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Abstract. Due to the complex formulas and abstract knowledge in the course of
"Fundamentals of Control in Mechanical Engineering", as well as the different
abilities of students to absorb and digest knowledge and their different needs for
learning, there are problems such as poor student motivation, low interest in
learning, difficulty in synchronizing teaching, and ineffective teaching results.
To solve the above problems, this article proposes a hierarchical teaching model
based on online and offline blended teaching. It applies blended teaching to daily
classes, progressing from before class, during class, and after class stages to en-
hance students' basic learning; at the same time, different types of large assign-
ments are used as an important means of hierarchical teaching to enhance stu-
dents' learning abilities. After implementing a round of "layered" teaching for the
20th grade of mechanical and electronic engineering, the analysis of the layered
teaching method from the aspects of students' initiative, participation in the
course, and learning effectiveness shows that this method effectively improves
students' learning interest and initiative, and improves classroom teaching differ-
ences. It is an effective teaching method.

Keywords: Fundamentals of Mechanical Engineering Control; blended learn-
ing; Hierarchical structure.

1 Introduction

A Fundamentals of Mechanical Control is an important technical foundation course
for undergraduate majors in mechanical engineering. It is based on control theory and
integrates knowledge from multiple disciplines such as mechanical engineering,
mathematics, physics, electrical engineering, and electronics. It covers a wide range
and requires high academic foundation from students; at the same time, the course
involves many abstract concepts such as transfer functions, frequency characteristics,
root trajectories, etc. In order to analyze and design control systems, a large amount of
mathematical deduction and calculation are also required. Therefore, students need to
have strong abstract thinking and logical reasoning abilities!!I213],

Due to the two characteristics of the course itself, students often feel bored and dif-
ficult to understand during teaching due to the large number of mathematical deriva-
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tions and theoretical analyses that appear in the course. Students lack the ability to
connect abstract theoretical knowledge with concrete mechanical engineering prob-
lems, resulting in insufficient learning motivation; However, traditional classroom
teaching is mainly based on lectures, and coupled with the reduction of theoretical
teaching hours in recent years, it is even more difficult to stimulate students' interest
and initiative in learning; during the teaching process, some students requested to
deepen the course content for future studies, while others hoped to meet basic course
requirements. This resulted in significant differences in students' learning needs, lead-
ing to uneven learning outcomes and unclear effectiveness of blended learningIl3],

To this end, based on online and offline blended teaching, this article proposes a
hierarchical teaching method. It discusses whether the application of this method can
effectively address issues such as low student interest in learning, poor initiative, and
significant differences in learning needs, from the perspectives of its design ideas,
implementation process, and teaching effectiveness.

2 Design Ideas of Hierarchical Teaching Method

The design concept of hierarchical teaching method is shown in Figure 1.
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Fig. 1. Design ideas of hierarchical teaching method

2.1  Progressive Classroom Teaching

Deeply apply online and offline blended teaching, require students to preview before
class and collect cases related to knowledge points, analyze the connection between
knowledge points and the engineering case, record the analysis process and conclu-
sion in a video and upload it to the learning platform group task, and organize stu-
dents to conduct self-evaluation and peer evaluation of this process. While strengthen-
ing students' ability to collect and analyze data, it also improves their initiative; during
the class, the flipped classroom approach is used to have students lead the introduc-
tion of engineering cases and introduce the course, thereby enhancing student en-
gagement; after class, basic homework questions (required) and advanced thinking
questions (optional) are distributed on the learning platform to strengthen students'
application of knowledge, expand their engineering thinking, and cultivate their prob-
lem-solving abilities®I7E],
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2.2 Hierarchical Planning Enhances Capability

Introduce the software tool Matlab, upload basic teaching videos on learning platform
to ensure that students have basic control system building capabilities; in the middle
of the course, large assignments of different levels are issued, and students can choose
according to their own learning situation to meet the application needs of different
students for the course.

