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1. Introduction

I n August 2018, the Ministry of Education of the
People's Republic of China issued the Notice on
Vigorously Implementing the Spirit of the Un-

dergraduate Education Work Conference of National
Colleges and Universities in the New Era, proposing
that "Each college and university should comprehen-
sively sort out the teaching content of each course and
enhance the academic challenges of students, reason-
ably increase the difficulty of the course, expand the
depth of the course, expand the selectivity of the
course, eliminate the "water course", and create golden
courses with high order, innovation and challenge. In
2019, the Ministry of Education initiated the "Golden
Course Construction" plan, which has revolutionized
the quality of higher education. Now, "Golden Course"

has become one of the most important keywords for
China's higher education reform in the new era[1-3].

In recent years, many colleges and universities
have begun to focus on and vigorously develop the
teaching research and practice of flipped classroom,
which is a revolution in student-centered learning and
teaching methods. Now, it has been proved that
flipped classroom is an effective teaching method to
stimulate students' interest in learning and achieve the
goal of training innovative talents[4-5]. The implementa-
tion of flipped classroom can expand the time and
space for students to learn and students can complete
the self-study of some knowledge points through the
learning resources provided by the teachers before the
class. In flipped classroom, a variety of curriculum
practices and seminars are carried out to cultivate stu-
dents' comprehensive ability to solve complex prob-
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lems and advanced thinking. Therefore, flipped class-
room teaching model is very in line with the develop-
ment requirementsof the "GoldenCourse" construction.

Properties of Material, as a core course of the
first-level discipline of materials science and engineer-
ing, can train students to have the necessary basic
knowledge and basic skills for rational selection of
materials and the development of new materials. So, it
is of great significance in the undergraduate materials
major. In the context of the "Golden Course", colleges
and universities have made corresponding improve-
ments to the teaching content, teaching methods, and
teaching goals of Properties of Material. teachers such
as Lin Bilan of Xiamen University of Technology and
Sun Hao of Inner Mongolia University of Science &
Technology [6-7] adopted case teaching method in the
course teaching of Properties of Material by, which not
only increased the interest of students, but also guided
students to select and use materials according to the
actual situation, bringing a good enlightenment on the
cultivation of applied talents. Teachers such as Li Hui,
Tian Zhongqing of Chongqing University of Technolo-
gy, and Guan Lei of Liaoning Shihua University [8-10]

have improved students' practical innovation ability by
improving the teaching methods and content of Prop-
erties of Material. However, at present, the teaching
and research of Properties of Material is lacking in the
research and implementation of flipped classroom, and
there is no report yet.

2. Problems encountered in the "Golden
Course Construction" of the course Proper-
ties of Material

In recent years, although we have achieved certain re-
sults in the course construction of Properties of Mate-
rial, we also realize that there is still a gap between the
requirements of the course Properties of Material and
golden courses, and there are still the following de-
fects:

(1) The teaching content lacks innovation and
challenge: The teaching knowledge system lags behind
the latest level of current scientific research develop-
ment, and is not advanced and modern enough; the
teaching content is unreasonable, the students are not
thinking enough, which is very unfavorable for stu-
dents to track and master the development status and
trend of theory, and it is difficult for students to adapt
to future study and work demands.

(2) The teaching form is not progressive and in-
teractive enough: Teachers usually teach content in the
class, students passively absorb knowledge passively,
which is not interactive enough; The new technolo-
gies, new methods and teaching tools developed in the
information age have not been applied into teaching.
For example, video, animation, WeChat platform, net-
work platform and some learning software, etc. have
not been or are not proficiently applied and there is no
online learning communication in different environ-
ments anytime and anywhere.

(3) The course teaching is not advanced enough:
In teaching, the integration of knowledge, ability and
quality is not enough, resulting in a serious lack of stu-
dents' ability to analyze and solve practical application
problems and advanced thinking, which cannot meet
the social needs of materials talents.

