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Abstract: In the context of rapid global technological development, the cultivation of mechanical
engineering talents faces severe challenges. Traditional cultivation models, with relatively single-
discipline content, are inadequate in meeting the modern industrial demands for interdisciplinary skills
and innovative capabilities. To address this challenge, this study, based on the concept of
multidisciplinary integration, deeply analyzes the limitations of the existing mechanical engineering
talent cultivation model and proposes innovative strategies for curriculum systems, teaching content,
teaching methods, and evaluation systems. Furthermore, it explores interdisciplinary integration and
application in practical teaching. The results of the study show that multidisciplinary integration can
significantly enhance the overall quality and innovative capabilities of mechanical engineering students,
providing strong support for cultivating mechanical engineering talents in the new era.
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Introduction

With the rapid development of modern technology and industry, the requirements for mechanical
engineering talents have undergone profound changes. The traditional education model for mechanical
engineering primarily focuses on the transmission of single-discipline knowledge, which struggles to
cultivate high-quality talents with interdisciplinary capabilities, innovative thinking, and practical skills.
However, with the advancement and penetration of disciplines such as information technology, materials
science, and management science, there is an urgent need to reform the curriculum system and teaching
methods in mechanical engineering education. This will provide theoretical support and practical
guidance for the modernization and transformation of mechanical engineering education, aiming to
cultivate comprehensive engineering talents who can meet future industrial needs.

1. Analysis of the Existing Talent Cultivation Model in Mechanical Engineering
1.1 Structure and Characteristics of the Traditional Cultivation Model

The traditional talent cultivation model in mechanical engineering mainly revolves around a single
discipline, focusing on the transmission of fundamental theories and professional knowledge, with a
relatively fixed and linear structure. The curriculum is typically divided into three main parts:
foundational courses, specialized courses, and practical courses. In foundational courses, students
primarily study subjects such as mathematics, physics, and material mechanics, laying a solid theoretical
foundation. Specialized courses concentrate on core areas such as mechanical design, manufacturing,
dynamics, and thermodynamics, aiming to develop students' professional skills and technical application
capabilities. Practical courses include hands-on training, internships, and graduation projects, which
emphasize enhancing students' practical abilities and problem-solving skills in engineering.!]

The teaching methods of the traditional model are predominantly classroom-based lectures,
supplemented by laboratory practice and engineering internships. Teachers play a leading role in the
educational process, while students mainly reinforce their knowledge through lectures, assignments, and
exams. This model emphasizes the systematic and coherent nature of knowledge, helping students master
fundamental theories and professional skills in the field of mechanical engineering.



In terms of the evaluation system, the traditional model typically combines standardized exams,
course assignments, and project evaluations, focusing on assessing students' mastery of knowledge.
However, the traditional evaluation methods tend to prioritize memory and reproduction of information,
with less emphasis on evaluating students' innovation skills, interdisciplinary thinking, and overall
competence.

1.2 Limitations of the Current Cultivation Model

Despite the advantages of the traditional cultivation model in imparting foundational theories and
professional skills, its limitations have become increasingly evident with the rapid development of
industrial technology and changing market demands. Firstly, the traditional model overemphasizes the
transmission of single-discipline knowledge, resulting in a narrow learning scope that struggles to meet
the current requirements of the mechanical engineering field for interdisciplinary competence. Modern
mechanical engineering increasingly relies on the integration of multiple disciplines, such as information
technology, material science, and intelligent manufacturing, areas that are often inadequately covered in
traditional curricula. This limits students' horizons and hinders their ability to develop a comprehensive
skill set.

Secondly, the monotony of teaching methods restricts students' creativity and autonomous learning
capabilities. In the traditional model, teacher-led lectures dominate, leaving students in a passive learning
role. This one-way transmission of information is insufficient to stimulate students' innovative thinking
and does not effectively cultivate their ability to solve complex engineering problems.

Moreover, the limitations of the traditional evaluation system have become more pronounced. The
current evaluation methods primarily focus on assessing students' final exam performance and course
assignments, while neglecting the assessment of practical skills, teamwork, and interdisciplinary thinking.
This narrow evaluation approach fails to provide a comprehensive reflection of students' overall
competence and abilities, often leaving graduates ill-prepared to handle the complex and ever-changing
challenges of real-world engineering problems, lacking sufficient problem-solving capacity and
innovative mindset.

