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Abstract: This study proposes an AI-driven
teaching model for Agricultural Mechanics
that emphasizes intelligent guidance, virtual
simulation, and personalized assessment.
The model integrates smart
recommendations, 3D virtual labs, and big-
data feedback to facilitate a more profound
integration of theory and practice. In the
initial implementation phase, there was a
significant improvement in students'
theoretical scores, which increased by
18.5%, and a significant improvement in
their practical skills, which increased by
23.3%. This implementation also resulted in
significant improvements in interaction and
learning autonomy among the students. The
study proposes a replicable paradigm for
higher agricultural machinery education
reform and application-oriented talent
development by addressing challenges in
platform adaptation, algorithm accuracy,
simulation-to-reality transfer, and resource
investment. The proposed solutions include
staged training, algorithm enhancement,
and MR-based hybrid laboratories.
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1. Introduction
The advent of information technology has
precipitated the rapid development of artificial
intelligence (AI), which has demonstrated
significant potential across a variety of
disciplines, including education [1].
Agricultural Mechanics, a foundational course
in agricultural machinery engineering,
encompasses mechanical principles, structural
design, operational theories, and various
applications [2]. However, the conventional
pedagogical approach, predominantly reliant

on didactic lectures and experiential training
sessions, is constrained by a unidimensional
instructional strategy, an inadequate
incorporation of hands-on components, and
challenges in attaining customized education.
These issues become particularly pronounced
in the context of rapid technological
advancement and the modernization of
agriculture [3].
In recent years, educational authorities at both
the national and local levels have engaged in
the active promotion of teaching reforms in
higher education [4]. These reforms have
placed significant emphasis on the integration
of industry, academia, and research, as well as
the application of information and intelligent
technologies in education [5]. The integration
of intelligent evaluation, virtual simulation,
and personalized learning has effectively
addressed the limitations of conventional
teaching methods, providing novel
perspectives and approaches for course
instruction. The integration of artificial
intelligence into the pedagogy of Agricultural
Mechanics holds considerable potential to
enhance the quality of instruction, thereby
cultivating practical skills and innovative
thinking in students, which in turn can further
advance the development of talent in the
agricultural machinery field [6].
The objective of this study is to explore
innovative teaching models for Agricultural
Mechanics that are based on artificial
intelligence technology. The aim is to establish
a comprehensive instructional system that is
characterized by "intelligent guidance, virtual
simulation, and personalized evaluation." The
integration of an AI-driven intelligent learning
platform, a virtual simulation laboratory
system, and big data analysis methods is
expected to facilitate a seamless integration of
classroom instruction, practical training, and
feedback evaluation. The paper will analyze
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the current challenges in Agricultural
Mechanics education, investigate the
advantages of applying artificial intelligence in
various teaching components, design a
teaching model that meets the needs of modern
agricultural machinery talent development, and
validate its effectiveness and scalability
through pilot practices.

2. Theoretical Background and Related
Research

2.1 Analysis of the Current State in
Agricultural Mechanics Education
At present, agricultural mechanics as a basic
course of agricultural machinery engineering is
mainly based on conventional teaching
methods, namely classroom lectures and
practical training [7]. Despite the efforts of
certain institutions to modernize course content
and enhance experimental conditions in recent
years, the conventional teaching model
continues to exhibit several deficiencies. These
include an outdated curriculum, inadequate
practical training, and a lack of seamless
integration between theoretical concepts and
their practical application. These issues
directly impact the cultivation of students'
comprehensive practical abilities, underscoring
the necessity for the introduction of novel
teaching concepts and methodologies.

2.2 Application of Intelligent Technologies
in Education
In recent years, the application of digital and
intelligent tools in education has gradually
expanded with the continuous advances in
information technology. A substantial body of
research has demonstrated that the
incorporation of virtual simulations,
personalized learning, and real-time feedback
can markedly enhance teaching effectiveness
and student engagement. In the specific
context of engineering education, the
integration of intelligent teaching platforms
and simulation systems has yielded
encouraging outcomes, showcasing more
intuitive and adaptable approaches to practical
training. The integration of these technologies
enables instructors to monitor students'
learning progress in real time and provide
targeted guidance.