There are three types of large assignments, the basic type is confirmatory pro-
gramming, where the teacher sets the question and students who choose this type are
required to independently complete the programming in Matlab and verify the per-
formance of the model, with a maximum score of 60. The application type requires
combining mechanical professional content, with students forming teams to complete
3D modeling and control analysis in Matlab. The full score is 90. The design type
requires students forming teams and combining current social conditions, using
Matlab to design simulation platforms in any field. The full score is 100. All major
assignments require students to record analysis videos and write descriptive reports,
and upload all materials to the learning platform before the deadline specified by the
teacher for scoring®I1olt1,

3 Implementation Process of Hierarchical Teaching Method

3.1 Mixed Teaching Lays a Solid Foundation and Improves Learning
Initiative

Online resources are the foundation for students to understand the course content.
This course is based on the Superstar platform, using "teachers recording videos" +
"Tsinghua University - Control Engineering Fundamentals Teaching Video" as online
resources for theoretical knowledge; at the same time, according to the course con-
tent, upload relevant Matlab software learning videos to lay a good foundation for the
practical application of the course, as shown in Figures 2 and 3.

Fundamentals of Mechanical Engineering Control
Catalogue

~ The First Week

1.1 Chapter 1 Introduction

1.2 Chapter 2 Mathematical Model of Control System 2.1-2.2
~ The Second Week

2.1 Chapter 2 Mathemarical Model of Control System 2.3
2.2 Chapter 2 Mathematical Model of Control System 2.4-2.§
I 2.3 Matlab practice 1-6 I

-~ The Third Week

3.1 Chapter 3 '

ne Domain Analysis of Control Systems 3.1-3.3

3.2 Matlab practice 7-13

Fig. 2. The teacher records the video himself
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Mathematical Model (Part 1)

Mathematical Model (Part Z)

Mathema! odel (Part 3

Fig. 3. Teaching video of tsinghua university

Before class, students are required to collect and analyze teaching cases based on
theoretical knowledge points, with the aim of enhancing their subjective initiative,
integrating boring theoretical knowledge with engineering practice, and deepening
students' understanding of the course content. This task is organized in groups, and
each student is responsible for collecting, organizing, creating PPTs, selecting materi-
als, analyzing and reporting on the case according to their division of labor. They
record and upload the explanation video to the learning platform group task, and con-
duct self-assessment and peer assessment within the group to improve their teamwork
skills. See Figure 4. In the classroom, we conduct a flipped classroom. Due to limited
classroom time, we randomly select two groups for each flipped classroom, as shown
in Figure 5.

© || Chapter2 Pre class Case Collection

Grouping Group Details
Group 1 eople) 82 points
Group 2 (9 people) 80 points
Teacher evaluation
Group 3 (7 people 84 points Teacher

Comment: The case selection is very innovative, the explanation is
clear, and the PPT suggests fewer words, making great progress

Fig. 4. Case collection and evaluation before class
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Fig. 5. Flipped classroom in class

During the theoretical class, teachers should also pay attention to the selection of
engineering cases that are compatible with students' daily lives and easy for them to
understand. For example, when explaining the unit pulse signal, selecting a car colli-
sion to describe the characteristics of the signal is shown in Figure 6; at the same
time, we should keep pace with the development of knowledge and technology, that
is, the teaching cases should be in line with the development of the field of mechani-
cal engineering control. For example, when introducing the course of time-domain
analysis of control systems in Chapter 3, the case selection should be based on the
damper that resisted the recent typhoon that hit Shanghai, Shanghai Huiyan. See Fig-
ure 7. The teaching cases should be closely related to current events, allowing stu-
dents to intuitively feel "learning for application" and enhance their interest in learn-
ing.

I ®

Signal Name

Unit step signal

Unit speed signal

Unit acceleration signal

Unit pulse signal

Sinusoidal signal

L 1 0w 1

Fig. 6. Example of unit pulse signal



Exploration of Hierarchical Teaching Method 177

\

How exactly did it w\ithstand the typhoon?

Fig. 7. The case of Shanghai Huiyan damper

The post-class advanced thinking questions are based on theories but involve engi-
neering problems in various fields, cultivating students' abilities to "draw inferences
about other cases from one instance" and "divergent thinking". Students can choose to
do thinking questions according to their own learning situation, encourage students to
show their analysis process, strengthen students' understanding of theoretical
knowledge, and cultivate students' ability to express, not be nervous, and solve engi-
neering problems. as shown in Figures 8 and 9.

Thoughts?

Engineering Problems: DC Motor Speed Control

DC motor speed control is used in a wide range of applications, such as
quadcopter drones, which ultimately rely on the speed control of the motor's
propeller to perform complex flight mevements. Known motor mathematical model:

w'(t) + w(t) = 200u(t)
The motor speed control system is designed to achieve more than 95% of the
desired value within 0.5 seconds.

