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Abstract: In response to the challenges in the teaching of Mechanical Principles, such as difficulties
in understanding the principles, the disconnect between theory and practice, and the lack of sys-
tematic integration of ideological and political education, this paper proposes a "One Core, Three
Integrations" teaching model. This model is designed in the context of New Engineering Education
and focuses on foundational theoretical learning. It integrates online and offline teaching resources,
classroom implementation, and competition training, aiming to achieve synergy across these three
pathways. The model incorporates micro-courses and simulation resources, promotes inquiry-
based interactive classrooms, integrates competition training into teaching, and establishes a full-
cycle evaluation system. The goal is to effectively transform abstract theories into engineering prac-
tice capabilities. This teaching model has been piloted at the College of Engineering, Heilongjiang
Bayi Agricultural University. Initial feedback from the practice suggests improvements in students’
hands-on abilities and classroom engagement, demonstrating its potential for broader application.
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1. Introduction

With the Ministry of Education's implementation of a series of policies aimed at deep-
ening undergraduate teaching reform and building first-class courses, higher education
institutions are increasingly required to improve the quality of talent cultivation [1-3].
Policy directions represented by the "Four New" initiatives and the "Double Ten Thou-

Published: 18 September 2025 sand Plan" emphasize that the curriculum system must serve national strategies, focus on
® industry frontiers, and strengthen the cultivation of practical and innovative abilities.
These policies clearly call for the elimination of "watered-down" courses and the devel-
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ativecommons.org/licenses/by/4.0/). enhancing engineering applicability and educational impact, thereby providing students
with a solid knowledge and competence foundation for entering engineering practice [4-
6].

As a foundational core course for mechanical engineering majors, the course on Me-
chanical Principles plays a critical role in the professional curriculum system. It not only
systematically imparts basic structural principles, motion laws, and methods of mechani-
cal analysis but also serves as an essential platform for cultivating engineering design
thinking, modeling capabilities, and innovative awareness. However, there are still sev-
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eral bottlenecks in current teaching practices. The highly abstract nature of the course con-
tent leads to difficulties in student comprehension. Traditional classrooms and experi-
ments are disconnected from engineering practice, limiting the transformation of
knowledge into practical ability. Furthermore, the integration of ideological and political
education with the course content remains incomplete, preventing the formation of a con-
tinuous educational process throughout the teaching [7-9].

Based on the analysis of these issues, this paper proposes and implements the "One
Core, Three Integrations" teaching model, with a focus on foundational theoretical learn-
ing. This model incorporates a three-way collaboration of "resources-classroom-competi-
tion and training" to construct a closed-loop system that connects knowledge mastery to
engineering applications, and ability development to value formation, through layered
teaching resources, blended inquiry-based classrooms, and competition-driven practical
components.

2. Pain Points in the Teaching Process
2.1. Difficulty in Understanding Fundamental Principles

Students commonly face a dual challenge when studying Mechanical Principles,
which involves both abstract concepts and complex formula derivations. From determin-
ing the degrees of freedom in mechanisms, analyzing velocity and acceleration, to force
and power calculations, and understanding the working principles of typical mechanisms,
students often struggle to form a cognitive loop between "physical visualization-mathe-
matical expression-engineering explanation." The underlying causes of these difficulties
are inadequate support from prerequisite knowledge (such as higher mathematics, linear
algebra, engineering drawing, theoretical mechanics, and basic programming and simu-
lation tools), static classroom representations, and a lack of dynamic visualization and
interactive derivation. Furthermore, the learning path lacks sufficient differentiation to
accommodate the varying starting points of students [10]. The immediate consequences
are errors in understanding concepts and performance in classroom assessments, such as
misjudging degrees of freedom, confusion in the use of instantaneous centers, overlooking
key elements in force analysis, and the ability to run simulations but being unable to ex-
plain parameter choices or the resulting differences. More critically, this cognitive gap
carries over into subsequent courses and final-year projects, weakening students' ability
to model, analyze, and optimize in real-world engineering scenarios.

2.2. Insufficient Integration of Theoretical Teaching and Engineering Practice

In traditional teaching models, classroom interaction is often limited, and teachers
find it difficult to effectively stimulate students' independent thinking. As a result, there
is a degree of disconnection between teaching and learning. The traditional model has not
sufficiently emphasized the importance of fostering students' ability to conduct pre-class
literature research or explore practical application scenarios of mechanisms. Overall, the
approach is still predominantly focused on theoretical delivery, with students' learning
outcomes relying heavily on their ability to understand content during class [11]. How-
ever, in the post-class phase, there are insufficient platforms and opportunities for stu-
dents to engage in engineering applications and practical research. Additionally, due to
the relatively limited engineering practice experience of the experimental course instruc-
tors and the insufficient hours allocated for laboratory sessions, there has been no deep
integration between theoretical teaching and engineering practice. Consequently, the ef-
fectiveness of the practical teaching components is suboptimal, making it difficult to sys-
tematically improve students’ engineering practice capabilities and innovative thinking.
Therefore, addressing the core function of professional courses in cultivating students'
engineering thinking and innovative abilities has become a critical issue that needs to be
overcome in the current curriculum.
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2.3. Need for Improvement in the Integration of Ideological and Political Education, and the En-
hancement of Educational Impact

