Advances in Vocational and Technical Education (2024) DOI: 10.23977/avte.2024.060207
Clausius Scientific Press, Canada ISSN 2523-5834 Vol. 6 Num. 2

Innovation and application of mechanical major
vocational education curriculum system in the digital era

Xiaoli Lin
Hainan Vocational University of Science and Technology, Haikou, 571126, China

Keywords: Digital era, mechanical engineering, vocational education, curriculum system
innovation, application effectiveness

Abstract: With the advent of the digital era, vocational education in the field of mechanical
engineering faces new challenges and opportunities. This paper aims to explore the
innovation and application of the curriculum system in vocational education for mechanical
engineering in the digital age. By analyzing the current trends in digital technology and
considering the characteristics of mechanical engineering, a curriculum system innovation
solution that aligns with the demands of the era is proposed. The practical application and
effectiveness of this solution are demonstrated through real-world cases. The research
indicates that the digital era provides broader development prospects for vocational
education in mechanical engineering, and innovative curriculum systems can better meet
the practical needs of students, nurturing more competitive talents.

1. Introduction

With the rapid development of information technology, the digital era has profoundly influenced
various industries, especially in the field of mechanical engineering. Traditional vocational education
curriculum systems in mechanical engineering appear outdated when confronted with the challenges
of the digital era, necessitating innovation and adjustment. This paper delves into the innovation and
application of vocational education curriculum systems for mechanical engineering in the digital age,
aiming to meet the new requirements society imposes on mechanical engineers today.

2. Background and Challenges of Vocational Education in Mechanical Engineering in the
Digital Era

2.1. Impact of the Digital Era on Mechanical Engineering

With the arrival of the digital era, mechanical engineering has experienced widespread and
profound transformations, encompassing various aspects. Firstly, the extensive application of digital
technology has made mechanical systems more intelligent and automated. The rapid development of
sensors, data collection, and processing technologies enables mechanical engineers to monitor and
control mechanical system operations with greater precision. This introduces new design concepts
and methods, demanding engineers to possess knowledge and skills in the application of digital
technologies.
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Secondly, the digital era has propelled the digitization transformation of mechanical design and
manufacturing. The widespread use of digital tools such as Computer-Aided Design (CAD) and
Computer-Aided Manufacturing (CAM) has made the design, simulation, and manufacturing
processes of mechanical products more efficient and precise. This necessitates students in mechanical
engineering to acquire skills that complement the use of these tools and collaborate in a digital
environment.

Additionally, engineers in the digital era need the ability to handle big data and conduct data
analysis. The vast amount of data generated during the operation of mechanical systems needs to be
fully utilized to enhance system performance and predict maintenance needs. Therefore, education in
mechanical engineering must align with the trends in data science and analysis, cultivating students
with the capability to process and analyze large datasets.[1]

2.2. Issues and Challenges in Traditional Curriculum Systems

However, traditional curriculum systems in mechanical engineering face a series of problems and
challenges in the digital era. Firstly, traditional systems often emphasize the imparting of foundational
theories, while the importance of applied skills and practical experience is increasingly highlighted
in the digital era. Students lack practical experience related to digitization in traditional systems,
potentially leading to inadequate preparation for real-world work.

Secondly, some traditional courses have not been updated in a timely manner and fail to cover
emerging technologies and fields. For instance, there is a limited coverage of knowledge in digitized
areas such as artificial intelligence and the Internet of Things, which may pose difficulties for
graduates in applying new technologies in the workplace.

Moreover, traditional mechanical engineering courses tend to lean towards the teaching of a single
discipline, lacking interdisciplinary integration. However, in the digital era, mechanical engineers
need to possess knowledge in multiple fields, such as cross-disciplinary knowledge with electronics
engineering and computer science. Therefore, traditional curriculum systems need to undergo
interdisciplinary integration to cultivate more well-rounded mechanical engineers.

2.3. Development Trends in Vocational Education for Mechanical Engineering

To address the challenges of the digital era, vocational education in mechanical engineering is
evolving towards a more application-oriented and practical direction. Firstly, new curriculum systems
focus on cultivating students' practical operational skills, integrating the use of digital tools into actual
engineering projects. Through project-based learning, students can apply their acquired knowledge
in real-world scenarios, enhancing their practical experience.[2]

Secondly, there is an acceleration in the frequency of curriculum system updates, closely tracking
the development of digital technology. The introduction of the latest digital tools and technologies
allows students to engage with the latest industry trends during their learning process, enhancing their
adaptability to the demands of the digital era.