2.3 Theoretical Foundations for Innovative

Teaching Models
The innovative teaching model proposed in
this study is primarily grounded in the
following theoretical frameworks:
(1) Cognitive Learning Theory: This theory
emphasizes the active participation of students
in the process of internalizing external
information, thereby achieving a deeper
understanding through interaction and
reflection [8].
(2) Constructivist Learning Theory: This
theory posits that learners construct their own
knowledge through hands-on experience and
real-world engagement, thereby enhancing
their ability to solve practical problems [9].
(3) The Blended Learning Approach: This
approach integrates the strengths of both
online and offline instruction, leveraging
digital tools and virtual simulation platforms to
overcome the limitations of traditional
classroom teaching. It fosters an organic
integration of theory and practice, thereby
enhancing the educational experience [10].

3. Design of an AI-Based Teaching Model
for Agricultural Mechanics

3.1 AI-Enabled Teaching Model Framework
The present study proposes an innovative
teaching model, which is centered on the
integration of artificial intelligence
technologies with traditional educational
resources. This model, which is denoted as
"Intelligent Guidance-Virtual Simulation-
Personalized Assessment," aims to optimize
the overall teaching process. Initially, the
intelligent guidance component leverages
smart recommendation systems and knowledge
graphs to comprehensively analyze students'
current knowledge levels and learning progress
[11]. This analysis enables the creation of
customized learning pathways for each student,
facilitating the identification and remediation
of weaknesses while fostering independent
inquiry and the establishment of a coherent
learning framework. The application of
intelligent guidance ensures that course content
is precisely matched to student needs, thereby
fostering a deeper implementation of
personalized instruction [12].
Concurrently, the incorporation of virtual
simulation platforms establishes an innovative
practical environment for laboratory sessions.
These platforms offer highly realistic models
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and dynamic interactive technologies, thereby
reproducing the authentic operational
processes of key aspects in agricultural
machinery [13]. Consequently, students can
repeatedly perform experimental operations in
a virtual setting, unencumbered by physical
equipment or spatial limitations. The
integration of virtual simulation not only
reduces experimental costs but also enhances
safety and efficiency, providing students with a
robust platform for exploring and validating
theoretical knowledge. Furthermore, the visual
depiction of complex mechanical systems by
this simulation technology assists students in
comprehending the correlation between
abstract theories and their practical
applications.
Personalized assessment constitutes another
critical component of this model. Utilizing data
collection and analytical techniques, the
teaching system continuously monitors
students' learning progress and experimental
performance in real time. The system
automatically generates detailed reports,
highlighting students' strengths and areas for
improvement in both theoretical knowledge
and practical skills, while also offering
targeted recommendations for enhancement.
This mechanism not only provides instructors
with scientific feedback for teaching
adjustments, but also enables students to
modify their learning strategies in a timely
manner, promoting continuous improvement
and self-directed development [14].

3.2 Innovations in Core Teaching
Components
Innovation in the fundamental teaching
components is imperative for enhancing the
overall effectiveness of the educational process.
In the initial phase of classroom sessions, the
incorporation of intelligent voice assistants and
knowledge graph technologies empowers
instructors to dynamically access pertinent
case studies and ancillary materials, thereby
facilitating the transformation of abstract
theories into concrete concepts [15]. This
technology provides immediate responses to
students' inquiries and automatically adjusts
the depth and scope of the content to suit the
diverse cognitive levels of learners.
Consequently, classroom instruction evolves
from a one-way transmission of knowledge
into a dynamic, interactive process with active

participation from both teachers and students.
In the laboratory and practical training
segments, traditional hands-on operations and
simulated experiments are often constrained by
resource availability and the limitations of
physical environments, failing to address the
diverse and individualized practical needs of
students. The integration of virtual simulation
platforms enables students to engage
repeatedly in experiments within a virtual
environment, thereby acquiring comprehensive
experience with the structure and operational
processes of agricultural machinery. This
approach not only mitigates the risks and costs
associated with physical experiments but also
enhances the accessibility and
comprehensibility of complex mechanical
operations. Furthermore, the implementation
of remote monitoring and real-time data
collection enables instructors to observe
student performance from multiple
perspectives and provide targeted guidance and
corrective feedback based on the experimental
data collected [16].
In the domain of assessment and feedback, the
innovative teaching model places greater
emphasis on formative evaluation and dynamic
feedback. By systematically collecting and
analyzing a comprehensive array of student
learning data, the system is capable of
automatically identifying areas where students
may be encountering difficulties with
theoretical concepts or practical skills.
Consequently, it can generate detailed learning
reports. These insights enable instructors to
make timely adjustments to their teaching
methods, optimize course content, and develop
personalized remediation strategies for each
student. Concurrently, students receive
immediate feedback on their progress, which
serves to motivate self-directed learning and
continuous improvement.