2. Innovation in the Talent Cultivation Model for Mechanical Engineering under the Context of
Multidisciplinary Integration

2.1 Multidisciplinary Reconstruction of the Curriculum System

In the context of multidisciplinary integration, the curriculum system for mechanical engineering
needs a comprehensive and systematic restructuring to meet the urgent demand for versatile engineering
talents with comprehensive qualities and interdisciplinary capabilities in modern industry.

First, it is essential to introduce interdisciplinary courses such as information technology, artificial
intelligence, materials science, and management science to enhance students' knowledge breadth and
application skills. For instance, in mechanical design courses, content such as computer-aided design
(CAD), finite element analysis (FEA), and intelligent manufacturing systems can be incorporated,
allowing students to master traditional mechanical design methods while also utilizing modern
computational tools and Al technologies for the optimization of complex systems.

Additionally, integrating foundational and specialized courses can help break down the knowledge
barriers between disciplines. For example, combining foundational courses like mathematics and physics
with mechanical engineering courses such as engineering mechanics, thermodynamics, and fluid
mechanics will form an integrated curriculum. This blended teaching approach will enable students to
solidify their understanding of theoretical foundations and better grasp their application in real-world
mechanical engineering scenarios.

Moreover, the modular course design can offer students more choices and personalized learning paths,
catering to their interests and career aspirations. Modular design encourages students to select
interdisciplinary modules such as intelligent manufacturing, new materials application, and automation
control based on their personal interests and professional goals.?!

2.2 Integration and Expansion of Teaching Content

To cultivate mechanical engineering talents with comprehensive skills and innovative capabilities,



the integration and expansion of teaching content must be explored and practiced from the following
aspects.

First, the systematization and relevance of knowledge must be emphasized. Mechanical engineering
has extensive intersections with fields such as information technology, control engineering, and materials
science. By organically combining these subjects, a systematic and holistic knowledge framework can
be formed. For example, in mechanical manufacturing courses, alongside traditional manufacturing
processes, intelligent manufacturing technologies should be introduced, enabling students to understand
how advanced technologies such as the Internet of Things (IoT), artificial intelligence, and data analytics
can be applied in modern manufacturing systems.

Second, the cultivation of students' interdisciplinary analysis capabilities in real-world engineering
problems should be strengthened. Traditional mechanical engineering education often emphasizes
theoretical knowledge, with less focus on interdisciplinary applications. Thus, teaching content should
incorporate more case studies and project-based learning, allowing students to analyze and solve complex
engineering problems using a multidisciplinary approach. For example, courses can include
comprehensive projects involving mechanics, electronics, materials, and control, requiring students to
collaborate in teams and apply knowledge from various disciplines to tackle real-world engineering
challenges.

Furthermore, keeping up with cutting-edge technology and dynamically updating teaching content is
crucial. In an era of rapid technological advancements, engineering education must stay current by
integrating the latest technological developments and engineering applications into the curriculum.
Instructors should actively incorporate knowledge from emerging fields such as additive manufacturing
(3D printing), intelligent materials, robotics, and new energy technologies, ensuring that students stay
abreast of technological trends and master the latest engineering applications.

2.3 Diversified Innovation in Teaching Methods

Innovative and diversified teaching methods are key to improving the quality and effectiveness of
talent cultivation in mechanical engineering. Several approaches should be adopted to enhance the
effectiveness of teaching and students' learning experiences.

First, promote project-based learning (PBL). PBL is a teaching method that guides learning through
real-world projects, allowing students to learn and apply interdisciplinary knowledge while solving
specific engineering problems. Unlike traditional knowledge-based teaching, PBL emphasizes the
integration of practice and theory, enabling students to operate and verify their knowledge in real or
simulated engineering environments. For example, instructors can design interdisciplinary projects such
as the design and optimization of automated production lines, requiring students to apply knowledge
from mechanical design, control engineering, and materials science.

