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Abstract: Under the background of new engineering, the course "mechanical measurement
and control comprehensive experiment” is a multidisciplinary comprehensive experiment
course, and the traditional teaching mode can hardly achieve the teaching goal. Therefore,
the application practice of PBL (Problem-based learning) teaching method in the teaching
course "mechanical measurement and control Comprehensive experiment™ is proposed.
Through vertical design: set questions before class, exploration learning in class and
feedback summary after class, horizontal design: teacher activities, student activities,
assessment and evaluation, combined with the online and offline links provided by the
school, such as one-network learning platform, tutoring and question answering, self-study
and guidance, 288 mechanical major students in 2021 were studied on teaching application.
The practical results show that: The introduction of PBL teaching method into the course
of "Mechanical Measurement and Control Comprehensive Experiment” has significantly
improved the effect, which can fully mobilize the enthusiasm of students in learning,
effectively improve the ability of students to learn independently and solve problems, and
also improve the interaction distance between teachers and students. This teaching mode
has certain reference significance for other courses to introduce PBL teaching method to
cultivate students' inquiry spirit, innovative thinking and cooperation ability.

With the development of modern intelligent manufacturing technology, the demand for mechanical
testing and control technology and talents is growing [1]. In the “new engineering” talent training
background, in order to cultivate mechanical testing and control of multidisciplinary cross high-end
composite talents, our school for mechanical design and manufacturing and automation students
opened the “mechanical testing and control of integrated experiments”, the experimental course
focuses on the theory of professional knowledge and engineering practice precision combination,
compared with the traditional experimental course of theoretical learning and practical knowledge
learning, the course is based on a variety of sensors, sensors and control technology and talents. This
experimental course pays particular attention to the precise combination of theoretical expertise and
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engineering practice. Compared with the traditional experimental course of theoretical learning and
practical knowledge learning, this course is based on the main line of measurement and control of a
variety of sensors, emphasizes the cultivation of students to combine theory and practice, the ability
to practice under the guidance of theory and improves the practical ability of the students, and
cultivates the students' ability to deal with the problems through the application of a variety of sensors
in various scenarios, including problem discovery, analysis and solving [2-3]. Therefore, the
traditional classroom model is usually teacher-centered, and the course effect is often unsatisfactory
through one-way knowledge transfer [4].

PBL (Problem-based learning) teaching method is known as problem-based learning, through the
teacher selects and sets some actual problem situations, makes students enter the situation, and guides
students to analyze the problems through cooperation, mutual help, sharing, etc., so that the students
can acquire key knowledge in the process of analyzing and solving these problems [4-5]. In this
course, “Mechanical Measurement and Control Comprehensive Room Experiment”, the research and
practice of PBL teaching method is carried out, utilizing the one-network learning platform provided
by the school for online pre-course preparation and post-course discussion, carrying out group
instructional design and exploratory learning in response to the set problems, and combining tutorials,
Q&A and self-study tutorials for offline teacher-student exchanges to cultivate the spirit of inquiry,
innovative thinking and collaborative work. The spirit of inquiry, innovative thinking and
collaborative ability, improve students' independent learning and problem solving ability, and provide
practice and exploration for the new path and new direction of “new engineering” talent cultivation
in the context of “Made in China 2025”[5-6].

1. Introduction to PBL pedagogy and current status of research

PBL (Problem - based learning) teaching method was founded in the 1860s by Howard Barrows,
an American professor of neurology, and was initially proposed in order to develop a teaching method
for medical students, which advocates a problem-oriented self-study learning style, with real-life
problems as the vehicle to facilitate students' learning of concepts and principles, and is an active
learning teaching method [7]. According to the teaching process of PBL, the first link is to set up the
problem for the teaching case, divide the students into several groups according to 2-4 people, then
set up a group leader for each group to conduct group learning and discussion, and let students explore
and solve the problems through cooperation and communication. In this process, the teacher guides
and finally conducts the results demonstration and summary to improve students' ability to
comprehensively think about the problem, analyze the problem, and finally solve the problem [8].