3.3 Blended Learning Approach
The blended learning approach in this study
plays a pivotal role by integrating both online
and offline educational resources, creating a
flexible and efficient teaching model. Firstly,
the online component relies on digital
platforms such as MOOCs, virtual laboratories,
and real-time interactive systems, which offer
a wealth of learning resources and
personalized learning experiences [17].
Students can schedule their study time
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independently according to their pace and
interests, rewatch course videos, engage in
discussions, and complete online assignments,
thereby establishing a strong foundation in
theoretical knowledge [18].
On the other hand, the offline teaching
segment remains indispensable. Traditional in-
person training and laboratory sessions have
been redesigned within the blended learning
framework to ensure that hands-on practice is
maintained while benefiting from precise
guidance enabled by artificial intelligence. For
instance, instructors can utilize data collection
tools to monitor students’ performance during
experiments in real time and adjust on-site
instructional strategies accordingly. This
complementary model optimizes the allocation
of teaching resources, leveraging the strengths
of digital platforms while preserving essential
interactive and experiential components in
practical training [19].
Furthermore, the blended learning approach
emphasizes the establishment of a
collaborative teaching mechanism. A closed-
loop of information sharing and interactive
feedback is formed among teachers, students,
and intelligent systems. Instructors disseminate
course information, assign tasks, and monitor
learning progress via the platform; students
submit assignments, participate in discussions,
and receive immediate feedback; and the
intelligent system harnesses big data analytics
to provide scientific insights for teaching
improvements and assists instructors in
formulating personalized teaching strategies.
This multi-faceted collaborative model not
only enhances teaching efficiency, but also
promotes students' initiative and innovation
skills [20].
In conclusion, the blended learning approach
achieves seamless integration across all aspects
of the educational process, merging theory
with practice and online with offline
instruction. This model offers a practical and
effective pathway for reforming Agricultural
Mechanics education, contributing to the
cultivation of highly skilled agricultural
machinery professionals who possess both
solid theoretical foundations and extensive
practical experience.

4. Analysis of Teaching Practice and
Outcomes

4.1 Teaching Practice Case Study
In this study, a pilot project was conducted in
the Agricultural Mechanics course of an
agricultural machinery engineering program at
a selected university. The aim of the project
was to comprehensively reform traditional
teaching methods by introducing an
"Intelligent Guidance-Virtual Simulation-
Personalized Assessment" teaching model.
Prior to the initiation of the course, meticulous
preparations were undertaken, encompassing
systematic training for instructors, rigorous
testing of the digital platform's functionalities,
and the initial collection of data on students'
learning backgrounds. The preliminary
investigations and needs assessments provided
a scientific basis and clear direction for
subsequent teaching activities, thereby laying a
solid foundation for the new model's
implementation.
During the Intelligent Guidance phase, the
teaching team employed an online learning
platform to administer comprehensive
assessments of students. Pre-course
questionnaires and online self-assessment tools
were employed to gather baseline data
regarding students' existing knowledge and
skills in the subject. Utilizing intelligent
recommendation algorithms, customized
learning pathways were devised for each
student. In the classroom setting, instructors
employed the generated learning reports to
implement differentiated teaching strategies,
catering to the diverse levels of the students
and addressing their specific knowledge
challenges. This pedagogical approach not
only promoted greater interactivity in the
classroom, but also enabled students to quickly
identify their strengths and weaknesses at the
outset.
As the course transitioned into the Virtual
Simulation Experiment phase, students
engaged in a series of practical exercises using
a specially developed virtual laboratory
platform. The platform incorporated three-
dimensional models and dynamic simulations
of critical components in agricultural
machinery, enabling students to simulate tasks
such as mechanical assembly, operational
procedures, and troubleshooting within a
virtual environment. Through repeated practice,
students became acquainted with operational
protocols and were encouraged to explore
solutions autonomously when encountering
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complex issues, supported by system prompts.
Throughout the experimental sessions, the
system continuously recorded students'
operational trajectories and key performance
metrics, providing detailed data for subsequent
personalized assessments.
In the Personalized Assessment phase, the
teaching system integrated data from
classroom interactions, virtual experiment
performances, and periodic test results. Big
data analytics were then used to generate
comprehensive learning feedback reports. Each
report offered specific recommendations for
improvement in both theoretical understanding
and practical skills, enabling instructors to
conduct targeted individual tutoring and group
discussions. Additionally, a dynamic
adjustment mechanism was implemented,
allowing the system to update content
recommendations and difficulty levels in real
time based on students' progress, ensuring that
teaching resources were precisely aligned with
student needs. This case study provides a
compelling illustration of the multi-faceted
integration of intelligent technologies in
agricultural mechanics education, resulting in a
significant improvement in teaching quality
and student competence.