Additionally, vocational education in mechanical engineering is moving towards interdisciplinary
integration, organically combining knowledge related to digitization with other fields. By
incorporating cross-disciplinary fusion with electronics engineering, computer science, and other
disciplines, students can gain a more comprehensive understanding and solve complex engineering
problems.

In summary, the digital era presents both new opportunities and challenges for vocational
education in mechanical engineering. A thorough analysis of the impact of the digital era on
mechanical engineering, the issues and challenges in traditional curriculum systems, and the trends
in vocational education helps in better formulating and adjusting curriculum systems to cultivate
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highly qualified engineers adapted to the demands of the digital era.[3-4]

3. Theoretical Foundation of Innovation in Vocational Education Curriculum System for
Mechanical Engineering

3.1. Application of Digital Technology in the Education Sector

The application of digital technology in the education sector is a crucial aspect of innovating the
vocational education curriculum system for mechanical engineering. Firstly, Virtual Reality (VR) and
Augmented Reality (AR) technologies provide students with a more intuitive and realistic learning
experience. Through virtual laboratories, students can simulate actual engineering environments,
engage in the design and operation of real projects, thereby enhancing their practical skills.

Secondly, the rise of online education platforms makes learning more flexible and personalized.
Students can choose online courses based on their own learning pace and interests, allowing them to
study anytime, anywhere. The rich and diverse learning resources in the digital era enable students to
access real-time information and the latest technological updates through online platforms, improving
their awareness of industry dynamics.

Additionally, the application of Artificial Intelligence (Al) technology makes educational
assessments more precise. Intelligent learning systems can personalize teaching content based on
students' learning situations and proficiency levels, providing targeted learning recommendations to
promote students' comprehensive development.[5]

3.2. Theoretical Framework for Curriculum System Innovation

Curriculum system innovation needs to be built on a solid theoretical framework to ensure its
scientific and practical nature. Firstly, it involves constructing a learning model based on problem-
solving and project-based practices. By involving students in real projects to solve practical problems,
this learning model cultivates their ability to comprehensively apply knowledge and skills. This
model better simulates the workplace environment, enhancing students' practical application
capabilities.

Secondly, it adopts the Flipped Classroom teaching model. In traditional courses, students receive
knowledge impartation in the classroom, while in the Flipped Classroom, students preview course
content, and classroom time is utilized for deepening understanding, discussion, and practical
application. This model helps improve students' initiative in learning, stimulates their interests, and
encourages deep thinking.[6]

Additionally, interdisciplinary teaching models are foundational to curriculum system innovation.
By integrating mechanical engineering with related disciplines such as electronics and computer
science, a cross-disciplinary curriculum system is constructed, providing students with a broader
knowledge background. This helps in cultivating engineers with comprehensive competencies who
can better adapt to the comprehensive work requirements of the digital era.

3.3. Alignment of Mechanical Engineering Characteristics with Curriculum System Innovation

The unique characteristics of mechanical engineering pose specific requirements for curriculum
system innovation. Firstly, as mechanical engineering emphasizes practical operations, innovative
curriculum systems should focus on cultivating students' practical operational skills. By incorporating
virtual experiments, real projects, and other teaching methods, students can gain more practical
experience in the curriculum, thereby enhancing their practical operational capabilities.

Secondly, the broad scope of mechanical engineering requires students to have strong
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interdisciplinary competencies. Therefore, innovative curriculum systems should prioritize the
cultivation of students' interdisciplinary thinking and collaboration spirit, enabling them to flexibly
handle various fields and solve complex engineering problems.

Moreover, the digital era places higher demands on mechanical engineers, necessitating them to
have innovation awareness and capabilities. Therefore, innovative curriculum systems should focus
on fostering students' innovative thinking, guiding them to propose new concepts and solutions during
learning and practical experiences to meet the challenges of rapid technological development.

In summary, based on the theoretical foundation, innovation in the vocational education
curriculum system for mechanical engineering can be pursued through the following aspects: firstly,
enhancing the application of digital technology to ensure students are proficient in advanced
engineering tools and software; secondly, reforming teaching models by introducing project-driven
and practice-oriented teaching methods to enhance students' practical operational capabilities; finally,
considering the characteristics of mechanical engineering, designing multidisciplinary
comprehensive projects to cultivate students' interdisciplinary thinking and teamwork spirit.

Overall, innovation in the vocational education curriculum system for mechanical engineering
aims to cultivate innovative mechanical engineers with comprehensive competencies by combining
the application of digital technology, the reform of teaching models, and alignment with the
characteristics of mechanical engineering.