= o

B S S

Fig. 9. Student demonstration of the analysis process
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3.2  Hierarchical Teaching Improves Ability and Meets Different Learning
Needs

Add a questionnaire on the intention of teaching stratification, as shown in Figure 10.
The differences in students' curriculum needs are reflected in their choice of different
types of large assignments, and the acceptance evaluation requirements for different
types of large assignments are also different. Statistics and analysis are conducted on
each survey questionnaire, and the next round of teaching assignments is optimized
based on the propogion of students' choices, as shown in Figure 11.

<

A Questionnaire on the Selection of Large
Assignments for Hierarchical Instruction in
Mechanical Eng

This course sets three types of assignments, the basic type is mandatory, to
‘validaie’ the leamning of the main, by the teacher io provide the model to be verified,
sludents were theorelical calculations and software programming analysis,
verification of the consistency of the model conclusions and verify the stability of the
program and acceptance In the form of a lab report, the weight of 0.6. The
application type consists of students combining the mechanical profession itself 1o
propase the control environment and control object of the subject, carrying out three-
dimensional moedelling of the mechanical structure of the subject and the writing of
the control program, and importing the mechanical mode! into the software for
debugging and running of the confrol program, and acceplance in the form of a
design speciication, with a weighting of the basic type +0.3.Design type by
studenis combined with the current social situation, can be innovative in many areas

Start Answering

Fig. 10. Survey questionnaire on teaching stratification intentions

A Questionnaire on the Selection of Large Assignments for
Hierarchical ion in Mechanical Engineering Control
Fundamentals A T

2. Your speciality is? 3.What is your grade level? 4.Tn addition to leaning software In class, do you deepen your leaning
of programming software in your spare time?
150
A Mechamcal nd Elecronsc Engnerng 10053 100%
100
B Elecrons Enginceriog (Awociaeso | 0% A
Bachelor) 50 . A T
© Mechanical mamfoctuing sod sutomation |l 0% 0% 0% 0%
0 — — — B. Ne: 56%
D Roboics Enginsering il 0%
T S 1
o 120 LU

5. Which of the three types of assignments in this course do you prefer?

€. Design type: 9.33%

. _— A. Basic type: 34.67%

B. Application oriented: 56%
Fig. 11. Statistics of questionnaire data

There are three types of large assignments: the basic type of large assignments,
which are mainly based on "validation" learning, mainly tests students' basic software
programming and theoretical analysis and calculation, in order to improve their logi-
cal thinking ability and ability to analyze using modern software and hardware tools,
as shown in Figure 12.
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Fig. 12. Presentation of students' works for the basic type of large-scale assignments

The application-oriented large-scale homework of building a control platform in
combination with mechanical engineering examines programming skills, integrates
engineering problems and professional characteristics of mechanical engineering into
the design and analysis of control systems, and effectively combines mechanical

modeling and control program writing to improve students' ability to solve engineer-
ing problems, as shown in Figure 13.
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Fig. 13. Demonstration of students' works in applied large assignments

The design-oriented large-scale homework, which is based on improving students'
engineering design and research and development capabilities, requires students to
design a control simulation platform in their areas of interest, taking into account

current social conditions, as shown in Figure 14.

| Engineering Control Fi

The Big-Homewark of Mechani
5 & Q(Songstyle ~ 5 v X A B F U A K- A- O~
0-[60P8|H-[a- I [Fid-
Outline x
Part I Foundation Type C
* Part Il Nonlinear Adaptive
Controller Design
1.The concept of
counterbalance
2.Define counterbalance
mathematically
3.Lyapunov stability
4.Lyapunov direct method
5.Feedback linearization
6.Case Design

‘Sampie besed [T60 000

Fig. 14. Display of students' works for design-based large assignments

4 Analysis of the Effectiveness of Hierarchical Teaching

4.1  The Classroom Atmosphere Is Lively and the Learning Initiative is
Enhanced

By guiding students to analyze cases, explaining them in class, and discussing them
with teachers and students, students are able to express their own ideas and effectively
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mobilize their learning enthusiasm; the different opinions and discussions of students
on the same engineering problem greatly enliven the classroom atmosphere, making
the course "Fundamentals of Mechanical Engineering Control" no longer "dull".

