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ABSTRACT

Experiment teaching of biochemistry and molecular biology is indispensable to undergraduate medical
education. In the context of COVID-19 epidemic, how to combine a virtual simulation platform with
biochemistry laboratory experiments organically is a pressing problem that must be faced and solved. Based
on the theories of "student-centered" and "cone of experience", department of biochemistry of Qigihar
Medical University took teaching mode of virtuality and reality combination as the research direction of
exploration. Students learned the virtual simulation experiments, and improved their professional practical
skills in traditional laboratory. Different from the traditional experiment teaching, the instructional design of
virtuality and reality combination not only focused on improving students' acquisition of knowledge, but also
paid attention to students' development of abilities and emotions. It could effectively improve the experiment
teaching effect and strengthen the cultivation of innovative talents, which will greatly promote the reform of
biochemistry experiment teaching in medical colleges and universities.
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1. INTRODUCTION

Biochemistry is an important basic compulsory course in
medical colleges and universities. As an experimental
science, experiment teaching of biochemistry and
molecular biology is indispensable. It can help medical
students understand the theoretical knowledge in textbooks,
combine theory with practice, and strengthen the ability to
apply knowledge. With the advent of the era of "Internet+",
the deep integration of information technology and higher
education has promoted the reform of educational concept,
teaching mode, teaching method and teaching management
system, bringing unprecedented opportunities to the
development of education. Virtual simulation platform can
simulate the environment of biochemistry experiments
based on internet technology, and help the medical
students to get real experience. The teaching model of
combination of virtual simulation platform (“virtual") and
traditional laboratory experiment (“"real”) has been
gradually attached great importance to in universities at
home and abroad.

At the beginning of 2020, COVID-19 was raging. In view
of the continuing epidemic, the Ministry of Education
issued a notice on January 27 to delay the start of the
spring semester 2020 in order to control the further spread
and cross-infection as soon as possible. In the context of
COVID-19 epidemic, how to combine a virtual simulation
platform with biochemistry laboratory experiment
organically is a pressing problem that must be faced and

solved. Since the spring semester of 2020, the department
of biochemistry of Qigihar Medical University has
explored the combination of "virtual" and "real" in the
experiment course. We have been working on how to
attract the students' interests in the teaching content, and
how to transform the emphasis from "teaching" to
"learning" in biochemistry experiment instructional design.
Virtual simulation platform could remedy the limitation of
traditional laboratory experiment teaching, such as
consuming time, particular places, and laboratory
equipment. Students can conduct online learning, get rid of
time and space constraints. Meanwhile, teachers can
answer questions and monitor learning progress online.
After the learning of virtual simulation platform, students
can improve their professional practical skills in laboratory,
consolidate the experience they have learned in the virtual
simulation platform.

In conclusion, the combination of "virtual™ and “real™ is the
future development and inevitable trend of experiment
teaching of biochemistry and molecular biology. With the
high-quality learning resource and online interactions
between teachers and students, the blended online and
offline teaching of biochemistry experiments could
motivate students' autonomous learning interest, facilitate
the information-based teaching, and promote the reform of
experimental teaching. Furthermore, our practical
application can also be used for the reference for
experiment teaching reform at higher medical colleges and
universities.
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2. CURRENT SITUATION OF
EXPERIMENT TEACHING OF
VIRTUALITY AND REALITY
COMBINATION

According to the literature, in recent years, researchers
focused on the importance of experiment teaching in
medical teaching, existing problems and the construction
of virtual platform of experiment teaching. In the file of
"Ten-year Development Plan of Education Informatization
(2011-2020)" issued by the Ministry of Education, it is
proposed to vigorously promote the construction of digital
campus in colleges and universities, build virtual
simulation experiment platform, promote the reform of
teaching content and teaching method, and promote the
innovation of talent training mode[1]. In August of 2013,
the Ministry of Education started the construction of
national virtual simulation experiment teaching center,
which was an important achievement of higher education
quality engineering construction and an important part of
education informatization [2]. Li et al. analyzed the
importance of experiment teaching in  medical
biochemistry teaching, and put forward the development
direction of experiment teaching reform, including
promoting the in-depth integration of information
technology and education [3]. Consequently, more and
more online experiment courses based on the virtual
simulation experiment platform begun to spring up in
China.

