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Abstract. With the continuous innovation of education mode and the rapid de-

velopment of technology, the "competition and education integration" mode, as 

an emerging teaching reform method, has been gradually applied in various fields 

of higher education. As a comprehensive course in mechanical and electronic 

engineering, the "Mechatronics System Design" course is highly compatible with 

the requirements of the competition. The purpose of this paper is to explore the 

application of the "competition and education integration" model in the "Mecha-

tronics System Design" course, analyze the problems and challenges facing the 

current course construction, put forward specific teaching reform ideas and im-

plementation paths, and evaluate the reform effect. Through this reform, we aim 

to improve students' practical ability and innovative thinking, and promote the 

overall development of students' comprehensive quality. 

Keywords: race-teaching integration; teaching reform; implementation path. 

1 Introduction 

Since the new engineering discipline was proposed in 2016, it has become a major stra-

tegic choice for the reform of engineering education in the context of the new scientific 

and technological revolution, the new industrial revolution, and the new economy, and 

it is a new thinking and new way for the development of engineering education in China 

in the future [1]. The construction of new engineering specialties requires that the teach-

ing content focuses on improving students' learning interest, learning participation, 

learning effect and ability cultivation, and the reform of teaching content and education 

and teaching method is an important part of the talent cultivation mode of new engi-

neering [2-5]. Discipline competition as a form of practical teaching is an important driv-

ing force and second classroom for colleges and universities to enhance students' inno-

vative thinking, engineering ability and comprehensive quality, and it is an important 

way to cultivate composite and application-oriented talents [6]. Colleges and universi-

ties vigorously promote the discipline competition as an important initiative to cultivate 

innovative talents, based on the teaching concept of "race to promote teaching, race to 

promote learning, race to promote training", the "race and education fusion" training  
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mode has been actively explored and practiced. For example, Wang Jian [7] explored 

the practice of race-teaching integration in the teaching of microcontroller courses, 

from the organization of competition activities, extracurricular practice, practice ef-

fects, etc. to discuss and promote the cultivation of students' innovative thinking and 

practical ability. Wang Tianlei [8] and others explored the intelligent production engi-

neering professional course "industrial perception technology" of the "competition and 

education fusion" way to stimulate students' interest in learning, from the competition 

project to refine the innovation topic, improve students' practical ability. In this paper, 

we will start from the actual situation of the course "Mechatronics System Design", 

discuss its teaching reform ideas and implementation path, improve students' learning 

enthusiasm, and enhance the classroom teaching effect. 

2 Course teaching reform conceptualization 

2.1 The basic situation of the course 

The current social demand for talents is a composite talent with cross-thinking and able 

to solve practical engineering problems [9]. Mechatronics system design" course is 

adapted to the current needs of personnel training. The theoretical system of the course 

is based on industrial technologies such as mechanical structure design, control tech-

nology, sensor technology, measurement circuits and information technology. The 

course is formed by the intersection and penetration of a variety of technical disciplines. 

Course by a variety of technical disciplines intersection, penetration and the for-

mation of a comprehensive course, the technology involved in a wide range of areas, to 

cultivate students electromechanical product design capabilities, innovation, hands-on 

ability and to solve practical engineering problems has an important role. 

The target of this course is the senior students majoring in mechanical and electronic 

engineering, and the teaching hours are 48 hours. Based on the first three years of study, 

students have a deeper understanding of mechanical technology, computer-aided de-

sign technology, microcontroller system design technology, sensor technology, me-

chanical system design technology. At the same time, students have good independent 

learning ability. 

2.2 Problems of course construction 

The traditional teaching of this course is mainly based on classroom theory teaching, 

with few practical sessions. Due to the fact that this course involves many knowledge 

points, poor consistency of chapters, large jumps in knowledge, abstract content and 

difficult to understand, most of the students are not interested in this course, which leads 

to the teaching effect of this course is not ideal. 

The course team for the relevant teachers and students to conduct a questionnaire 

survey, the survey results show that the teaching of this course there are four aspects of 

the problem as follows: First, this course involves mechanical, control, electronic and 

other subject knowledge, the knowledge requirements of students is broader, the con-

tent of the chapters is relatively independent of the content, some of the content of the 
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students in the relevant courses have been studied, such as microcontroller, sensors, 

etc., but the student base is not the same, resulting in Teaching content is difficult to 

arrange; Secondly, this course is closely linked to practice, but students in the course 

of this course reflects the theoretical connection to practice, hands-on ability is poor, 

can not be flexible application of the knowledge learned; Thirdly, the lecture mode, 

teaching content, assessment mode is a single, resulting in low motivation for students 

to learn; Fourthly, this course is more theoretical teaching in the classroom-based teach-

ing process, the knowledge is very fragmented, it is difficult for students to master so 

that the cultivation of students' knowledge "is a good thing", but it is also a good thing 

that students are not able to understand the content of this course. Fourthly, the teaching 

process of this course is mostly based on classroom theory teaching, and the knowledge 

points are very fragmented, which is difficult for students to grasp. 

