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Preface

ICMSEM is an international academic research cooperation and scientific research
achievement exchange conference platform. Over 362 papers from 30 countries
were received, and 115 papers from 25 countries, Australia, Belgium, Canada,
China, Egypt, France, India, Iran, Italy, Japan, Kuwait, Melbourne, Moldova,
Morocco, Multan, Pakistan, Russia, Spain, Thailand, Turkey, the UK, Ukraine, the
USA, and Wales, were accepted for presentation or poster display. Many authors
have been involved in international academic research collaborations, with 54 of the
accepted papers being co-authored by academics from different countries. Each
accepted paper was reviewed by three reviewers, who when necessary have pro-
vided revision advice to ensure the conference proceedings is of very high quality,
as also evidenced by ICMSEM’s active promotion of international academic
exchanges and disciplinary development. The proceedings papers have been clas-
sified into six sections: dynamic analysis; machine learning; supply chain man-
agement; operations management; environmental management; and health and
hygiene. The key issues at the sixteenth ICMSEM cover many popular topics, on
which experts have been invited to give the keynote speeches. Based on the pro-
ceedings divisions, the conference has established six parallel sessions, in which
experts from the University of Melbourne, Imperial College London, the University
of Castilla-La Mancha (UCLM), the University of Southern California, the
University of Michigan, Huazhong University of Science and Technology, the
Karlsruhe Institute of Technology, and other related institutions have been invited
to preside over. The parallel sessions provide a chance for scholars in the same
fields to discuss their research, evaluate and promote each other’s work, share
frontier research developments, and innovate for future scientific research.
ICMSEM is committed to promoting innovative management science (MS) and
engineering management (EM) academic research and development. Every year,
renowned experts are invited to deliver the “Developments in Management Science
and Engineering—Perspectives from Scientific Journal Report” forum, at which the
innovations in Management Science in Engineering journals are discussed.
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To further encourage Management Science and Engineering Management
state-of-the-art research, ISMSEM awards papers that have made outstanding
contributions, which are then included in the IIMSEM journal. ICMSEM is con-
stantly innovating to improve its international conference platform. COVID-19 has
brought many unknown challenges to the global community, for which researchers
have proposed many innovative theories, methods, and policies for epidemic,
social, and economic management; therefore, this year, ICMSEM has a special
forum on “International frontiers in COVID-19 research and innovation.”

We would like to take this opportunity to thank the participants, all of whom
have worked hard to ensure this conference was a success. We want to express our
sincere gratitude to the following prestigious academies and institutions for their
high-quality papers and ongoing support for ICMSEM: the Azerbaijan Academy of
Sciences, Azerbaijan; the Academy of Sciences from the Republic of Uzbekistan,
Uzbekistan; the Fuzzy Logic Systems Institute, Tokyo University of Science,
Japan; Brock University, Canada; the Moldova Academy of Sciences, Moldova; the
University of Castilla-La Mancha (UCLM), Spain; the University of Belgrade,
Serbia; the Russian Academy of Sciences, Russia; Gazi University, Turkey; and
Sichuan University, China. We would also like to acknowledge the assistance
received from the International Society of Management Science and Engineering
Management (ISMSEM), Gazi University, and Sichuan University in organizing
this conference. We also appreciate the “Lecture Notes on Data Engineering and
Communications Technologies” from Springer for the publication of the proceed-
ings. We are grateful to Professor Fulya Altiparmak as the general chair, and Prof.
Mehmet Kabak, Prof. Selcuk Kursat Isleyen, and Assoc. Prof. Gul Didem Batur Sir
as the organizing committee chairs. We appreciate the support received from all
members of the organizing committee, the local arrangement committee, and the
program committee, as well as all participants. Finally, we would like to thank all
authors for their excellent conference papers, which have significant educational
and research value. Conference papers and recommendations can also serve as
guiding materials for the administration and management of institutes and enter-
prises to encourage innovative, scientific business projects and draft or amend
relevant policies.

Many new MSEM development trends have emerged, and more innovative
development activity needs to be encouraged. Next year, we plan to continue
ICMSEM and hope to further improve the quality of the proceedings and recom-
mend additional papers for the ISMSEM Advancement Prize. We sincerely hope
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you can submit your new MSEM findings and share your great ideas in Ankara,
Turkey, in 2022.