4.2  Online+Offline, and Increased Student Participation

Online: Compared with the 18th level (traditional teaching method), the number of
video viewing tasks released for the 20th level (hierarchical teaching method) has
increased from 21 to 28, but the average number of views per person has increased
from 0.86 to 1.38, as shown in Figure 15. The participation rate of students in the four
group tasks distributed by the 20th grade was 100%, as shown in Figure 16.

. Task Points Have
000 Been Published 2 1

Task Points Have 28
BO0| Been Published

(a) Grade 18

(b) Grade 20

Fig. 15. Number of times students watch video tasks

Total distribution of group tasks: 4 times
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Automation Engineering
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e 20202102026 College of Electromechanical and Mechanical and Electronic 2001 4
0
Rui Li Automation Engineering
" Mechanical and Electronic
Zhe Wang 20202102017 College of Blectromechanical and 2001 4

Automation

Engineering

Fig. 16. Proportion of students participating in group tasks

Offline: In addition to the flipped classroom, there are also question-and-answer
sessions and problem-solving sessions on stage during class. Each class is completed
by a different student to ensure full coverage of students throughout the entire teach-
ing cycle and increase student participation in the teaching process. See Figure 17 for
the students' problem-solving on the stage.
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Fig. 17. Students solving problems on the platform

4.3  "Teaching Students According to their Aptitude'" to Meet Their Learning
Needs

Through the setting of basic and advanced assignments, some students' confidence in
continuing their studies can be satisfied; the choice of different types of large assign-
ments ensures to some extent that each student can master and learn the course
knowledge, achieving "teaching students in accordance with their aptitude". Students
who choose the basic type can complete basic course requirements and master certain
theoretical foundations and professional abilities on the one hand, and on the other
hand, they do not have to face the pressure of completing uniformly difficult and large
assignments in traditional teaching methods; students who choose application-
oriented or design-oriented courses, on the basis of ensuring the curriculum require-
ments, greatly develop their design potential, analytical skills, and ability to deal with
engineering difficulties, while also gaining a more solid grasp of knowledge.

4.4  "Mathematical Analysis" to Continuously Improve Teaching Methods

In order to investigate whether the hierarchical teaching method has a significant
impact on students' exam scores, under the premise of basically consistent question
types, question quantities, and difficulty levels, the scores of the final exam for the
course "Fundamentals of Mechanical Engineering Control" for two grades, Grade 18
(traditional teaching method) and Grade 20 (hierarchical teaching method), were se-
lected as the main subjects for analysis, and data statistics and variance analysis were
conducted!'?3114], The results are shown in Tables 1 and 2.

Table 1. Statistics of final exam scores for students in grades 18 and 20 in "Fundamentals of
Mechanical Engineering Control"

Data Statistics Type

GradeLevel Mean Standard Devia- Passing Rate
Sample Size Highest Score | Lowest Score
Value tion (%)
18 62.7 49 7.58 71.4 76 0
20 69.5 67 17.62 86.6 90 3
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Table 2. Analysis of variance of final exam scores for students in grades 18 and 20 in "Funda-
mentals of Mechanical Engineering Control"

Source of Difference | SS df MS F P-value | F crit
Between groups 1306.047 1 1306.047 6.43 0.0125 3.92
Within group 23150.75 114 203.0767

Total 24456.79 115

The data statistics in Table 1 show that the average score and pass rate of Grade 20
have significantly increased compared to Grade 18; in Table 2, the analysis of variance
assumes HO: the hierarchical teaching method has no significant impact on test scores,
with a specified significance level of a=0.05. From the data in the table, it can be seen
that since F=6.43>F,=3.92 and P=0.0125<0=0.05, the null hypothesis is rejected,
which means that the impact of hierarchical teaching methods on test scores is signifi-
cant.

The above analysis results show that the hierarchical teaching method has a positive
effect on students' academic performance, which indirectly confirms that the method
can stimulate students' interest in learning. At the same time, teachers should flexibly
adjust their teaching methods based on the analysis results and continuously improve
their teaching methods.