2.3 Ideas of course construction 

In view of the above problems, this course reconstructs the teaching content, divides 

the teaching content into two major parts, adopts online and offline hybrid teaching 

mode, and explores a new assessment mode, focusing on process assessment. In order 

to stimulate students' interest in learning, the teaching content is fully integrated with 

disciplinary competitions. According to the teaching content, the National College Stu-

dents' Advanced Drawing Technology and Product Information Modeling Innovation 

Competition, China Robotics and Artificial Intelligence Competition, Blue Bridge Cup 

National Software and Information Technology Professionals Competition, and Me-

chanical Innovation Competition are respectively integrated into the classroom teach-

ing, and the practical teaching method is improved by the competition training method, 

and the competition standard is taken as a part of the diversified evaluation of the 

course, and the professionalism is carried out throughout the teaching of the course and 

the training of the competition. The whole process of teaching and competition training. 

3 The implementation path of "race and education 

integration" teaching reform 

3.1 Construction of online and offline hybrid courses 

With the increasing maturity of information technology represented by the Internet, 

artificial intelligence and big data, online-offline blended teaching has become a new 

teaching pattern [10]. The online-offline hybrid teaching mode means that teachers pro-

vide learning resources such as teaching videos and knowledge point PPTs on online 

platforms, and students independently complete the learning of online resources outside 

the classroom, and obtain the corresponding credits after passing the examination [11]. 

In view of the characteristics of this course, which is characterized by a large number 

of contents and content, online and offline hybrid teaching is adopted. The online re-

sources were constructed on the Super Star platform. The online course is mainly the-

oretical knowledge, while the offline course is mainly practical. The online course 
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includes the following contents: introduction to electromechanical systems, mechanical 

structure design, control system design, sensor technology, machine vision technology; 

the offline course is based on the discipline competition project to carry out project-

based teaching, and the students work in groups to complete the design and production 

of an electromechanical product. 

3.2 Integration design of competition content and teaching content 

The course team is guided by the requirements of the competition, the relevant compe-

tition content is integrated into the corresponding teaching project of the course in a 

targeted manner, the competition project is used as a carrier for the integration of the 

teaching task design, the online learning resources to build the relevant competition 

resources, students master the relevant background knowledge in advance, and the im-

plementation of the project is carried out offline, and the corresponding relationship is 

shown in Table 1. 

Table 1. Correspondence between course teaching contents and competition contents 

num-

ber 

educational 

content 
Integration of content Competition Programs 

1 
Mechanical 

structure design 

Mechanical design 

principles and com-

puter-aided design 

technology 

Mechanical Innovation Design Competition and 

National University Students' Advanced Drawing 

Technology and Product Information Modeling In-

novation Competition 

2 
Control system 

design 

Microcontroller and 

embedded system de-

sign 

Blue Bridge Cup National Software and Infor-

mation Technology Professionals Competition 

3 
Machine vision 

technology 

Robot vision system 

construction 

China Robotics and Artificial Intelligence Competi-

tion 

4 
Sensor technol-

ogy 

Sensor data acquisition 

and output 
Mechanical Innovation Design Competition 

5 
Motor Drag 

Technology 

Motor drive and con-

trol 

Mechanical Innovation Design Competition and 

China Robotics and Artificial Intelligence Competi-

tion 

Mechanical Innovation Design Competition is a very important event for mechanical 

majors, which is carried out according to the theme given by the organizing committee, 

and design works in line with the theme. The competition focuses on cultivating college 

students' innovative design consciousness, comprehensive design ability and teamwork 

spirit; strengthening the cultivation of students' hands-on ability and engineering prac-

tice training, and improving students' ability to carry out practical work such as me-

chanical design and process production according to the actual needs through innova-

tive thinking. The content of the tournament can be well integrated with the mechanical 

structure design module, sensor technology module and motor drag technology module 

of this course. The main contents of Blue Bridge Cup National Software and Infor-

mation Technology Professionals Competition are: microcontroller design and devel-

opment, embedded design and development, C/C++ program design. The content of 

the tournament is integrated with the control system design module of the course to 
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stimulate students' learning interest. The National College Students' Advanced Drawing 

Technology and Product Information Modeling Innovation Competition includes me-

chanical drawing knowledge, computer graphics knowledge and lightweight design, 

which is highly integrated with the mechanical structure design module of the course. 