August 2022 Jiuping Xu
Fulya Altiparmak

Mohamed Hag Ali Hassan

Fausto Pedro Garcia Marquez

Asaf Hajiyev
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Abstract. Management Science and Engineering Management (MSEM)
is a consolidated management theory and management practice that is
focused on the study of management theories, methods, and tools for the
development of modern production, management, science and technology,
the economy, and society. This paper begins with an introduction to the
primary notions discussed in Volume II of the 16th ICMSEM Proceed-
ings, followed by a brief review of engineering management (EM) research.
Then, the hot research topics; “Enterprise Resource Planning”, “Environ-
mental Management” and “Health and Hygiene” are identified based on
research reviews and bibliometrics and the popular studies in each research
area are discussed. Lastly, CiteSpace, a scientific literature analysis tool, is
used to summarize the EM and ICMSEM trends. ICMSEM is committed
to providing an innovative international forum for management science
and engineering management researchers and practitioners.

Keywords: Enterprise Resource Planning - Environmental
management - Health and Hygiene

1 Introduction

Management Science and Engineering Management (MSEM) is the decision-
making and organizational implementation of operations management, organi-
zational management, and technical management with its disciplinary manage-
ment science and engineering system being based on theoretical knowledge of the
discipline and wisdom from other fields [14]. The critical information provided
by MSEM researchers promotes new scientific research and improves the field’s
capacity, efficiency, and productivity.

With the rapid development of science and technology and the improvement
in people’s living standards, there has been a deepening of knowledge in the man-
agement science and engineering disciplines. Management science and engineer-
ing are also widely used in other industrial engineering fields, such as production

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
J. Xu et al. (Eds.): ICMSEM 2022, LNDECT 145, pp. 1-12, 2022.
https://doi.org/10.1007/978-3-031-10385-8_1
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planning management, technical decision-making, financial management, sys-
tems design, management services, system optimization, control management
and other related fields [23]. Engineering management (EM) is the application
of management practice to the engineering practice that brings together techno-
logical problem-solving and organizational, administrative, legal, and planning
management to enhance the operational performance of complex engineering-
driven enterprises [6]. Therefore, the analysis of EM research developments and
the identification of its priorities and trends is of significant interest.

In this paper, Sect.2 provides a literature review on the key three areas,
Sect.3 presents the core themes discussed in Proceedings Volume II; enter-
prise resource planning, environmental management, and health and hygiene.
Section4 evaluates EM and ICMSEM foreground, and Sect.5 concludes this
paper. The technical route for this paper is shown in Fig. 1.

Literature ””'Il"' Core Themes in the ||”|||||' Evaluation of EM and
review Proceedings Volume II ICMSEM Foreground
N T 1
Enterprise 'Performance, value, innovation!
Resource Planning . I
[ D ]
@ ' CSR !
| Ry 1
r | D ]
Environmental i Pollution, Location-Routing !
Management | Le--m----lolosooooo_oo 0
jpybybblllhyflybybykyiot
| | Multi-Objective !
g S
\m-------ZIIZZIZZZIIIC
Health and Hygiene ‘ H Health care i
T K
Parameter setting ) Visualization and analysis
=(Engineering M A
$::r:a;:;9gg_l;;;l;g anagement) i |> Co-occurring keywords analy?is . Timeline view
! Streamline document: ; Cluster analysis Timezone view i
|_ Article + Proceedings + Review | ' v Mutation value detection /

Fig. 1. Framework of the structure of proceeding Volume II

2 Literature Review

To better analyze the related research areas and research directions, the most
popular research areas in recent EM researches were reviewed. The most widely
discussed areas in recent years have been enterprise resource planning, environ-
mental management, and health and hygiene.