The content of the Mechanical Principles course is closely related to daily life and
engineering practice. Its knowledge points widely cover various aspects of life and tech-
nological applications, providing rich material and significant advantages for integrating
ideological and political education (IPE) into the course. This makes it a good carrier for
carrying out IPE. However, in previous teaching practices, the focus has often been on the
delivery of theoretical knowledge, without systematically integrating elements of moral
education and aesthetic education into the classroom [12]. As a result, students lack an
aesthetic perception of the geometric representation of mechanisms, and there is a discon-
nect between the course content and real-life or engineering contexts. This tendency to-
wards a cold, technical teaching approach has failed to fully utilize the course's unique
role in holistic education. In the long term, professional identity, a sense of responsibility,
and aesthetic judgment have not been sufficiently cultivated, and the comprehensive ef-
fect of "educating through culture, aesthetic education, and moral nurturing" needs to be
systematically improved.

3. Teaching Innovation Measures

To address the pain points in the teaching process of the Mechanical Principles course,
the course team has proposed a gradual integration of innovative teaching elements,
based on the cognitive patterns and progressive nature of knowledge systems for engi-
neering students. By promoting teaching innovation through three coordinated path-
ways-teaching resources, classroom implementation, and competition and training-the
course has gradually formed an overall teaching framework aimed at cultivating applica-
tion-oriented talent. In this context, the course team emphasizes the "student-centered"
concept, starting from the learning needs of students, following the inherent logic of the
knowledge system in a step-by-step manner, and continuously exploring new teaching
elements throughout the process. This approach makes the course more aligned with the
reform direction in the background of New Engineering Education.

3.1. Reconstructing Teaching Resources to Support Layered Learning with "Fit” Resources

In terms of teaching resources, the teaching team, after a thorough analysis of the
learning progress of students at the College of Engineering, Heilongjiang Bayi Agricul-
tural University over the years, adheres to a student-centered approach. The team system-
atically summarizes teaching experiences and actively explores educational models that
suit application-oriented undergraduate institutions, ultimately constructing an innova-
tive teaching model centered around "One Core, Three Integrations." This model aims to
"stimulate interest in learning, foster a sense of national pride, achieve the coordination of
moral and intellectual development, and cultivate exceptional talent." The model is sys-
tematically designed from the levels of problems, measures, and goals, integrating diverse
teaching strategies and resources to break through the bottlenecks of traditional teaching,
such as "difficulty in enhancing interest, challenges in fostering innovation, and inade-
quate integration of moral and aesthetic education." Specifically, the "One Core, Three
Integrations" teaching model includes the following three aspects of integration:

(1) Integration of Teaching Resources - Developing Micro-courses to Strengthen Re-
source Support

In response to the learning characteristics and cognitive patterns of engineering stu-
dents, the course team has created a multi-level teaching resource system based on the
core principles of "basic concepts-working principles-motion and power analysis-graph-
ical and analytical methods-engineering applications." This system includes self-recorded
instructional videos, annually updated teaching slides, an online question bank, and a
mechanism model library to help students systematically acquire core knowledge in a
targeted manner. By utilizing information technology, the team incorporates mechanism
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motion simulations and dynamic graphical displays to enhance the intuitiveness and
depth of teaching content, improving the visualization and perceptibility of resources.

Integration of Classroom Models - Inquiry-based Interaction to Expand Teaching
Space

Breaking through the boundaries of traditional classrooms, the team relies on multi-
media classrooms and experimental training environments to create an interactive class-
room model driven by students, projects, and case studies. By combining engineering ex-
amples with computer simulations, the team actively promotes the "One Core, Three In-
tegrations" teaching model. Modern information technology is used to facilitate independ-
ent, flexible, and reinforcement-based learning, strengthening students' engagement and
practical skills.

Integration of Competition and Training Platforms - Promoting Learning through
Competitions to Foster Research and Learning Synergy

The team has systematically built a mechanical innovation design studio, introducing
advanced manufacturing technologies such as 3D printing to expand the practical teach-
ing platform. The team actively organizes students to participate in various competitions,
including the National Mechanical Innovation Design Competition, 3D Design Competi-
tion, Advanced Drawing Competition, and Innovation and Entrepreneurship Competi-
tion. By deeply integrating competition themes with course content, the team implements
a model of "promoting innovation through competitions, promoting teaching through
competitions, and promoting learning through competitions." These competitions not
only test students' ability to apply professional knowledge but also provide feedback on
the quality of talent cultivation, driving continuous improvement of courses and profes-
sional programs. Excellent competition results are transformed into teaching cases and
training materials, creating a virtuous cycle of "learning-practice-competition-feedback."