Currently, PBL is widely used in non-medical courses such as nursing, pharmacy, biology, physical
sciences, electrical and electronic engineering, international trade, etc., and is often combined with
CBL (Case based learning) and 3-Turns (Turn up, Turn away, Turn back) to carry out problem- or
project-based discussion-based and Inspired teaching emphasizes placing students in complex and
meaningful problem situations or projects to develop their independent learning ability, innovation
potential and teamwork spirit [9-10]. Yan Chunlan et al [11] explored the application practice of PBL
teaching method in the course of Microbial Physiology Course from the aspects of implementation
process, application principles, and implementation effects, which laid the foundation for the effective
application and innovative practice of PBL teaching method in the course. Wei Yongqing et al [12]
proposed the use of PBL teaching method for the implementation process of project-based teaching
for the problem setting in the course of “Power Electronics Technology”, and the practice shows that
the application of PBL teaching method in project-based case teaching can effectively improve the
problem-solving skills and higher-order thinking ability of learners. Zhao Ximin et al [13] proposed
a practical reform strategy based on PBL teaching method in the context of new liberal arts from four
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perspectives: extending content, innovating method, reengineering process, and reconstructing
evaluation, which provides reference for the practical teaching reform under the construction of new
liberal arts in colleges and universities. Zhu Bo et al [14] organically integrated information
technology and PBL teaching method, constructed and implemented the teaching system for three
links before, during and after class, and the results showed that this teaching mode can significantly
improve the teaching effect, improve students' independent self-learning ability, cooperative practice
ability, and help to cultivate students' independent scientific research ability, which is helpful for the
construction of first-class undergraduate specialties. Then, this PBL teaching method is rarely used
in the mechanical measurement and control comprehensive experiment, in order to solve the problem
of the experimental classroom is purely teacher-oriented, students passively accept knowledge, the
lack of sufficient space for thinking and analysis, the interface between theory and practice is
insufficient, students are difficult to apply theoretical knowledge to specific experimental operations
[15]. In this paper, the PBL teaching method is adopted for the course “Mechanical Measurement and
Control Comprehensive Experiment” to carry out practical research and provide reference for the
teaching practice of other science and engineering experimental courses.

2. Course design of “Mechanical Measurement and Control Comprehensive Experiment”
based on PBL methodology
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Figure 1: Mechanical measurement and control comprehensive experimental teaching platform.

According to the 2023 version of the training program formulated by our school, the
comprehensive experiment of mechanical measurement and control is a professional practice course
for all majors of mechanical class. As shown in Figure 1, this experimental course adopts modular
experimental equipment, industry-standard sensors and computer software to build the experimental
test platform. This teaching platform allows students to contact with the actual industrial application
objects, to build their own industrial models and redesign these models, which aims to combine the
theoretical knowledge and engineering practice, and train students' scientific thinking and innovation
ability. Due to the strong comprehensiveness of the experimental course, not only need the theoretical
knowledge of multiple disciplines, but also need to operate a variety of experimental instrumentation
as a support, with a typical combination of theory and practice, the course involves machinery, sensors,
signal processing, software analysis and other disciplines, the experimental module has a relative
independence of the principle of the instrumentation used in the large gap between the purely through
the teacher to explain - experimental operation - to complete the report, it is difficult to stimulate
students to seek for the best. Completion of the report, it is difficult to stimulate students' desire for
knowledge and exploration, resulting in great difficulty and poor learning results [16]. The PBL

163



teaching method is student-centered and problem-oriented, teacher guides their students to solve
problems by group discussion and collecting the information independently. Utilizing the one network
learning platform, tutorials and self-study tutorials teaching links, at the same time, combined with
the course nature and teaching objectives of the comprehensive experimental course of mechanical
measurement and control, the PBL teaching can effectively solve the problem of the experimental
teaching and meet the requirements of cultivating students' independent learning ability and
innovation ability [17].