4. Innovation Solutions and Applications for Vocational Education Curriculum System in the
Digital Era for Mechanical Engineering

4.1. Design and Construction of Innovative Solutions

4.1.1. Project-Driven Learning

In the digital era, innovation solutions for the vocational education curriculum system in
mechanical engineering should emphasize project-driven learning to establish an organic connection
between theoretical knowledge and practical operations. This innovative approach aims to actively
engage students in various stages of real projects, including planning, design, manufacturing, and
testing. Project-driven learning provides students with a comprehensive learning platform by
simulating actual engineering projects. In these projects, students apply theoretical knowledge
learned in class to solve practical problems, deepening their understanding of theoretical concepts
and cultivating practical application skills. By actively participating in the planning and design phases
of projects, students gradually grasp the overall picture of engineering projects, enhancing their
understanding and application of relevant theoretical knowledge. The project-driven learning
approach encourages students to identify and solve problems in practice, continuously improving
their solutions. This fosters innovation and problem-solving skills, enhancing students' practical
hands-on abilities. With clearly defined project objectives, students face real challenges during the
manufacturing and testing stages, leading to a deeper understanding and application of their acquired
knowledge. In summary, project-driven learning is one of the innovative solutions for vocational
education in mechanical engineering in the digital era. By combining theoretical knowledge with
practical operations, this approach provides students with a more realistic learning experience,
fostering practical application skills, innovation, and problem-solving abilities.

4.1.2. Interdisciplinary Integration

Another key element of the innovation solution is interdisciplinary integration, aiming to
organically combine mechanical engineering with related fields such as electronics and computer
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science to promote synergies between disciplines. By establishing interdisciplinary projects, students
can learn through collaboration in multiple fields, cultivating comprehensive competencies. In this
solution, we envision a project involving an intelligent mechanical system, requiring students to
collaborate to solve problems spanning multiple disciplines, including mechanical structure, sensor
applications, and embedded systems.

This comprehensive project design demands that students not only understand the principles of
mechanical engineering but also acquire knowledge in electronic engineering and computer science
to ensure the coordinated operation of the entire system. Through interdisciplinary integration,
students gain in-depth insights into the relationships between various disciplines, fostering their
ability for comprehensive thinking. For instance, when designing an intelligent mechanical system,
students must consider aspects such as the stability of mechanical structures, sensor selection and
placement, and program design for embedded systems. This not only broadens their knowledge but
also develops their ability to solve interdisciplinary problems.

The innovative solution of interdisciplinary integration aims to break down traditional disciplinary
barriers, enabling students to navigate multiple fields and better tackle the challenges of
comprehensive work in the digital era. By collaboratively solving problems, students make
achievements not only in the field of mechanical engineering but also in cultivating more
comprehensive competencies through multidisciplinary cooperation.

4.1.3. Introduction of Emerging Technologies

Another crucial component of the innovation solution is the introduction of emerging technologies
such as Artificial Intelligence (Al) and the Internet of Things (1oT) to ensure that the mechanical
engineering curriculum aligns with the trends of the digital era. In this solution, course design will
cover knowledge related to these new technologies, intending to make students proficient in their
practical application through hands-on experience.

Firstly, incorporating content related to Artificial Intelligence exposes students to the potential
applications of Al in mechanical engineering. Students learn how to use machine learning algorithms
to enhance the performance of mechanical systems and increase their level of intelligence. Through
practical cases and projects, students can apply Al technology to solve real mechanical engineering
problems.

Secondly, covering loT technology enables students to understand how to achieve real-time
monitoring and control of data in mechanical systems through interconnected devices. Through actual
l0T projects, students learn to design and implement intelligent mechanical systems, enhancing their
practical application proficiency in the digital era. This innovation solution aims to ensure that
education in mechanical engineering keeps pace with the developments of the digital era, allowing
students to adapt flexibly to emerging technologies. Through practical experiences, students develop
a profound understanding of emerging technologies such as Al and 10T, improving their proficient
application of digital tools and laying a solid foundation for future career development.

4.2. Case Analysis: Application of Innovative Curriculum System in Practical Education

4.2.1. Project Case: Intelligent Manufacturing System Design

In the Intelligent Manufacturing System Design project, students are required to conceptualize and
design a comprehensive digitized intelligent manufacturing system, covering aspects such as
mechanical structure design, sensor applications, and control algorithm design. By participating in
this project, students not only learn theoretical knowledge but also translate it into practical
operational capabilities.
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During the mechanical structure design phase, students must consider optimizing structures to
meet the requirements of digitized intelligent manufacturing, improving production efficiency, and
quality. In terms of sensor applications, they learn how to select, arrange, and utilize sensors to
achieve real-time monitoring and feedback for the system. Additionally, control algorithm design
requires students to integrate theoretical knowledge with practical applications to ensure the
intelligent operation of the entire system.