Second, adopt the flipped classroom model. Traditional classroom teaching typically involves
teachers delivering lectures while students passively receive knowledge. The flipped classroom disrupts
this model by having students learn course content independently through online platforms before class,
with classroom time dedicated to discussions, case analyses, and practical activities to deepen
understanding and application. This approach not only enhances students' autonomy and participation
but also fosters more interaction and exchange between teachers and students, thus improving teaching
effectiveness.

Third, combine virtual simulation technology and remote training. With advancements in information
technology, virtual simulation labs and remote training platforms have become essential tools in
engineering education. Virtual simulation allows students to perform complex system operations in a
safe, controlled environment, such as assembling and debugging mechanical equipment or conducting
stress analysis. This approach compensates for limitations in traditional hands-on training, such as
expensive equipment, complex operations, and limited training conditions, while allowing students to
repeatedly practice to deepen their understanding.

Lastly, focus on interdisciplinary teamwork and the establishment of diversified communication
platforms. In the field of mechanical engineering, interdisciplinary collaboration is crucial for solving
complex engineering problems. Therefore, teaching innovations should emphasize cultivating students'
communication and collaboration skills across disciplines. Instructors can design interdisciplinary team
projects that encourage students from different academic backgrounds to work together to solve
engineering challenges.



2.4 Comprehensive Reform of the Evaluation System

The evaluation system is a critical indicator of the effectiveness of talent cultivation. In the context
of multidisciplinary integration, traditional evaluation methods are insufficient to fully reflect students'
comprehensive abilities and development potential. Therefore, comprehensive reform of the evaluation
system is essential, which can be achieved through several aspects.

First, establish a diversified evaluation system. Beyond traditional exams and assignments,
evaluations should also include students' innovation abilities, practical skills, teamwork, and
interdisciplinary application capabilities. For example, project reports, design presentations, and
interdisciplinary project outcomes can be used to comprehensively assess students' learning outcomes.

Second, combine formative and summative evaluations. Conduct evaluations at the beginning, middle,
and end of the semester, emphasizing the ongoing development of students' skills and learning progress
rather than relying solely on final exams for assessment.

Third, leverage big data analysis and intelligent evaluation tools to track and analyze students'
learning behaviors and achievements in real-time, providing personalized feedback and guidance to help
students identify their strengths and weaknesses.

Finally, encourage collaborative evaluation by teachers, industry experts, and external mentors. By
involving experts from industry and other academic fields in the evaluation process, the assessment
results can be more scientific and multidimensional, providing a more accurate reflection of students'
overall abilities and professional adaptability.

3. Practice of Mechanical Engineering Talent Cultivation under Multidisciplinary Integration
3.1 Interdisciplinary Integration in Course Implementation

In the context of multidisciplinary integration, the implementation of mechanical engineering courses
requires breaking down disciplinary barriers through interdisciplinary integration to enhance students'
comprehensive abilities and innovative thinking. During course implementation, mechanical engineering
must be organically integrated with related disciplines such as information technology, materials science,
and management science. For example, in the Mechanical Design course, finite element analysis,
material performance optimization, and intelligent control can be incorporated, enabling students to not
only learn traditional mechanical design methods but also master advanced computational tools and
optimization techniques, thus enhancing their ability to apply these skills in practical engineering
scenarios.

Furthermore, a project-based teaching model can be employed to apply multidisciplinary knowledge
to real-world engineering projects. By designing complex integrated projects, students will need to
combine and apply knowledge from various disciplines to solve engineering problems, which not only
facilitates knowledge integration but also effectively enhances students’ problem-solving and teamwork
abilities. Additionally, the introduction of real interdisciplinary cases and industrial challenges can
improve students' hands-on practical skills and their understanding of real-world engineering problems.

Lastly, through joint training programs, inviting experts from different fields and industry engineers
to participate in course teaching can enhance students' understanding and application of interdisciplinary
knowledge. This collaboration also promotes knowledge exchange and resource sharing between
disciplines, offering students broader perspectives and practical opportunities, further improving the
practicality and cutting-edge nature of the courses.

3.2 Multidisciplinary Application in Practical Training

Practical training is a crucial component of mechanical engineering talent cultivation. Through
multidisciplinary applications in practical training, students can effectively develop their practical skills
and innovative thinking. In the context of multidisciplinary integration, the design of practical training
should consider the following aspects:

Firstly, the integration of multidisciplinary content into training. In traditional mechanical training,
information technology, materials science, and control engineering should be incorporated. For example,
through an intelligent manufacturing training platform, students can use sensors to collect data during
the machining process, apply data analysis software to optimize process parameters, and achieve efficient



production. Additionally, the introduction of robotics technology and automated control in training
allows students to understand and apply the latest technological methods to solve real-world problems.