3.2. Constructing a Classroom and Evaluation System That Covers the Entire Teaching Process

In response to the foundational knowledge and learning status of students at the Col-
lege of Engineering, Heilongjiang Bayi Agricultural University, the teaching model for the
Mechanical Principles course is undergoing a systematic reconstruction. The traditional
teacher-centered, single-point lecture model is being expanded into a "five-ring intercon-
nected" full-process teaching chain. This includes pre-class reading and preparation of
mechanical mechanism materials, in-class self-learning presentations, teacher-student in-
teractions, and quizzes, as well as post-class application of engineering examples and
computer simulation exercises. The goal is to strengthen students' internalization and in-
tegration of basic theoretical knowledge, achieving full-process integration of teaching
and learning.

(1) Building a Blended Teaching Model with Online and Offline Integration

Relying on provincial-level first-class undergraduate course resources and the cus-
tomized online courses, model libraries, case libraries, and ideological and political edu-
cation (IPE) material databases developed by the teaching team, a variety of teaching re-
sources are systematically integrated. This forms a flipped classroom teaching model
based on the "five-ring interconnected" approach, promoting the mutual enhancement of
online independent learning and offline in-depth interaction.

(2) Strengthening Independent Learning and Fostering Professional Interest

During the pre-class phase, students independently complete concept review, data
collection, and exploration of typical application scenarios based on teacher guidance.
They then write literature review reports and present their findings in class. This mecha-
nism not only stimulates students' initiative but also hones their skills in information in-
tegration and expression. Classroom teaching incorporates interactive elements to ensure
full student participation, achieving synchronous thinking between teachers and students,
and fostering a resonant teaching experience.

(3) Establishing a Comprehensive and Diverse Evaluation Mechanism
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The original evaluation system is being reformed to adjust the grading structure of
the Mechanical Principles course. The previous grading breakdown of 10% for daily per-
formance, 20% for assignments, 10% for validation experiments, and 60% for the final
exam is optimized to include: 10% for online and offline assignments, 10% for attendance
and online tests, 10% for literature or project proposals, 10% for practical or experimental
activities, 10% for classroom participation, and 50% for the final exam. This new mecha-
nism places greater emphasis on process evaluation and practical ability assessment. It
advocates for non-standardized exam questions, promotes the development of corre-
sponding question banks, encourages students to think divergently, and focuses on as-
sessing the flexible application of knowledge.

3.3. Integration of Competitions and Mechanical Art: Balancing Practical Implementation and
Educational Impact

The teaching team systematically reviews the typical applications of mechanical prin-
ciples in ancient agriculture, industry, and modern technology, and creates a teaching re-
source library integrated with ideological and political education (IPE). By showcasing
China's ancient technological achievements and modern industrial advancements, the
team guides students to appreciate the wisdom of ancestors, enhance their national pride,
and gain a deep understanding of the core role of mechanical engineering in national de-
velopment. This process aims to strengthen students' professional beliefs and inspire them
to dedicate themselves to the construction of the new era. In the teaching process, empha-
sis is placed on showcasing the dynamic beauty and artistic value of mechanical mecha-
nisms. Through dynamic diagrams and other forms, abstract and tedious mechanical
principles are transformed into visual and aesthetic experiences. Students are guided to
understand the composition and working principles of mechanisms from the perspective
of the fusion of art and structure. They are also encouraged to use software like Solid-
Works (SW) or ADAMS for simulation analysis and innovative design, fostering a sense
of accomplishment and motivation for exploration through aesthetic education. In teach-
ing practice, strict standards and a pursuit of excellence are emphasized. For example,
when drawing mechanism motion diagrams, students are required to strictly adhere to
national standards and use drafting tools such as rulers and compasses, cultivating a sense
of discipline and a meticulous craftsmanship spirit. Simultaneously, students are encour-
aged to repeatedly refine and continuously optimize their design works, focusing on the
details and fostering creative thinking. This approach strengthens scientific literacy that
values excellence and encourages innovation.

