable
development, a system considering business policies and
cultural delivery, technical integration, and partner par-
ticipation and evaluation is established, which could deal
with complex industrial processes due to diverse indus-
trial tasks in different regions. For further performance

evaluation, efficiency, sustainability, and competitiveness
were proposed and can be quantified in the future for
performance improvement.
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