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Abstract. This research focuses on the construction and application of a virtual
practice teaching system for the course "Ocean Engineering Project Manage-
ment," driven by digital intelligence empowerment. Against the backdrop of ed-
ucational digitalization, the study addresses the limitations of existing teaching
methods by integrating digital-intelligent technologies, such as digital twins, Al
simulation, big data analytics, and cloud computing—into teaching practices. A
project-based teaching system that deeply integrates workshop and digital-intel-
ligent approaches is proposed, establishing a multi-level practical teaching plat-
form. The system enhances the connection between professional knowledge and
engineering practice, cultivates students' core competencies in intelligent man-
agement and collaborative decision-making, and strengthens their awareness of
maritime power strategy and engineering ethics. Additionally, a data-driven,
multi-stakeholder evaluation mechanism is introduced to comprehensively assess
students' abilities. The study also develops digital teaching resources and sup-
ports faculty capacity building, providing a replicable model for the reform of
engineering education in the digital intelligence era.

Keywords: Ocean Engineering Project Management, Digital Intelligence Em-
powerment, Virtual Practice Teaching, Digital Twin, Teaching Reform

Introduction

Analysis of the Current State of Research

Digital and intelligent empowerment in teaching research focuses on upgrading teach-
ing environments and auxiliary tools. It applies technologies such as the Internet of
Things, cloud computing, big data, artificial intelligence, and mobile Internet to the
construction of smart teaching, connecting the entire process of teaching design, imple-
mentation, and evaluation. It promotes the variant transformation of disciplinary para-
digms, effectively realizes the reform of teaching methods through the research and
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practice of new teaching models, enhances teachers' digital application capabilities in
education, and facilitates students' deep learning and personalized learning.

With the advent of the digital and intelligent era, the teaching methods required for
the course "Ocean Engineering Project Management" have undergone profound
changes[1]. Relying on digital twin technology to build high-fidelity ocean engineering
scenarios, the full-process immersive teaching method for ocean engineering project
management is realized through dynamic data-driven (changes in progress, cost, and
resources), multi-role collaborative interaction (online decision-making by owners,
shipyards, and suppliers), and an Al risk simulation engine[2].

However, existing research is limited to the analysis of single links and does not
cover the entire life cycle of ocean engineering projects[3]. Therefore, exploring the
virtual practical teaching system of ocean engineering project management driven by
digital and intelligent empowerment aims to provide theoretical support and practical
paths for the digital and intelligent empowerment of university teaching services[4].

Current relevant teaching platforms fail to realize full-life-cycle collaborative man-
agement simulation from project initiation to delivery; lacking quantifiable risk random
triggering function and data automatic collection for formative evaluation, which be-
comes the core motivation of this research.

1.2 Research Significance and Implications

1) It helps achieve the in-depth integration of curricula with digital and intelligent tech-
nologies, establish a closed-loop teaching model covering "theory-virtual deduction-
management decision-making," and solve the practical dilemma that traditional offline
teaching cannot launch large-scale full-cycle project training due to ultra-high construc-
tion cost and unpredictable safety risk of real marine projects deepen students' skill
transfer in the full-cycle digital management and control of ocean engineering projects
through dynamic twin platforms.

2) It helps cultivate students' core skills in intelligent management, trains them to
master three key capabilities—data-driven resource coordination and optimization,
multi-objective dynamic decision-making, and uncertain risk deduction—and strength-
ens their systematic management literacy in complex ocean engineering scenarios.

3) Establish a dedicated digital and intelligent resource hub for the course, and de-
velop a parameterized ocean engineering management case library (covering offshore
platform project planning and implementation, risk management, etc.).

4) Promote the capacity transformation of the teaching team, enable teachers to mas-
ter new skills such as virtual project management training design, dynamic data teach-
ing analysis, and intelligent evaluation tool development, and empower the continuous
iteration of curriculum teaching reform.
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2 Research Subjects and Content

2.1 Establish Reform Measures for Teaching Methods

Project-Based Teaching System Integrating Workshop and Digital-Intelligent Ap-
proaches.