In order to effectively implement the PBL teaching method to cultivate application-oriented talents,
as shown in Figure 2 below, the PBL course of the comprehensive experimental course of mechanical
measurement and control is designed vertically and horizontally, in which the vertical design includes:
pre-set problems before the class, exploration and learning in the class and feedback and summary
after the class; and the horizontal design includes: teacher activities, student activities and assessment
and evaluation of the three parts. This course combines the online teaching with the function of online
learning, the experimental course design to preset engineering application problems as the teaching
center, guiding students to discuss the knowledge involved in the problem and group division, in the
process of classroom implementation of the preset practical analysis and testing problems as a guide
to the group discussion and exploratory learning, and gradually cultivate the students' sense of
theoretical connection to practice in discussion and learning, in the teaching process, the teacher
mainly plays the role of inspiration and guidance, and the teacher plays the role of inspiration and
guidance, and the teacher plays the role of inspiration and guidance, and the teacher plays the role of
inspiration and guidance. In the teaching process, the teacher mainly plays the role of inspiration and
guidance, while the students, as the main body of learning, participate in the whole process of
exploration, thinking and learning and discussion, and finally combined with a network of smooth
learning group results report and summarize the problem, through the school set up tutorials and self-
study tutorials on the students' doubts or difficulties in close communication and discussion to further
consolidate the relevant theoretical knowledge and practical experience.

Teachers’ Student
activities Activities
Assessment
5 Upload prep materials (videos, lab ppts, > Download the prep materials, watch
Before The ste.) on OneNet Learning and learn
Lesson: Preset > Post prep tasks and check prep progress > Ask preview questions

’
Questions et Rl = ) o 1 /  Pre-course
> Provide feedback on pre-study questions rite lab prep report evaluation

{25%)

\

Experime Experimental
mid-term g Final Problem
evaluation — 3 Report —3 Total ¢  Solving
(50%) grades (1005} |WA=sAssEent
(40%) (20% )

[l N

Laboratory
Post—course . Croup Team
el completion
assessment Assessment

€10%) {10%) . /
>Tutoring, QB4 and discussion -~ -~

————————————————————————— -
Laboratory Laboratory
Attendance Hands-on
Assessment Test

S0neNet Learning - Check-in (10%) (10%)

SViewing and reviewing pre-study reports >0neNet Learning — Check-in
>Explanation of key points, demonstration of >Turn in the pre-study report
necessary steps, reminder of precautions. Shctively ansver uestions

In Class: randomized and randomly call out students o - i
Explore for questions during the period yParticipate in the flipped classroom

Learning SRecord or take photos of
experinental data

DFinish the experiment, organize the
test bench

>Inspect and guide students to complete the
experimental operation

OnelNet Learning-Submit experimental

>0ne Web Learning - Post extended questions, data and pictures

After Lesson: push related literature
Feedback
Summary

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

DVrite the lab report and sumary
according to the results of the

>{rading lab reports and providing feedback
o1 el experiment N (25%)

assroon experiments

>Self-study tutoring, summarizing teaching

Figure 2: Framework diagram of PBL teaching model for comprehensive experiment of mechanical
measurement and control.

3. Practice of “Mechanical Measurement and Control Comprehensive Experiment” Course
Based on PBL Teaching Methodology

The practice of this course is to take 288 undergraduate third-year students majoring in Mechanical
Design, Manufacturing and Automation in the class of 2021 in University A as the practice object,
divided into 24 experimental teaching classes, the odd-numbered classes as the experimental class of
the PBL teaching method in Fig. 2 (12 classes of 144 students), and the even-numbered classes as the
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control class (12 classes of 144 students), and the control class adopts the traditional teaching method,
i.e., the professor lectures on the experimental content, students operate according to the experimental
requirements, and finally write and submit the experimental report. Each experimental teaching class
can hold 12 students, during the class, these students are divided into four groups (each group of three
people, of which one is the leader), the leader is responsible for the division of tasks and
communication with the teacher. The specific implementation process of the experiment is shown in
Figure 3 below, during this class, the students will learn how to use the LabVIEW virtual
instrumentation software to design and develop different control systems for different sensors, the
whole content of this course mainly divided into: LabVIEW basic, temperature measurement,
rotational speed measurement, light intensity measurement and control and simulation of production
lines and other 10 teaching units, each unit has 4 hours. By comparing the actual situation and
feedback results of the experimental class of the PBL teaching method (odd-numbered classes) and
the traditional teaching control class (even-numbered classes), we evaluate and summarize the
implementation effect of the PBL teaching method.
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Figure 3: Comprehensive experimental teaching content of mechanical measurement and control.