2.1 Enterprise Resource Planning

An Enterprise Resource Planning (ERP) system is a business management sys-
tem that comprises an integrated, comprehensive set of software that when suc-
cessfully implemented can be used to manage and integrate all business functions
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within an organization. ERP systems are the core of the organization as many
organizations need to integrate their enterprise-wide functions, such as account-
ing, sales and order management, customer relationship management (CRM),
and supply chain management (SCM) [12]. The emergence and development of
cloud computing have promoted the rapid development of ERP. Consequently,
many companies have been pursuing a postmodern ERP strategy that offers
best-in-class cloud solutions [19]. The emergence of cloud-based ERP in the mid-
2000s has changed the way systems are provided, acquired, implemented, used,
maintained, developed, and even retired [3]. Picture 2-tuple linguistic aggrega-
tion operators have been applied to multi-attribute decision-making problems in
enterprise resource planning systems [20]. For example, Islam et al. used neural
networks and linear regression to develop prediction-based resource measure-
ment and provisioning strategies, with the and experimental results showing
that the proposed technique provided more adaptive resource management for
cloud-hosted applications and can be an important mechanism for achieving on-
demand resource allocation [10]. The 21st century had seen digital innovations
such as Robotic Process Automation (RPA) and Artificial Intelligence (AI). In
the future, ERP systems are expected to adopt more digital innovations such as
RPA and AI [12].

2.2 Environmental Management

Environmental issues, such as climate change, resource abuse, air pollution, and
water pollution have meant that companies now need to focus on environmental
management and integrate environmental foci into their corporate and compet-
itive strategies [9]. Therefore, the relationship between environmental practices,
such as environmental management systems and core competencies, has received
academic and practitioner attention, generating important debates on environ-
mental management and corporate competitiveness [4,21]. Based on the inte-
gration of previous studies, Albertini conducted a meta-analysis of 52 studies
over 35 years and confirmed that there was a positive relationship between envi-
ronmental and financial performances [1]. Environmental management is based
on an understanding of the environment. By integrating a spatial analysis of
geographic information system (GIS) methods and multi-criteria decision anal-
ysis (MCDA), He et al. constructed a general ecological vulnerability index to
describe the vulnerability status of ecological hotspots in China [8]. Environ-
mental management needs to start from the pollution source. Muhammad et al.
used nonlinear model robustness to demonstrate that positive transport shocks
increase carbon emissions [17]. Developments in artificial intelligence have pro-
vided better environmental degradation monitoring and treatment. Hafiz et al.
presented a holistic model that used a hybrid forest fire assessment and miti-
gation approach that integrated geographic information systems (GIS), remote
sensing, and unmanned aerial vehicle (UAV) observations to assist local disaster
management authorities to assess bushfire hazards and develop response plans
[13]. The current algorithms could be complemented by additional research to
ensure the scientificity and effectiveness of environmental management.
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2.3 Health and Hygiene

The World Health Organization (WHO) offers this interpretation of health man-
agement that has goals beyond biomedical understanding, and the absence of
disease, that is, person’s health is a comprehensive state of social, mental, and
physical well-being [18]. Issues associated with social health security have been
elevated to national security because the health of a country has become one
of the most important indicators of national capabilities [11]. Consequently,
health management attracted significant research attention. Covid-19, a previ-
ously unknown respiratory disease caused by the Coronavirus SARS-COV-21,2,
has had serious global health and socio-economic consequences [15]. As with
previous outbreaks and epidemics, controlling the spread of Covid-19 depends
on detection, the isolation of infected groups, and the implementation of com-
munity programs. Many COVID-19 diagnostics now rely on deep learning (DL)
algorithms and associated adversarial examples (AEs). Diagnostics tests have
shown that DL defense models that do not consider adversarial perturbations
are still vulnerable to adversarial attacks [15]. Similarly, for other health prob-
lems, management science is needed. Mobile-medical-based systems use data
decision-making and wireless network communications to assist the elderly in
implementing telemedicine services and a deep learning model combined with
sparse autoencoder (CSAE) in the decision module has also been proposed.
CSAE has been found to outperform other algorithms in single-patient predic-
tions with a more than 10% higher accuracy than other algorithms [22]. When
there are limited medical resources, medical advances can assist both physicians
and patients.

3 Core Themes in Proceedings Volume II

The summary review identified that the focus areas in volume II of the Proceed-
ings; enterprise resource planning, environmental management, and health and
hygiene; were closely related to sustainable human society development.