Through this project, students also develop teamwork and interdisciplinary integration skills.
Different stages of the project demand collaboration between students with diverse professional
backgrounds to collectively solve problems related to mechanical structure, sensor applications, and
control algorithms. This helps break down disciplinary barriers, cultivate more comprehensive
competencies in students, and better prepare them to tackle the complexity and interdisciplinary
nature of engineering projects in the digital era. Through this project, students engage in deep learning
through practice, enhancing their practical application proficiency in the field of intelligent
manufacturing.

4.2.2. Interdisciplinary Integration Case: Integration of Mechanical and Electronic
Engineering

The integration course of mechanical and electronic engineering aims to blend knowledge from
two different fields, encouraging students to learn and apply in a cross-disciplinary background by
designing an intelligent mechanical product. In this case, students need to learn foundational
knowledge in electronic engineering, including embedded systems, sensor applications, and more.

Students in the integration course not only learn how to design mechanical components but also
understand how to integrate electronic components into mechanical systems to achieve intelligent
product functionalities. Through such project cases, students gain a deep understanding of the
collaborative roles of electronics and mechanical engineering, broadening their knowledge in both
fields.

This case not only enhances students' cross-disciplinary application abilities, enabling them to
seamlessly transition between different disciplines, but also expands their knowledge domains.
Designing courses that integrate mechanical and electronic engineering contributes to the cultivation
of students' comprehensive competencies, better preparing them to handle complex engineering
projects in the digital era and laying the foundation for future interdisciplinary teamwork. Through
practical experience in this case, students enhance their innovation and problem-solving capabilities
through the intersection of knowledge from different fields.

4.3. Student Feedback and Effectiveness Evaluation

4.3.1. Student Feedback Mechanism

To ensure that the innovative curriculum system meets the practical needs of students, a real-time
student feedback mechanism has been introduced. This involves regular surveys and group
discussions to systematically understand students' perspectives, experiences, and suggestions
regarding the innovative curriculum.

The aim is to establish a direct communication channel with students, allowing them to share their
actual experiences and opinions about the curriculum. Surveys will cover aspects such as the
practicality of course content, effectiveness of teaching methods, and richness of learning resources.

Through group discussions, students have the opportunity to exchange and share their learning
experiences, providing more specific suggestions and improvement recommendations. Student
opinions and feedback are taken seriously and incorporated into the adjustment and improvement of
the curriculum. This ensures the flexibility of the curriculum, allowing adjustments to be made based
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on the actual needs of students at any given time. The real-time student feedback mechanism not only
helps improve the quality and adaptability of the curriculum but also motivates students to actively
participate in the learning process, creating a positive interactive cycle. In this way, the innovative
curriculum system is more closely aligned with students' actual learning experiences, better meeting
the training needs of mechanical engineering students in the digital era.

4.3.2. Effectiveness Evaluation Indicators

To ensure the effectiveness of the innovative curriculum system, clear evaluation indicators have
been established, including the enhancement of students' comprehensive abilities, the completion of
actual projects, and teamwork capabilities. Through regular assessments and evaluations, the ongoing
monitoring of the practical effects of the innovative curriculum among students provides robust data
support for subsequent improvements. This comprehensive evaluation approach aims to ensure that
students in vocational education for mechanical engineering in the digital era genuinely experience
substantial improvement. Through the design of innovative solutions, case analysis, and student
feedback and effectiveness evaluation, we are committed to optimizing the curriculum system
comprehensively, cultivating innovative mechanical engineers better suited to the demands of the
digital era. This effort aims to enable students to flexibly adapt to complex and dynamic work
environments in their future careers, becoming mechanical engineering professionals with
comprehensive competencies.

5. Conclusion

Through the research on the innovation and application of vocational education curriculum system
in mechanical engineering in the digital era, this paper concludes that an innovative curriculum
system can better meet the demands of the digital era, enhancing students' practical application and
innovation capabilities. In future vocational education for mechanical engineering, continuous
attention to the development of digital technologies and ongoing innovation of curriculum systems is
crucial to cultivate highly qualified mechanical engineers who can adapt to the evolving needs of the
era.
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