To address the long-standing challenges in the teaching of the traditional Naval Ar-
chitecture and Ocean Engineering program, such as the disconnect between theory and
practice and the lag of technological application behind industrial development. This
paper constructs a three-dimensional teaching system for the course "Ocean Engineer-
ing Project Management" featuring "workshop-based scenario carrying, digital-intelli-
gent tool empowerment and project-driven task motivation." Relying on a cluster of
high-fidelity practical workshops, including core scenarios such as the full-process sim-
ulation workshop for digital twin shipyards, the intelligent supply chain collaborative
management training module, and the marine structure operation and maintenance sim-
ulation center, the system fully introduces an industrial-grade matrix of digital and in-
telligent tools. These tools encompass the ocean engineering structure parametric de-
sign platform, the full-lifecycle digital twin management system, the ocean engineering
big data analysis platform, and the intelligent simulation analysis suite, creating a multi-
level learning platform that ranges from basic training to comprehensive innovation[5].

Taking 12000TEU container ship newbuilding as standard teaching case, students
are divided into 6-person groups with differentiated posts: shipowner, design institute,
shipyard, component supplier, supervision bureau and maritime administration. The
whole teaching task is split into six standardized phases: project approval, preliminary
design, detailed design, site construction management, completion acceptance and
post-project evaluation. During construction simulation, the built-in Al engine ran-
domly inserts practical abnormal incidents including raw material price surge, typhoon
shutdown and component unqualified defects, requiring groups to revise schedule and
cost scheme within limited operation time; digital twin module synchronically feeds
back the consequence of decision adjustment.

Through immersive teaching integrating virtual and physical elements, students
master core theories such as structural mechanics of naval architecture and ocean engi-
neering, and design principles of ships and offshore platforms. Simultaneously, basic
operation training of digital-intelligent tools is conducted to ensure proficient use of
design software for 3D modeling and parametric adjustment. Taking typical ocean en-
gineering scenarios as carriers, the focus is on training student core skills, such as using
intelligent design software for structural optimization, leveraging simulation analysis
systems for wind and wave load simulation and performance verification, and conduct-
ing fault diagnosis and early warning through intelligent operation and maintenance
platforms.

Through this system, students not only systematically grasp core knowledge in ocean
engineering project management—including scope management, schedule control, cost
accounting, and quality control—but also deeply practice the application logic of digi-
tal-intelligent technologies in engineering fields. They use big data analysis tools to
mine fault patterns from operation and maintenance data, optimizing preventive
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maintenance strategies. Ultimately, the system achieves the in-depth integration of pro-
fessional knowledge and digital-intelligent technologies, significantly enhancing the
job adaptability in emerging industries such as intelligent ships, ocean engineering
equipment manufacturing, and offshore wind power, as well as their ability to innova-
tively solve complex engineering problems.

In-Depth Integration of Curriculum Ideology and Politics Empowered by Digital-
Intelligence.

Based on the industrial attribute of ocean engineering as a "national strategic pillar,"
we first clarify the three-dimensional value orientation in the teaching objective system:
strengthening the awareness of building a maritime power at the national strategic level,
implanting the concept of green and low-carbon development at the industrial develop-
ment level, and consolidating the bottom line of engineering ethics at the professional
literacy level. These value objectives are deeply coupled with digital-intelligent teach-
ing links, forming a new paradigm of ideological and political teaching characterized
by "intelligent scenario penetration, data-driven deduction and dynamic feedback en-
hancement."

For example, in the digital twin shipyard workshop, digital models of "national stra-
tegic pillars" such as China's independently developed large cruise ships and deep-sea
drilling platforms are embedded, allowing students to intuitively perceive the develop-
ment history and technological breakthroughs of China's ocean engineering industry
through design comparisons. In the supply chain management module, simulation tasks
such as logistics support for polar scientific research materials are set to guide students
to reflect on the supporting role of ocean engineering technology in national strategies.

For instance, the big data analysis platform is used to present data on the impact of
different ocean engineering schemes on the marine ecological environment, and stu-
dents are organized to debate around "the balance between technological optimization
and ecological protection". The intelligent decision-making system simulates scenarios
of safety risk trade-offs in engineering construction, strengthening the engineering eth-
ics awareness of safety of the students. By analyzing data such as students' scheme
choices, team collaboration performance, and ethical debate speeches in project tasks,
a personalized I&P literacy assessment report is generated. An online test question bank
is designed for core values such as the awareness of building a maritime power and the
concept of green development, and dynamic assessment is conducted in combination
with project practice performance.

Through this integrated model, the integration of professional skill training and value
guidance is achieved. In the process of using digital-intelligent technologies to solve
practical ocean engineering problems, students not only improve their technical capa-
bilities but also deeply understand the national mission and social responsibility of the
ocean engineering major, and establish the professional belief of serving the country
through technology and pursuing green development[6].
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Data-Driven Diversified and Multi-Stakeholder Assessment System.