The enterprise economy is an important part of the national economy; there-
fore, good enterprise resources management can conserve societal resources and
create national wealth, which means that strengthening enterprise resource man-
agement (ERM) is vital for enterprise and national growth. In this volume, sev-
eral studies have noted the value that modern firms place on corporate social
responsibility (CSR). For example, Li et al. examined the relationship between
the quality of CSR disclosure and finance constraints, finding that the higher
the CSR disclosure quality, the lower the level of financing constraints. Peng et
al. found that the formulation and implementation of sustainable management
plans and the maintenance of social and public interests were directly conducive
to improvements in corporate value, and improvements in corporate reputation
and the recognition of stakeholders indirectly promoted improvements in cor-
porate value. Innovation is always the best way for an enterprise to maintain
vitality and build core competitiveness. Duca et al. emphasized the need to
increase the key performance indicators of the research and development (R&D)
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sector and scientific development in the Republic of Moldova as synchronization
of management and creativity are the key to the development of knowledge. The
main enterprise management resources, such as customer relationships, enter-
prise brand resources, intellectual property and other knowledge resources, and
corporate image can be transformed into intangible enterprise assets, with the
main goal of enterprise management being to maximize the enterprise value.

Environmental management began in the early 1970s and has gradually
developed into a discipline. Because of the need to focus on sustainability,
national governments and scientific research have been paying greater atten-
tion to ecology, energy, and the industrial environment. Research on natural
resources has always been at the forefront of environmental management. Hu
et al. conducted a bibliometric analysis of international river water ecological
governance and found that the challenges, models, and benefits coordination of
river ecological governance were the key concerns. Using coal as the main energy
source for industrial production has greatly increased C'O5 emissions; therefore,
there is still significant research being conducted into carbon emissions. Shu et
al. Established a multi-objective optimal quota allocation model based on equi-
librium strategy, comprehensively considered the economic and environmental
issues at the coal mine level, and proposed a coal production quota allocation
mechanism. Zheng et al. took the Jiuzhaigou earthquake as an example and
constructed a cooperative relationship network between the disaster emergency
response partners in the process and then used social network analysis meth-
ods to analyze the cooperative relationship network efficiencies. Studies on the
sectoral industrial environment can also be found in this volume.

Maslow’s Hierarchy of Needs states that physiological needs need to be guar-
anteed first after which people seek to satisfy their psychological needs. Health
and hygiene research has received more attention in the context of the Covid-19
pandemic, with many studies having investigated the factors that may make peo-
ple more susceptible to the infection. Due to uncertainties in the data obtained
from the centers for disease control and prevention (CDCP), Dengiz and Atalay
utilized a hesitant fuzzy linear regression (HFLR) model with input and output
variables as hesitant fuzzy elements (HFE) to estimate the number of COVID-19
deaths, which in turn was used to determine the effects of the selected variables
on the COVID-19 deaths. Studies have also been conducted on the location of
Covid-19 facilities and Covid-19 emergency management. Besides the concerns
about physical health and hygiene, researchers have also been examining human
mental health. Sha and Long used an interdisciplinary thinking model to propose
a tourism therapy concept to quantify the effects of seasonal tourism activities
on the health of depressed tourists. The dynamic requirements of traditional
Chinese medicine (TCM) practice have also prompted researchers to examine
TCM’s differentiated knowledge system, which is detailed in the “Health and
Hygiene” section of this volume.
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4 Evaluation of EM and ICMSEM Foreground

To visualize and analyze the trends and patterns in the current research in
MSEM journals, the EM and ICMSEM research was examined using CiteSpace,
a tool for progressive knowledge domain visualization that focuses on finding
critical points in the development of a field or a domain, and especially the
intellectual pivotal points and pivotal points [5].