4. Evaluation and assessment of experimental courses based on PBL teaching method and
Improvement measures

Mechanical measurement and control comprehensive experiment is an independent professional
comprehensive experimental course in school, 2 credits, need to master the basic idea of data
acquisition, learn the principles of various sensors and application methods and analysis and
processing of the collected signal. According to Figure 2 of the PBL teaching method design needs
to be evaluated and assessed in Figure 3 of the experimental content. In the past, the traditional
experimental teaching assessment, the teacher according to the classroom performance and
experimental reports to give the usual grades and report grades; while the PBL teaching process is
divided into the pre-course - preset questions, the class - exploration and learning and post-course -
feedback summary of the three phases of the student-centered, problem-oriented, so the PBL
experimental evaluation assessment focuses more on the hands-on ability of the students, answering
the questions, group teamwork and so on, as shown in Table 1 , the assessment points of this
experimental course are: 1) whether they can put forward the key problems and difficult problems of
the experimental content according to the pre-class preliminaries, 2) whether they can learn
independently according to the purpose of the experiment and build the experimental test system
during the experiment, and whether they can identify the reasonableness of the design, and 3) whether
they have the comprehensive ability of discovering problems and analyzing and solving problems
after the experimental class. In these aspects, teachers can make comprehensive judgments through
offline and online pre-class preview, in-class teaching and post-class feedback, and design PBL
specific evaluation indexes: attendance (10%), hands-on ability (15%), answering questions (17%),
teamwork (18%), completion (10%) and experiment report (30%), using these quantitative indexes
teachers based on the students in the one-network unimpeded learning platform Using these
quantitative indicators, teachers give objective grade results based on the students' comprehensive
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performance before, during and after the class.

Table 1: Evaluation and Assessment of Mechanical Measurement and Control Comprehensive
Experiments with PBL Teaching Methodology.

Highlights of assessment Comprehensive Evaluation Methods and Scale of Achievement(%)
Attendance  practical Q&A Teamwork  Completion Report

1)  The formulation of key

questions and difficult

problems 10% 15% 17% 18% 10% 30%
Goal: | 2)  Study to build a test

System and determine design

rationality independently

3)  To develop the ability

to discover, analyze and

solve problems

Total: 100%

Mechanical measurement and control comprehensive experiment has a strong engineering
applicability, most of the students do not have relevant engineering practice background, traditional
teachers from the knowledge transfer teaching to carry out, often ineffective. After the introduction
of PBL teaching method into this experimental course, the students' interest in learning has been
significantly increased, and the interaction between teachers and students has also been enhanced. In
PBL teaching, although the teaching effect is remarkable, some problems have emerged, especially
in the three aspects of teacher activities, student activities and assessment and evaluation in the
horizontal design of Fig. 2, which need to be taken to improve the measures in the subsequent teaching.

5. Conclusion

Under the background of “new engineering” talent cultivation of the Ministry of Education,
experimental teaching is facing new opportunities and challenges. The “Mechanical Measurement
and Control Comprehensive Experiment” is a core practical course that involves the intersection of
multiple disciplines, and plays a crucial role in enhancing students’ comprehensive practical
innovation ability. In this paper, by introducing the PBL experimental teaching method, the vertical
design of the course: before class - preset questions, during class - exploration and learning and after
class - feedback and summarization, which improves students' independent thinking and teamwork
ability; the horizontal design of the course: teaching activities, student activities and evaluation and
assessment, which improves the equality and interactivity between the teachers and the students, and
the teaching and discussion of the learning effect is obviously improved; through a network of free
learning, tutoring and Q&A and self-study tutoring, the online and offline teachers are able to improve
the students' ability of comprehensive practice and innovation, and to enhance the students' ability to
learn. Self-study counseling online and offline multi-dimensional learning and communication
between teachers and students, effectively consolidate students' theoretical knowledge and practical
experience, promote the distance between teaching and students, and improve students' independent
hands-on ability. The PBL teaching mode can effectively stimulate students' learning autonomy,
enthusiasm and innovation, effectively improve the shortcomings of the traditional teaching mode,
and play an important role in cultivating “new engineering” application-oriented and innovative
talents.
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