4.2 Evaluation of Teaching Outcomes
Upon completion of the pilot course, a
comprehensive evaluation of teaching
outcomes was conducted from both
quantitative and qualitative perspectives. This
evaluation was used to assess the effectiveness
of the AI-based teaching model.
Initially, the quantitative assessment entailed a
comparison of students' pre-test and post-test
scores to ascertain enhancements in theoretical
knowledge and practical skills. The findings
revealed that the mean theory score exhibited
an increase of 18.5%, rising from 68.5 to 81.2,
while practical operation scores demonstrated
a 23.3% improvement, increasing from 62.3 to
76.8. Paired t-tests were conducted to ascertain
the statistical significance of these gains, and
the results indicated that both were significant
at the p<0.01 level. This finding serves to
substantiate the model's substantial impact on
academic performance.
Second, we gathered student satisfaction and
self-perception data via a structured
questionnaire comprising 20 items across the
dimensions of intelligent guidance, virtual

simulation, and personalized assessment. The
findings indicated that 87% of students
concurred that the intelligent learning paths
facilitated the swift identification of deficient
areas. Moreover, 92% expressed high ratings
concerning the immersive and reproducible
nature of virtual simulation experiments.
Additionally, 84% endorsed the relevance and
actionable nature of personalized feedback
reports. The findings indicated that students
reported heightened engagement and a stronger
inclination towards self-directed learning.
Furthermore, semi-structured interviews with a
select group of students and instructors yielded
more profound insights into the model's
strengths and limitations. Students noted that
the low-pressure virtual environment allowed
for repeated practice, significantly reducing
anxiety around operating real equipment.
Instructors reported that system-generated
learning data enabled them to promptly
identify struggling learners and provide
targeted support, enhancing instructional
precision. However, some instructors noted
that the initial platform training demanded
considerable time, recommending the inclusion
of more detailed user guides and
demonstration videos in future iterations.
Finally, classroom observations and teaching
log analyses demonstrated significant increases
in interaction frequency, student-initiated
questions, and the depth of group discussions.
On average, teacher–student interactions per
session increased from 12 under the traditional
model to 25, while the rate of student-initiated
questions rose from 30% to 65%. Teaching
logs also documented multiple instances of
real-time instructional adjustments based on
system feedback, underscoring the model's
capacity for dynamic optimization.
In summary, the AI-enabled teaching model
achieved significant improvements in student
performance, learning experience, and
instructional strategy. However, the financial
implications of training and platform
integration merit further refinement,
delineating clear pathways for prospective
large-scale implementation.

5. Conclusions and Outlook
This study has developed and implemented an
AI-enabled teaching model for Agricultural
Mechanics by integrating intelligent guidance,
virtual simulation, and personalized
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assessment. The integration of
recommendation systems and knowledge
graphs has enabled the precise alignment of
course content with individual learning needs,
while the virtual simulation platform has
facilitated the mastery of complex mechanical
principles in a safe and efficient manner. The
personalized assessment framework, supported
by real-time data analytics, has enabled both
instructors and students to identify and address
learning gaps promptly. The findings of the
pilot program have demonstrated that this
model has led to significant advancements in
students' theoretical understanding and
practical skills. Additionally, it has fostered
greater classroom engagement and self-
directed learning. This model serves as a
replicable example for the reform of
agricultural machinery education.
In the future, as emerging technologies such as
mixed reality and digital twins continue to
mature, virtual simulation scenarios will
become increasingly realistic, delivering more
immersive learning experiences. The
refinement of recommendation algorithms and
the underlying data ecosystem will continue to
enhance the personalization of learning
pathways. The potential for broader adoption is
significant, as it can be achieved through inter-
university collaboration and industry
partnerships, which would extend the model's
reach and establish regional and national
benchmarks. Concurrently, the enhancement of
faculty and student training programs, the
investment in infrastructure, and the
implementation of continuous outcome
monitoring will ensure the model's sustainable
evolution. Through iterative refinement, the
AI-based teaching model is poised to become a
leading standard in higher education for
agricultural machinery, contributing to the
development of high-caliber, application-
oriented professionals equipped for modern
agricultural challenges.
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