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Abstract

With the rapid development of the intelligent manufacturing industry, the 
traditional curriculum system for mechanical engineering majors struggles to 
meet the demand for cultivating talents capable of designing and implementing 
mechatronic systems. Taking the reform of the “Principles of Single-Chip 
Microcomputers and Interface Technology” course as an opportunity, this paper 
introduces Engestrom’s third-generation activity theory as a theoretical framework 
to construct an activity system for mechanical engineering course clusters, 
with project cases serving as mediating tools. By carefully selecting seven core 
courses and five typical project cases, the initiative breaks down traditional course 
barriers and achieves an organic integration of knowledge consolidation and 
capability cultivation. Practical applications have demonstrated that this course 
cluster construction model can effectively enhance students’ engineering practical 
abilities and systematic thinking capabilities, providing a feasible reform path for 
cultivating application-oriented undergraduate talents in mechanical engineering. 
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1. Reform Opportunity
With the in-depth advancement of the “Made in 
China 2025” strategy and the rapid development 
of the intelligent manufacturing industry, industrial 
enterprises have set higher requirements for mechanical 
graduates’ electromechanical control skills, particularly 

their practical and innovative application abilities in 
intelligent manufacturing systems based on single-chip 
microcomputers [1]. As a core course in the Mechanical 
Design, Manufacturing, and Automation major, the 
Principles and Interface Technology of Single-Chip 
Microcomputers serves as a crucial pillar for the transition 
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from traditional machinery to intelligent manufacturing. 
The quality of its teaching directly relates to whether 
students can meet the demands of industry transformation 
and upgrading.

However,  tak ing  the  Mechanica l  Des ign , 
Manufacturing, and Automation major at Geely 
University as an example, traditional teaching of single-
chip microcomputer courses faces numerous issues: 
the course content lacks sufficient connection with 
prerequisite courses, leading to insufficient learning 
motivation among students; the teaching lacks guidance 
from authentic and advanced engineering project cases, 
resulting in inadequate practical application abilities 
among students; and the course design lacks avenues and 
platforms for fostering innovation, leaving students with 
weak engineering innovation capabilities [2]. Therefore, 
we have decided to undertake reform and innovation 
in the course “Principles and Interface Technology of 
Single-Chip Microcomputers.” 

2. Problem Awareness and Theoretical 
Guidance 
2.1. Problem Awareness 
During the reform process, we have recognized that 
reforming a single course is unlikely to fundamentally 
address the systemic issues related to student capability 
development. The current curriculum system in mechanical 
majors largely remains based on the “island model” 
of compartmentalized teaching [3]. Each course, as an 
independent “activity system,” possesses its own set of rules 
(syllabus, assessment criteria), tools (textbooks, experimental 
equipment), community (instructors and students), and 
division of labor (roles of teachers and students). While this 
model facilitates the systematic transmission of knowledge, 
it contradicts the interdisciplinary and collaborative nature 
required to solve modern engineering problems [4].

The issues of students’ insufficient learning 
motivation, inadequate practical abilities, and a lack of 
engineering innovation capabilities cannot be resolved 
solely through the reform of a single course. The root 
causes of these problems lie in the lack of effective 

integration among courses, fragmented knowledge 
transmission, and the difficulty in forming systematic 
competencies[5]. Therefore, we require a systematic solution 
capable of integrating resources from multiple courses.

2.2. Theoretical Guidance 
Engeström’s “Third-Generation Activity Theory” [6] 
provides us with theoretical guidance. The core analytical 
unit of this theory is the activity system, which comprises 
six interconnected core elements: subject, object, tools, 
rules, community, and division of labor. The central 
tenet of the theory is that the most effective learning 
occurs during the processes of “boundary crossing” and 
“collaborative construction” across multiple activity 
systems in response to complex challenges.

3. Construction of the Course Group 
Activity System
3.1. Course Selection 
Based on the Third-Generation Activity Theory, we 
have selected seven core courses to construct the 
Course Group Activity System. These courses cover the 
complete process from “conceptual design” to “physical 
implementation” and then to “intelligent control[7],”  

reflecting the interdisciplinary integration of “mechanics-
electronics-control.[8]” 

3.2. Project Selection 
Projects serve as the bridge connecting course knowledge 
with student capabilities and are the key mediating tool for 
activating the entire “Course Activity System.” We have 
chosen five typical projects that collectively form a logically 
coherent and progressively structured project system. [9]

3.3. Decomposition of Practical Content
Each project is broken down into individual courses, 
ensuring that each course has clear, specific, and 
irreplaceable practical tasks. Below is an example of the 
breakdown of practical content for the Smart Inductive 
Desk Lamp project: 
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4. Implementation Results and 
Conclusions 
After a semester of pilot implementation, the construction 
of the course cluster has achieved initial success. Students’ 
enthusiasm for learning has significantly increased, and 
they are now able to actively integrate knowledge from 
multiple courses to solve complex engineering problems. 
The project-driven learning model has enabled students 
to gain a deeper understanding of knowledge points and 
significantly improved their practical abilities. 

This paper takes the curriculum reform of 
“Principles and Interface Technologies of Single-Chip 
Microcomputers” as a starting point and constructs 
an activity system for mechanical professional course 
clusters using third-generation activity theory. By 

carefully selecting courses and project cases, it organically 
integrates knowledge points from multiple courses into 
project practices, breaking down the barriers of traditional 
subject-based teaching. This model not only enhances 
students’ interest in learning and practical abilities but 
also provides a reference path for the construction of 
course clusters in application-oriented undergraduate 
institutions. 

In the future, we will further refine the evaluation 
system for course clusters, expand the reach of our reform 
achievements, and explore more project cases suitable 
for course cluster teaching, continuously optimizing the 
operational mechanism of the course cluster activity 
system.

Table 4. Example of Breakdown of Practical Content for the Smart Inductive Desk Lamp Project 

Course Name Practical Content Breakdown

Mechanical Drawing and Computer 
Graphics

Create 2D part drawings for lamp components such as the bracket, lampshade, and base. Learn the 
drawing representation and dimensioning of sheet metal or plastic parts.

Computer-Aided Design (CAD)
Create a 3D model of the desk lamp, perform virtual assembly and interference checks, and conduct 

motion simulation of the lamp arm joint to verify its adjustment range.

Fundamentals of Mechanical Design
Design the hinge mechanism for the lamp arm, perform torque calculations and stability analysis, and 

select appropriate standard components such as pivot shafts.

Principles of Microcontrollers and 
Interface Technology

Learn to read signals from PIR (Passive Infrared) sensors and photoresistors; program PWM (Pulse 
Width Modulation) output to control RGB-LED for dimming and color adjustment.

Sensors and Detection Technology
Gain in-depth knowledge of the principles, characteristics, and application circuits for PIR sensors, 

photoresistors, and touch sensors.

Mechatronic Transmission Control Learn the principles of LED driver circuits, such as constant current drivers.

Fundamentals of Control 
Engineering

Establish a system block diagram for closed-loop brightness control, introducing the concepts of 
open-loop and simple closed-loop control.
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