The China Robotics and Artificial Intelligence Competition includes four categories: 

innovation, competition, application and mission challenge. The competition involves 

humanoid, wheeled, multi-legged and other forms of robots and mainstream artificial 

intelligence technologies. The competition mainly tests the knowledge of robot and ar-

tificial intelligence innovation design and application, task challenge, scenario-based 

application and other levels. The content of the competitions is highly relevant to the 

teaching content of this course. 

3.3 Reform of assessment mode 

Course assessment is an important part of teaching activities in colleges and universi-

ties, and it is an important means to test the quality of teachers' lectures and teaching 

effects, and to evaluate the level of students' professional knowledge and skills [12]. 

Mechatronics System Design is an important compulsory course for mechanical and 

electronic engineering majors, and it is a comprehensive course for students after they 

have the basic knowledge of the specialty. It is a cross-curriculum oriented to applica-

tion and engineering practice. Theoretical content is extensive, systematic, and dupli-

cated with the courses learned in the previous period. The content of more class time is 

less, and the ratio of theoretical time to practical time accounts for a large proportion, 

according to this feature, from a practical point of view, the relevance of the contents 

of the chapters and other courses studied, in order to avoid the repetition of the content 

of the teaching of the theoretical content of the course of modularized teaching, to im-

prove the efficiency of theoretical courses and teaching effect, to save more class time 

to be applied to the practice of the course. The course used to take a closed-book as-

sessment, but the final examination results alone, the evaluation of students is too sin-

gle, combined with the characteristics of mechatronics courses for consideration, a sin-

gle closed-book assessment form is not the best way . At the same time as the curricu-

lum reform will be carried out, the course assessment method needs to be reformed. 

Students are required to complete the design and production of mechatronics products, 

and the works of the course are required to cover mechanical structure design and con-

trol system design, and have a certain degree of innovation. 

The course evaluation content has also changed from a traditional theoretical course 

to one based on large assignments, which include the use of three-dimensional software 

to design tree-planting robots, fruit-picking robots, drones, stair-climbing robots, intel-

ligent handling robots and so on. The project involves the design and preparation of 

technical information, the production of physical models, and the defense of the project. 

The evaluation of this course focuses on process evaluation. The final grade consists 

of online course learning and offline course completion. The online course grading in-

cludes: task point completion, tests and assignments, activities and discussion partici-

pation, accounting for 40%; the offline course grading includes: by the performance of 

students in the process of project implementation, the performance of students in the 
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defense process, the introduction of the work materials (physical works, manuals, 

demonstration videos, etc.), accounting for 60%, the detailed allocation of grading is 

shown in Table 2. 

Table 2. Grading scale for student performance 

Online Course Ratings Offline course ratings 

Task point com-

pletion 

ests and As-

signments 

Activity and Dis-

cussion Participa-

tion 

Performance during 

project implementa-

tion 

Performance 

defense 

Presentation of 

works 

20% 15% 5% 30% 10% 20% 

4 Effectiveness of the teaching reform of "integration of 

competition and education" 

4.1 Course evaluation 

The teaching reform of this course has been widely praised by students, who generally 

believe that their hands-on ability, comprehensive application ability and language ex-

pression ability have been greatly improved. Meanwhile, this course has been highly 

praised by teaching supervisors and peers. 

4.2 Effectiveness of Students' Learning 

Students have a good knowledge of mechatronics product design and production 

through this course. From the program design, to the virtual simulation design, and 

finally buy supplies, production and debugging of physical works and final defense. 

Comprehensive examination of students' theoretical knowledge level, practical hands-

on ability, writing ability, teamwork ability, language skills, vocational norms and 

standard work ability, comprehensive application of the knowledge learned, to solve 

the actual production problems, and to lay a good foundation for students to realize the 

transformation of professional roles. Through the study of this course, students partic-

ipating in the National University Students' Innovation Competition of Advanced 

Drawing Technology and Product Information Modeling, Mechanical Innovation Com-

petition, RoboCom Robot Developer Competition, and the National Comprehensive 

Skills Competition for Applied Talents have won one second prize and two third prizes 

in the national competitions, as well as three first prizes and 12 second prizes in the 

provincial competitions. 

5 Conclusion 

The application of the race-teaching fusion method in the teaching of "Mechatronics 

System Design" course is an effective way to promote the improvement of students' 

comprehensive quality and vocational competitiveness, as well as an important method 
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to promote teaching reform and innovation. The teaching reform of "Mechatronics Sys-

tem Design" based on the "Race-Teaching Integration" model not only improves stu-

dents' practical ability and innovative thinking, but also promotes the overall develop-

ment of students' comprehensive quality. In the future, this teaching mode is expected 

to be applied in a wider range of fields and levels, contributing to the reform and de-

velopment of higher education. 

Fund Projects 

Guangdong University of Science and Technology "Quality Project Program" 

(GKZLGC2023166). 
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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