3. The significance of teaching reform and
practice of flipped classroom to the course
construction of this course

According to the analysis of the above problems, the
teaching reform and practice of golden course oriented
flipped classroom in the teaching of the course Proper鄄
ties of Material are of great significance to the con-
struction of the golden course and the cultivation of
students' quality in this course:
3.1 Flipped classroom teaching model can make the
teaching content advanced and modern enough
Flipped teaching requires teachers to do pre-class
teaching design, introduce relevant latest research
trends at home and abroad, and introduce the frontiers
of international academic research to the students
based on their own research projects to improve the
course and challenge; By introducing practical engi-
neering cases into the course, students can be guided
to analyze practical engineering problems with the
knowledge of properties of material to improve the
breadth of the course, thus creating a "golden course"
of Properties of Material with depth, height, breadth
and is advanced and modern enough.
3.2 Flipped classroom teaching method is an im-
portant measure to realize advancement and inter-
activity
The teaching of Properties of Material has been domi-
nated by traditional classroom education for a long
time, and the flipped classroom teaching can realize
the transformation from the traditional "static, passive,
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personal, and accepting" teaching paradigm of "teach-
ing as the center" to the new "interactive, participating,
cooperative, and exploratory" paradigm of "learning as
the center".
3.3 Flipped classroom teaching model is conducive
to the cultivation of comprehensive ability and ad-
vanced thinking
Flipped teaching is helpful for students to systemati-
cally understand the essential problems of properties of
material and analysis methods, and it is easy to guide
students to establish the organic correlation of several
elements of material composition and structure, syn-
thesis and processing, nature and properties to train
students to have the necessary basic knowledge and
basic skills for rational selection of materials and the
development of new materials.
3.4Flipped classroom teaching is conducive to play-
ing the role of informatization in education
In the course of teaching, use ANSYS and refined soft-
ware to simulate and analyze the structure, properties
and engineering problems of materials. With the help
of software, the abstract concepts are visually dis-
played, which is easy for students to understand and
can cultivate students' ability to solve practical engi-
neering problems with software; While, the construc-
tion of network teaching platform and the application
of learning software will widen students' learning
space and effectively improve the quality of "golden
course".

In summary, through the construction of the gold
course of this course and the implementation of the
flipped classroom teaching model, it is not only con-
ducive to the cultivation of high-quality material tal-
ents, but also is expected to make a breakthrough in
the theoretical system in the construction of "gold
course" and is of great significance.

4. Teaching reform and practice of flipped
classroom of Properties of Material
4.1 Upgrade the course standard under the "Gold
Course" standard
The course standard of Properties of Material currently
used has been difficult to adapt to the current require-
ments for the cultivation and teaching development of
materials professionals. To this end, we have devel-
oped an interactive and exploratory talent training
model and course standards that highlight comprehen-
sive capabilities, combine theory with practice, and

take "learning as the center" to organically integrate
training objectives and content with knowledge, abili-
ties, and qualities to develop students' comprehensive
ability and advanced thinking in solving complex
problems.
4.2 Renovation of flipped classroom teaching con-
tent and knowledge system
With the purpose of reflecting the high order, innova-
tion and challenge of the "Golden Course", we studied
how to realize the renovation of the teaching knowl-
edge system.
4.3 Knowledge system expansion of teaching mate-
rials
At present, the textbook we use is Properties of Mate鄄
rial by Beijing University of Technology Press. This
textbook is relatively comprehensive and covers both
the mechanical properties and physical properties with
clear structures and rich contents. In the teaching, we
find that when other versions of the textbooks are used
to teach some content, the content displayed is richer,
more direct, and easier to understand, so our teaching
materials introduce the content of other textbooks.
4.4 Research on the effect of scientific research on
teaching
Scientific research not only can exercise innovation a-
bility and update knowledge structure, but also is an
indispensable part of enhancing teaching depth and ex-
panding teaching breadth. We studied how to apply
scientific research achievements related to the course
knowledge system to teaching. For example, our col-
lege has many research achievements in piezoelectric
and ferroelectric materials. In the teaching, we apply
the relevant achievements to the explanation of "piezo-
electricity and ferroelectricity" in a timely manner, so
that students can grasp the latest trends in this field
and understand the latest theoretical knowledge sys-
tem. At the same time, students are encouraged to ac-
tively review the latest literature to understand the de-
velopment status of materials with different properties.
4.5 Strengthen the integration of knowledge be-
tween different courses
In order to reflect the breadth and depth of the "golden
course" requirements, in the teaching of Properties of
Material, we studied the relevance of the courses com-
pleted by students, such as Fundamentals of Materials
Science, Solid State Physics and College Physics, etc.,
to this course, and introduced them into the classroom
to guide students to understand relevant knowledge of
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properties of material.

5. Construction of the flipped classroom
teaching model from the perspective of the
golden course

Classroom teaching is the main part for the construc-
tion of "Golden Course". We take the teaching design
and implementation effects of flipped classroom as the
main line to build a new interactive, participating, co-
operative, and exploratory model with learning as the
center.
5.1 Overall design of the teaching content
Flipped classroom is an effective strategy and method
of online and offline mixed teaching, mainly using the
"pre-class video + class discussion" model. First of all,
from the perspective of teaching resources, the most
critical teaching resource for flipped classroom teach-
ing model is the micro-course. The micro-course video
we recorded in the early stage is generally about 10
minutes, which leaves enough time for students to
think and record the key points by means of pausing
playback and playback. Students can also study inde-
pendently in their spare time.