To break through the limitations of traditional teaching evaluation, such as "priori-
tizing results over processes" and "valuing knowledge over capabilities," a data-driven,
multi-dimensional, and multi-stakeholder assessment system centered on "competency
achievement" is constructed to achieve comprehensive and accurate evaluation of stu-
dents' comprehensive literacy. Supported by a digital-intelligent assessment platform,
the system integrates three core modules: process data collection, multi-dimensional
competency analysis, and multi-evaluator participation, covering all process compe-
tency dimensions of ocean engineering project management.

The digital-intelligent platform automatically collects students' design scheme data,
simulation result data, modification and iteration records, etc. By comparing industry
standards and excellent cases through pre-set algorithm models, it generates compe-
tency achievement analysis reports. Quarterly phased scheme optimization tests based
on the platform are conducted, setting complex scenarios such as "ocean engineering
emergency fault handling" and "economic optimization of design schemes." The plat-
form records real-time process data of students using digital-intelligent tools to solve
problems, evaluating their emergency response capabilities and technical application
abilities. For team collaboration tasks, a team collaboration behavior analysis module
is developed to objectively assess students' teamwork and leadership skills by recording
data such as task allocation, communication frequency, and contribution degree of team
members.

To strengthen the feedback and improvement functions of evaluation, the digital-
intelligent assessment platform generates personalized learning diagnosis reports and
pushes targeted training resources for students' weaknesses in each link. A linkage
mechanism between evaluation results and teaching improvement is established: by an-
alyzing the competency achievement data of all students, teaching content and training
scenarios are optimized. Through this system, a closed-loop management of "promot-
ing learning through evaluation and improving teaching through evaluation" is realized,
comprehensively enhancing students' comprehensive literacy and post competitive-
ness[7,8].

2.2 Establish Innovative Teaching Concepts

Digital-Intelligent Driven and Student-Centered Teaching Framework.

In the Ocean Engineering Project Management course, student development is taken
as the core, and precise grasp of students' learning status and needs is achieved through
digital-intelligent empowerment. By leveraging intelligent learning portfolios, online
collaboration platforms, and Al teaching assistant tools, personalized learning path rec-
ommendations and dynamic feedback are realized. The teaching process deeply inte-
grates project-oriented and engineering-based knowledge points. Through digital sce-
nario simulation, virtual workshop practice, and intelligent interactive Q&A, students'
ability to actively think, explore, and solve real ocean engineering project management
problems is stimulated, significantly enhancing their autonomy and participation.
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Curriculum Philosophy Integrating Digital-Intelligent and Workshop Ap-
proaches.

Based on the project experience accumulated by the research team, digital and intel-
ligent elements are organically integrated into the course. In light of students' person-
alized competence characteristics, modern information technologies are fully applied
in teaching practice. Through these means, students are encouraged to actively partici-
pate in classroom activities, their learning interest is boosted, and the all-round devel-
opment of their comprehensive abilities is promoted[9].

Digital-Intelligent Empowered Mechanism for Integrating Curriculum Ideology
and Politics into Talent Cultivation.

Ideological and political elements in ocean engineering project management are
thoroughly explored and presented in a digital form, constructing an intelligent ideo-
logical and political case library and a standard database. Through intelligent matching,
core ideological and political content—such as abiding by laws and regulations, indus-
try standards, and promoting the craftsman spirit—is organically integrated into the
entire chain of digital-intelligent teaching, including online learning, virtual simulation,
and project collaboration. By utilizing intelligent analysis of digital engineering cases
and standardized processes, students' patriotic feelings are effectively aroused, national
confidence and engineering ethics awareness are strengthened, and their rigorous and
dedicated professional qualities as well as awareness of abiding by laws and norms are
cultivated in immersive digital-intelligent practices[10].

2.3  Establish Course Resources

First, establish a diversified digital teaching resource library, collect and organize var-
ious engineering cases to ensure students have access to a wide range of practical cases
and enhance their practical application capabilities, as shown in Fig. 1.

Second, promote the development of digital-intelligent software and teaching plat-
forms. Build a digital teaching platform to support students' independent operation and
practice during the course. Develop or utilize existing online learning platforms to es-
tablish channels for course learning and resource sharing, providing functions such as
online assignment submission, real-time interaction, and answering questions.