4. Teaching Effectiveness
4.1. Teaching Outcomes

The "One Core, Three Integrations" teaching model has significantly stimulated stu-
dents' initiative and classroom engagement. Before class, students build a basic under-
standing through textbook reading and micro-lesson preparation. By completing pre-class
assignments focused on "problem-concept-case," students establish an initial cognitive
framework for key knowledge points. During class, dynamic graphics and simulation
demonstrations enhance students' intuitive understanding of the working principles of
mechanisms. Group investigations and peer evaluations are organized around typical
units such as "four-bar mechanisms, cam-follower systems, gear transmissions, and link
mechanisms," which encourages students to internalize knowledge through progressively
structured tasks. Post-class activities, such as simulation experiments and competition
training, help students convert theory into actionable engineering skills. Accompanied by
process-oriented evaluations and digital learning feedback, students are empowered to
analyze their own progress and make timely improvements, thereby enhancing overall
learning motivation and effectiveness.
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Classroom interaction has become more frequent, and the majority of students report
that dynamic visual materials assist in understanding abstract content and enable them to
model and analyze mechanisms independently. Some student groups have even com-
pleted sensitivity analysis and optimization designs for mechanism parameters based on
simplified assumptions. This has also led to increased enthusiasm for participating in
technological innovation activities. Additionally, significant progress has been made in
cultivating students’ professional ethics and engineering culture. By reviewing ancient
and modern mechanical applications and integrating them into the teaching resources,
the course narrative emphasizes "engineering problems as the guide, with the history of
national science and technology as the background,” which enhances students' recogni-
tion of national technological history and engineering culture. The course also integrates
topics such as safety regulations, standardization, and green manufacturing, fostering stu-
dents' awareness of correct engineering values and social responsibility.

4.2. Teaching Achievements

After implementing the teaching reforms, students have achieved excellent results in
various provincial, ministerial, and university-level academic competitions. The teaching
team has actively guided students to participate in practical and innovative activities, with
over ten awards won in A-level provincial and higher competitions, covering areas such
as mechanism innovation design, virtual prototyping, intelligent manufacturing, and en-
gineering simulation. The team has also guided students to lead and complete two pro-
vincial-level student innovation and entrepreneurship projects and one university-level
project, while encouraging students to deeply engage in two faculty-led provincial and
ministerial research projects, showcasing their strong engineering practice and innovative
capabilities.

On the faculty side, significant improvements in teaching design and mentoring abil-
ities have been observed. The team has made notable progress in both teaching reform
and research, successfully securing two Ministry of Education industry-university-re-
search collaborative education projects, one provincial-level research project, and publish-
ing a total of ten teaching and research papers. Several faculty members have won first
prizes in university-level teaching competitions, demonstrating excellent professional eth-
ics and continuous development. These achievements not only reflect the teaching mod-
el's impact on improving students' practical abilities but also provide empirical support
for the future optimization of the course. On the one hand, a stable mechanism of "learning
through competition, research-driven teaching, and evaluation-driven reform" has been
established. On the other hand, a replicable classroom organization paradigm and re-
source development pathway have been formed.

4.3. Promotion and Application

By integrating classical mechanism applications and the history of mechanical devel-
opment into the course and combining them with competition practice, a distinctive
course feature has gradually emerged. The related teaching model has been applied in the
Mechanical Design, Manufacturing, and Automation program, receiving positive feed-
back and effectively serving as a demonstration model. The teaching team has actively
engaged with industry, participating in production practices and offering technical guid-
ance. As a core course within the professional curriculum, "Mechanical Principles" has
been jointly submitted for industry-university-research education reform projects with
enterprises, establishing a cooperative mechanism for exchange and mutual benefit be-
tween the university and industry. Students are now able to apply the theories learned in
class to real-world industry practices, with the variety of internship bases continuously
expanding, thus further deepening and broadening the integration of industry and edu-
cation. To support the development of the Engineering College's discipline construction,
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talent cultivation, and accreditation work, the team actively engages in experience ex-
changes and collaborations with other universities in areas such as talent development,
faculty construction, teaching research, and professional program development. By shar-
ing effective practices, the team aims to contribute to the high-quality development of
higher education.

5. Conclusion

This paper, under the context of New Engineering Education, addresses the pain
points in teaching Mechanical Principles and proposes and implements the "One Core,
Three Integrations" teaching model. The model, through layered micro-courses, visual-
ized simulations, the "five-ring interconnected" blended classroom flow, and competition-
driven training practices, effectively promotes the transformation of theoretical
knowledge into engineering practical skills, while enhancing students' professional iden-
tity and craftsmanship spirit. The promotion of this teaching model has effectively guided
students to deepen their understanding of knowledge, stimulate critical thinking, and
gradually develop the ability for self-directed learning and continuous innovation. This
practice has led to mutual growth and dual enhancement for both students and teachers.
In the future, the course team will continue to explore more efficient and scalable innova-
tion paths for teaching Mechanical Principles, actively advancing course reform and con-
tributing to the "Four New" initiatives, laying a solid foundation for cultivating first-class
application-oriented talents.
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