5 Conclusions

This article applies the hierarchical blended teaching method to the course teaching of
"Fundamentals of Mechanical Engineering Control". Through the "online and offline"
blended teaching, classroom teaching alleviates the possible sense of loneliness
among students in online learning, and enhances teacher-student interaction. At the
same time, students can flexibly access the required resources and summarize them
with the help of online teaching methods, enhancing their interest in the course and
improving their ability to learn independently. Based on the differences in students'
future plans, the hierarchical reform of the curriculum is beneficial to "teaching stu-
dents according to their aptitude" for different learning needs. Through the analysis of
students' test scores, it reflects the positive impact of hierarchical teaching methods on
learning effectiveness, proving that this method is effective.

This method also faces some challenges in its implementation process: for exam-
ple, compressing class hours has a certain impact on the implementation cycle of the
program, which can result in too many tight links and students being overwhelmed.
Another example is that students have a greater degree of autonomy in choosing large
assignments, which can lead to a phenomenon where most students choose basic-level
assignments, which is not conducive to the effective evaluation of hierarchical teach-
ing methods. In the subsequent adjustment of teaching methods, it is important to
coordinate the release time and quantity of each link, adjust the difficulty level, refine
the large-scale assignment questionnaire, and lay a good foundation for the sustaina-
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bility of the hierarchical teaching method. At the same time, it provides a new way of
teaching for teachers who are engaged in this course.

Acknowledgment

University-level project: Research on the hierarchical teaching reform of the course
"Fundamentals of Mechanical Engineering Control" under the blended teaching mod-
el (2202Y06).

References

1. Pu Guanghua, Duan Shoufu Research on the Teaching Reform of the Course "Fundamen-
tals of Mechanical Engineering Control" Based on the Lean Management Theory [J] Mold
Manufacturing, 2024, 24(09): 74-76+79

2. Ji Bin, Chen Xingyan Exploration into the Teaching Reform of the Fundamental Course of
Mechanical Engineering Control within the Context of Engineering Education Professional
Accreditation [J] Public Standardization, 2024, (12): 137-138+141

3. Zhang Laixi Bilingual Teaching and Practice of "Fundamentals of Mechanical Engineering
Control" under the Background of "Double First-Class" Construction [J] Education and
Teaching Forum, 2023, (34): 27-30

4. Hu Yueming, Zhou Peng, Liu Fei, et al Exploration into the Construction of First-Class
Course in the Fundamentals of Mechanical Engineering Control [J] Journal of Higher Ed-
ucation, 2023, 9(24): 17-20

5. Feng Qiyun Analysis of Teaching Cases in the Fundamental Course of Mechanical Engi-
neering Control [J] Electronic Technology, 2023, 52(08): 167-169

6. Yang Kai, Li Haodong Exploration of the hybrid teaching model for the control foundation
of mechanical engineering [J] China Educational Technology Equipment, 2021, (24): 57-
59+65

7. Zhang Jing Exploration of the online and offline combined experimental teaching mode of
mechanical engineering control foundation [J] Times Automobile, 2021, (21): 82-83

8. Sun Ling, Li Yichen Research on the blended teaching approach in the foundational course
of control engineering [J] Education and Teaching Forum, 2020(52): 241-243

9. Xing Jingyi Application of MATLAB in the Teaching of Mechanical Engineering Control
Fundamentals [J] Electronic World, 2021, (09): 90-92

10. Xiao Nenggqi, Fang Zifan, Chen Baojia, et al Research on the application of virtual simula-
tion teaching in the basic course of mechanical engineering control [J] Heilongjiang Sci-
ence, 2021,12(09):66-67

11. R. Wagnerova, Farana R .Automatic Control Fundamentals Teaching at Faculty of Me-
chanical Engineering[J]. 2005.

12. Fang Zhengrui. Analyzing the teaching effectiveness of two teaching modes using mathe-
matical statistics methods [J]. Journal of Luoyang Normal University, 2014, 33 (08): 125-
127.

13. Pushmina M Y. THE USE OF ANALYTICAL METHODS OF MATHEMATICAL
STATISTICS FOR IDENTIFYING RURAL PLACES WITH GROWTH PROSPECTS:
(with particular reference to Kaliningrad Oblast)[J].Soviet Geography,2013,19(8):559-566.

14. Severini A T .Analytic Methods in Sports[M].Taylor and Francis;CRC Press:2014-08-13.



Exploration of Hierarchical Teaching Method 185

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
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.


http://creativecommons.org/licenses/by-nc/4.0/

	Exploration of Hierarchical Teaching Method for "Fundamentals of Mechanical Engineering Control"