4.1 EM Movements

CiteSpace visual analysis draws various knowledge graphs using node size, net-
work connectivity, and keyword co-occurrence to reveal the research trends
within a field [7]. The Web of Science (WOS) core set was the data source as it is
the largest scholarly journal network. The dataset search was ((T'S = (engineering
management)) AND PY = (1990-2022)) AND AK = (engineering management),
with the category set to paper and review so that nonacademic papers such as
reports and proceedings were ignored, from which 3,623 articles were identified.
The following parameters were used in CiteSpace: (1) time slice from 1990 to
2022 and year per slice=1; (2) term source = title, abstract, author keywords,
keywords plus; (3) node type = keywords; (4) pruning = pathfinder; and (5)
the scale factor was set at k=25. After running CiteSpace, the co-occurrence
keyword network was output as Fig. 2, after which “find cluster” -“find keyword
cluster”, and keyword clustering was adopted.

Proceedings Volume I is focused on management science (MS) and its future
development trends, and Volume IT is focused on engineering management (EM).
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Fig. 2. Keywords co-occurrence network of EM
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EM is a broad field that covers a wide range of technical and managerial top-
ics. An important resource is the Engineering Management Body of Knowledge
(EMBoK) [16]. As shown in Fig.3 and Table1, in recent years, the EM theme
has been widely distributed across many fields, such as management, resource
management, project management, big data, risk management, technological
innovation, and environmental management, with enterprise resource planning,
environmental management, and health management being the three main clus-
ters. These three core emerging areas were discussed in the literature review;
however, because of the multi-dimensional nature of the field, it was difficult to
distinguish specific topics across broad domains.

Table 1. Summarization of top 10 clusters

Cluster ID | Size | Silhouette | Year | Label

0 183 | 0.637 2004 | Knowledge management

1 149 | 0.690 2010 | Technological innovation

2 78 10.854 2011 | Environmental management
3 77 10.787 2009 | Enterprise resource planning
4 66 | 0.787 2007 | Health management

5 64 | 0.769 2007 | Environmental science

6 63 | 0.838 2011 | Risk management

7 62 | 0.819 2007 | Big data

8 61 [0.912 2002 | Management

9 30 10.934 2009 | Climate change

risk management

Fig. 3. Keywords clustering diagram in EM



8 J. Xu

4.2 Foreground for EM

The statistics from the 3,623 papers recorded output were saved and converted
into CiteSpace, which transformed the data into a format that could be identified
by the software to allow for parameter selection. In this operation, the time span
was set from 1990 to 2022 with the time slice set at one year and the theme
selection based on the titles, abstract subject words, identifiers, and keywords to
allow for node selection. Then, each zone with the highest keyword records was
clustered and analyzed, from which a map was drawn for the minimum spanning
tree.

Figure 4 gives a timezone view of the EM research. Each circle in the figure
represents a keyword, which is the year it first appeared in the dataset. When
a keyword was identified, it was set in the year it occurred. As can be seen,
the larger circles occurred in the early stages of the EM development, which
indicated that the research in these areas had continued to expand. The key-
word timezone diagram in Fig.4 shows that the research was initially focused
on the basic project management scope. From 1995 to 2000, system and knowl-
edge management began to appear, and in the 21st century, the research field
gradually broadened and many emerging research directions emerged to include
research involving simulation, machine learning, health, cost, and climate. As
climate change and environmental pollution became more critical global issues,
researchers from various fields and environmental monitoring and environmental
engineers have begun leading the way in the field of environmental management
and health management. The development of an ideal environment has become
a primary prerequisite, and later economic construction requires a renewed focus

Fig. 4. The timezone view of research on EM
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Top 20 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 1990 - 2022
concurrent engineering 1990 347 1990 2006
business process re-engineering 1990 12.88 1996 2007 ——
product data management 1990  5.69 1996 2002 ——
innovation 1990 443 1999 2002 —
firm 1990 4.37 1999 2016
knowledge management 1990 2041 2000 2012 —
project management 1990 5.64 2003 2008 ——
information management 1990 474 2003 2006 —
product 1990 577 2008 2013 —
information system 1990 455 2013 2017 —
climate change 1990  6.64 2016 2019 —
risk analysis 1990 524 2018 2020 —
asset management 1990 3.8 2018 2020 —
environmental management 1990 5.72 2019 2020 J—
environmental pollution 1990 541 2019 2020 —
big data 1990 4.77 2019 2022 —
resource management 1990  12.82 2020 2022 —
machine learning 1990 7.72 2020 2022 —
technological innovation 1990 612 2020 2022 —
prognostics and health management 1990 571 2020 2022 —

Fig. 5. Top 20 keywords with the strongest citation bursts for EM

on socio-economic construction and the optimum allocation of resources across
all economic entities; therefore, the emergence of focused resource management
research can ensure that enterprise resources are not over-allocated across mul-
tiple projects. EM is experiencing constant change, with improvements related
to human existence being the main focus of recent research.