In addition, focus on improving digital-intelligent teaching capabilities and system-
atically carry out teaching team development. Conduct regular dynamic training for
teachers on modern teaching technologies (such as Al-assisted design, data analysis
tools, and the application of virtual simulation platforms) to effectively enhance their
abilities in digital-intelligent curriculum design, intelligent resource development, and
precise analysis of students' learning status. Simultaneously, leverage intelligent
knowledge bases and sharing platforms to realize the collaborative evolution and effi-
cient sharing of curriculum resources and teaching wisdom[11].
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Fig. 1. Construction of Teaching Models Driven by Digital Intelligence Empowerment

3 Research Objectives

1) Form a Project-Based Teaching System with In-Depth Integration of "Workshop and
Digital-Intelligent Approaches"

By integrating workshop environments such as virtual simulation laboratories and
intelligent training bases with digital-intelligent tools including intelligent design plat-
forms and digital twins, a multi-level practical teaching platform is established. The
goal is to achieve seamless connection between professional knowledge, digital-intel-
ligent technologies and engineering practice, and enhance students' comprehensive ca-
pabilities in solving complex problems in the field of intelligent ships and ocean engi-
neering[12].

2) Form a Full-Chain Talent Cultivation Model of Curriculum Ideology and Politics
Empowered by Digital-Intelligence

Ideological and political elements such as the awareness of building a maritime
power and the concept of green and low-carbon development are systematically inte-
grated into curriculum objectives, content design and teaching methods. Through case
discussions, policy interpretation and other approaches, students' sense of social re-
sponsibility and professional norms are strengthened, realizing the organic unity of pro-
fessional skill training and value shaping.

3) Form a Digital-Intelligent Driven Diversified and Dynamic Competence Evalua-
tion Mechanism

Construct a process-oriented evaluation system covering multiple dimensions such
as project design, digital-intelligent platform operation and team collaboration. Intro-
duce self-evaluation and mutual evaluation mechanisms to comprehensively assess stu-
dents' innovative thinking, technology application and ability to solve complex engi-
neering problems, driving the improvement of their overall quality.



116 M. Li et al.

4) Form a Digital Teaching Resource and Faculty Support System

Develop a digital teaching resource library and intelligent software platforms to sup-
port students' independent practice. Meanwhile, through interdisciplinary faculty train-
ing and collaboration mechanisms, teachers' digital-intelligent technology application
capabilities and curriculum development levels are improved, ensuring the sustainable
advancement of teaching reform[13]. The research objectives are shown in Fig. 2.
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Fig. 2. Research Objectives

4 Primary Issues to be Addressed

First, address the issue of how to break through the disconnect between traditional
teaching and digital-intelligent practice. Technologies such as intelligent design and
digital twins in the marine equipment field require in-depth hands-on training, yet ex-
isting teaching lacks an effective integration path between real project carriers and dig-
ital-intelligent tools. Design workshop projects that combine virtual and physical ele-
ments to form a closed loop from principle cognition to intelligent decision-making,
and develop digital-intelligent tools suitable for teaching scenarios.

Second, resolve the problem of how to establish dynamic competence evaluation
standards and tools. Traditional evaluation systems fail to quantify the ability to solve
complex engineering problems and the level of digital-intelligent technology applica-
tion, and formative evaluation lacks an operable indicator system. It is necessary to
construct a hierarchical competence evaluation model and develop embedded evalua-
tion tools for digital-intelligent platforms.
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5 Conclusion

In summary, this research systematically explores the construction and application of a
virtual practice teaching system for "Ocean Engineering Project Management" driven
by digital intelligence empowerment. The main findings and contributions can be sum-
marized as follows:

1) A project-based teaching system that deeply integrates workshop approaches with
digital-intelligent tools has been formed. It establishes a multi-level practical teaching
platform, achieving a seamless connection between professional knowledge, digital-
intelligent technology, and engineering practice, thereby enhancing students' compre-
hensive ability to solve complex problems.

2) A full-chain talent cultivation model for curriculum ideology and politics empow-
ered by digital-intelligence has been constructed. It systematically integrates ideologi-
cal and political elements into the teaching process, realizing the organic unity of pro-
fessional skill training and value shaping.

3) A digital-intelligent driven, diversified and dynamic competency evaluation
mechanism has been established. This process-oriented system covers multiple dimen-
sions and introduces self- and peer-assessment, comprehensively assessing students'
innovative thinking and practical abilities.
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