Secondly, from the perspective of the role of
teachers and students, under the flipped classroom
teaching model, the teachers are no longer the passive
imparters of knowledge and the complete classroom
leader, but students are the main body of the class-
room. At this time, teachers exist only to help and
guide students, and students gradually become active
learners and researchers from the original passive re-
ceivers, which forms a student-centered and stu-
dent-oriented classroom pattern, which significantly
improves the pertinence and independence of class-
room teaching.
5.2 Construction of flipped classroom teaching
model
Flipped classroom studies mainly include the tasks of
the three teaching stages of "before class-in class-after
class", the main methods are as follows:

渊1冤Self-study before class: Before the class, our
teachers will release pre-class tasks and materials
based on the teaching content. Students can learn the
content of this class in advance through micro-videos,
electronic teaching plans, PPT or special knowledge
explanation on the online teaching platform, and
record the problems encountered in the study and
bring them to class for discussion.

渊2冤Classroom discussion and analysis: We will
review and discuss the pre-lesson content with all stu-
dents in an interactive way to strengthen students' im-
pression of new knowledge and concepts. In our teach-
ing activities, we focus on "example guidance - prob-
lem-driven - ability-oriented - application develop-
ment'', and increase the participation and liveness of
students and achieve the goal of solving problems
through issue-driven interaction, questioning and dis-
cussion between students and between students and
teachers through project examples.

渊3冤Summary and improvement after class: After
class, students can expand and improve through com-
prehensive exercises, network interaction and individ-
ual counseling. At the same time, they can further
summarize the knowledge in the class, summarize the
problems again in practice, and communicate with
teachers or classmates to actively improve the defi-
ciencies in the above links and form a good circulation
mechanism.

6. Development and use of teaching software
or network platform

The large-scale promotion and use of the social net-
work technology, computer information technology,
etc., provides favorable technical conditions for the
implementation of the flipped classroom teaching
model, and is also a necessary condition for the flipped
classroom teaching model. In the teaching, we intro-
duce or develop and use Flash animation, video, simu-
lation software, etc. to allow students to understand
relevant knowledge more directly. We have also ini-
tially established convenient and fast WeChat learning
platforms where students can watch course videos and
communicate online at any time.
6.1 Combining theoretical teaching and practical
teaching to make the "Golden Course" challenging
enough
In order to cultivate students' problem-solving ability
and advanced thinking, we strengthen our efforts to
guide students to apply for and participate in various
college students' innovation and entrepreneurship pro-
jects, and make students have the opportunity to pre-
pare materials through experiments, conduct material
performance tests and other work. The Properties of
Material we set up plays a very good guiding role. We
guide students to link the content of the textbook with
practice, greatly improving the challenge of the course

Teaching Modernization

13



Frontier of Higher Education | Volume 2 | Issue 1 | March 2020

and improving students' comprehensive problem-solv-
ing ability. In addition, in theoretical teaching, we
combine the professional experiments set up to con-
duct research on the combination of theory and prac-
tice, which not only deepens students' understanding
of professional experiments, but also helps to under-
stand the theoretical knowledge of Properties of Mate鄄
rial.
6.2 Construct a flipped classroom assessment
mechanism and evaluation mechanism
Based on the course evaluation method of the flipped
classroom, we have established a multi-element score
evaluation system, and abandoned the evaluation
method through examination paper. On the premise of
ensuring that the students have comprehensively mas-
tered the basic knowledge, the students' ability to find
problems, think about problems, solve problems and
their ability to learn independently is the focus of our
evaluation. At the same time, the evaluation method
based on the flipped classroom should be a multi-di-
mensional evaluation system that comprehensively e-
valuates the performance of students in teaching activ-
ities and learning activities. In addition, we studied the
evaluation indicators that need to be designed at each
stage before, during and after the class. Through online
and offline interaction, evaluation and discussion, we
evaluated the completion of students' tasks at each
stage and gave evaluation scores according to the com-
munication results.

After the preliminary course construction, we de-
signed and developed the course resources such as mi-
cro-courses and courseware of Properties of Material
and WeChat public account and other network plat-
forms, and constructed the three-stage task and evalua-
tion mechanism of "before class-in class-after class",
initially created a "golden course" standard flipped
classroom teaching model, promoted the continuity of

learning before and after class through the reflection
on the teaching process and effect, and initially estab-
lished a dynamic adjustment mechanism for flipped
classroom teaching, and thus improved teachers' teach-
ing level and students' comprehensive ability to solve
complex problems and advanced thinking.
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