The analysis of the relevant keywords in Citespace identified the top 30 high-
frequency keywords from the 986 keywords, as shown in Table 2, which indicated
the primary research foci. Volume II of the 16th ICMSEM Proceedings reflect
these critical recent research areas, as we summarize the three themes and their
related research directions as follows: enterprise resource planning, which encom-
passes firm, innovation, product development, strategy, resource management,
project and people management; environment management, which encompasses
climate change, ecosystem engineer, and environmental pollution; and health
and hygiene, which encompasses health care, regenerative medicine, artificial
organs, prognostics, and health management. From Table 2, it can be seen that
EM research has begun to move from a focus on benefits to a focus on survival
and sustainability.

The identification and tracking of research fronts provide knowledge on the
latest evolutions in disciplinary research, predict developments in research fields,



10 J. Xu

Table 2. The top thirty central keywords of EM

Frequency | Centrality | Year | Keywords
290 0.16 1997 | Management
281 0.09 1996 | System
281 0.11 2000 | Resource management
257 0.13 2016 | Health care
251 0.07 1993 | Machine learning
196 0.05 2003 | Sustainable development
185 0.07 2003 | Environment management
165 0.11 1999 | Innovation
157 0.09 1998 | Product development
147 0.04 2016 | Human resource management
124 0.04 1998 | Climate change
98 0.04 2000 | Information
83 0.07 2007 | Strategy
87 0.02 1999 | Firm
83 0.05 2000 | Knowledge management
79 0.04 2019 | Environmental pollution
74 0.04 2002 | Ecological engineering
72 0.02 1991 | Regenerative medicine
72 0.01 2010 | Governance
68 0.05 2010 | Challenge
67 0.11 2006 | Project and people management
65 0.05 2012 | Sustainability science
64 0.04 2007 | Artificial organs
60 0.03 2008 | Cost
60 0.07 2007 | Ecosystem engineer
59 0.01 2015 | Clinical engineer
58 0.03 2020 | Prognostics and health management
56 0.03 2018 | Big data
53 0.02 2012 | Artificial neural network
53 0.03 2003 | Support

and identify issues that need further exploration. The identification of frontiers
involves an analysis of the number of occurrences of words or phrases in recent
research [2]. Therefore, compared with traditional high-frequency keyword anal-
ysis, emergent topics are more suitable when seeking to detect emerging trends
and sudden changes in disciplinary development. Emerging word detection tech-
nology and algorithms examine the time-frequency distribution of keywords to
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detect the topic words that have a high-frequency change rate. The data were
exported into Citespace and the top 20 keywords with the strongest citation
bursts in the field of EM research were identified.

Figure4, Fig. 5, and Table 2 show that research focused on the firm had been
the main focus since 1999, but more recently, the research on enterprise resource
management has become more innovative. In 2016, climate change began to
attract significant research attention, and in 2019, environmental management
and environmental pollution became research hotspots area. Due to the signif-
icant impact of the global pandemic, prognostics and health management have
become more recent research foci.

5 Conclusion

EM is a broad field that covers a wide range of technical and managerial topics.
In recent years, EM research had widened its diverse knowledge base and hot
topics, and constructing, with many advanced research concepts and methods
having been developed. The development of modern EM needs to be guided by
new, relevant theories; therefore, ICMSEM is focused on advancing EM devel-
opment hand in hand with MSEM scholars. As intelligence and informatization
are closely related to the future of EM, it is necessary to encourage innovation
and cross-disciplinary research to find solutions to areas of social concern. ICM-
SEM will continue to identify the frontier issues and lead development in EM, as
EM topics such as the environment, health, information system, artificial intel-
ligence, big data, etc. are expected to continue to be the mainstream research in
EM foci in the coming decades.
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