Secondly, the construction of virtual simulation training labs breaks the limitations of physical
training spaces, allowing students to conduct cross-disciplinary simulations and operations in a virtual
environment. This approach not only expands the space for practical training but also enhances the
flexibility and operability of the training. Virtual simulation labs can replicate complex engineering
environments, enabling students to perform practical training in a safe, controlled setting and gain real-
world experience. !

Lastly, implementing interdisciplinary joint training projects, where students form cross-disciplinary
teams to complete complex engineering research projects, fosters collaboration. Through this teamwork
model, students learn how to coordinate knowledge from different disciplines while developing team
spirit and interdisciplinary collaboration skills. Interdisciplinary training projects not only improve
students' comprehensive application abilities but also deepen their understanding of multidisciplinary
knowledge.

3.3 Faculty Development and Interdisciplinary Integration

The faculty is crucial to realizing the talent cultivation model of multidisciplinary integration. To
effectively promote the integration of mechanical engineering with other disciplines, several measures
should be taken in faculty development:

Firstly, teachers should be encouraged to pursue interdisciplinary development and cooperation
through academic exchanges and joint research projects to enhance their interdisciplinary literacy and
teaching skills. For example, mechanical engineering faculty can collaborate with experts from fields
such as information technology and materials science to develop interdisciplinary courses and teaching
materials.

Secondly, promote professional retraining and continuing education for faculty, particularly in
emerging disciplines and cutting-edge technologies, ensuring that teachers stay current with
technological advancements and provide students with up-to-date knowledge and skills.

Additionally, hiring faculty with interdisciplinary backgrounds or bringing in industry experts as part-
time teachers can enrich the diversity of the teaching staff and enhance the interdisciplinary nature of
teaching.

Finally, establishing mechanisms for interdisciplinary collaboration among faculty, such as
interdisciplinary team teaching and joint research, can foster collaborative innovation between
disciplines and create a positive atmosphere for interdisciplinary integration.

3.4 Practical Exploration of Multidisciplinary Collaborative Innovation

Multidisciplinary collaborative innovation is an essential part of the practical exploration of
mechanical engineering talent cultivation. Through cross-disciplinary research and the exploration of
real-world engineering problems, students can better understand and apply interdisciplinary knowledge.

In collaborative innovation practices, the first step is to build interdisciplinary innovation platforms,
such as joint training labs and innovation centers, to encourage faculty and students from different
disciplines to collaborate on engineering problems. For example, in intelligent manufacturing research,
faculty and students from mechanical, information, and materials disciplines can jointly develop
intelligent production lines, achieving full-process optimization from design to manufacturing.

Secondly, promote interdisciplinary joint training projects, inviting industry experts and leading
academics to provide guidance, ensuring that students are exposed to cutting-edge technologies and real-
world applications. For instance, partnering with enterprises to develop innovation projects allows
students to engage in multidisciplinary collaborative innovation in real industrial environments,
enhancing their ability to solve complex engineering problems.[®!

Finally, encourage participation in interdisciplinary competitions and innovation and
entrepreneurship activities. Events such as mechanical innovation design competitions and intelligent
manufacturing challenges can stimulate students’ innovation consciousness and practical abilities, laying
a solid foundation for their future career development.



Conclusion

This study systematically explored the innovation and practical paths of the mechanical engineering
talent cultivation model from the perspective of multidisciplinary integration. In-depth analysis and
practical exploration were conducted in areas such as curriculum restructuring, comprehensive teaching
content, diversified teaching methods, and evaluation system reform. The results show that the
introduction of multidisciplinary knowledge, the integration of teaching resources, and the innovation of
teaching methods can significantly enhance students' interdisciplinary capabilities and innovation skills.
Future mechanical engineering education should place greater emphasis on cultivating interdisciplinary
talents, continuously optimizing and innovating teaching models to provide stronger support for
developing globally competitive mechanical engineering professionals.
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