At present, many colleges and universities at home and
abroad are actively building medical virtual simulation
experiment platform. The virtual simulation experiment is
applied in biochemistry teaching, which could promote
information technology and education teaching in-depth
integration, and improve the teaching effect [4-5]. Virtual
experiment environment is provided by virtual simulation
platform based on internet technology, where learners
could get real experience in the form of simulation. In the
January of 2020, the Ministry of Education has issued a
notice delaying the start of the spring semester in 2020.
According to the "Guiding Opinions on the Organization
and Management of Online Teaching in General
Institutions of Higher Learning" issued by the Ministry of
Education, all schools deploy distance teaching programs.
On the one hand, the online teaching programs of
theoretical courses are relatively mature. On the other hand,
the online teaching programs of experimental courses are
still a problem that troubles all schools. Classes suspended
but learning continues, Mengzhilu Experimental Platform
offers free massive online experimental courses for
medical students (http://www.yxsypt.com).

In traditional experimental teaching of biology, there are
some disadvantages such as high cost, long time and slow
updating. Nevertheless, in virtual experiment teaching,
students and teachers can break through the limitation of
distance and time. Different from traditional experimental
teaching of biochemistry, virtual experiment teaching is
free from experimental site, time, teaching funds and other
conditions, and has the characteristics of intuitiveness,
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openness and safety. Students can actively choose study
resources, control their learning process, and present their
own idea more freely on web. It can effectively improve
the experiment teaching effect and strengthen the
cultivation of innovative talents, which will greatly
promote the reform of molecular biology experimental
teaching in medical colleges and universities [6].

However, in the preliminary virtual teaching practice,
teachers realized that traditional experiment teaching is
still the most important method of experimental teaching,
which is more conducive to the cultivation of students'
practical ability [7-8]. Only by adopting the experiment
teaching mode combining virtual simulation with practical
operation and complementing each other's advantages, can
the experiment teaching quality be improved and the
training objectives of undergraduates be met [9-11].

To sum up, the application research of combination of
"reality” and “reality” in biochemistry and molecular
biology is still in the preliminary stage. Therefore, we take
the "combination of virtual and real, and supplement the
real with virtual" as the research direction of exploration.

3. THEORETICAL FOUNDATION OF
INSTRUCTIONAL DESIGN OF
VIRTUALITY AND REALITY
COMBINATION

3.1. Theory of "'student-centered"’

The concept of "student-centered" first appeared in the
western countries at the end of the nineteenth century and
the beginning of the twentieth. The western psychologist
Rogers put forward humanistic theory[12], emphasizing
the "people-centered" education, setting up the
"student-centered” education concept, emphasizing the
respect and trust of students, and giving play to the main
role of students. And the American educator John Dewey
put forward the pragmatic concept of education,
advocating to transform traditional education form, and
liberating child nature [13]. The Swiss psychologist Piaget
put forward the constructivism theory, advocated to
construct knowledge system according to students'
cognitive structure, and paid attention to students' initiative
in learning and the spirit of exploration [14]. The common
point of these theories is that they all emphasize
"student-centered", pay attention to students' interests and
needs, give play to students' learning autonomy and
innovation, and oppose the traditional education theory
that focuses on knowledge transfer.

In the great industrial age of the 19th century, universities
were organized as "mass production talents”, forming a
"standardized pipeline" of silo-like arrangement and
combination. In this form of organization, teachers’
teaching in the classroom was the basic element that
constitutes a "silo". The universities naturally formed a
"teacher-centered" organization mode and naturally
extended to the “classroom-centered” and “textbook
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centered"[15]. In 1995, Robert B. Barr and John. Tagg
indicated that a new paradigm of undergraduate teaching
named as "learning paradigm", which initiated a paradigm
revolution in American higher education [16]. Guided and
inspired by this theory, a large number of universities
around the world have carried out "student-centered"
education and teaching reform, and jointly promoted the
transformation from the traditional talent cultivation mode
to the new talent cultivation mode.

With big data, the internet, as well as the application and
market driving of artificial intelligence and other emerging
technologies, students' personalized learning experience is
more prominent, new explorations and experiments in the
form of "adaptive” organization for student development
emerge, and maintenance innovation and disruptive
innovation thrive. About the theoretical basis, from the
teaching of students as teachers in terms of the different
roles of "student-centered, teacher-led" new model of
biochemistry experiment teaching.

The biochemistry experiment teaching of combination of
"reality”" and "reality" takes "student-centered" as the key
point of instructional design. It is the organic integration of
virtual simulation platform and traditional laboratory,
which realizes the combination of online and traditional
classroom training, and provides online learning resources
and guidance. And our ultimate goal is to help the students
get the best learning effect.

3.2. Dell's cone of experience

In 1928, Weber put forward the theory of visual pedagogy
in his book "The Value of Images in Education”, indicating
the importance of visual teaching [17]. Weber believed
that visual sense played an important role in education and
teaching. The use of language reduces students' interest in
learning and makes it difficult for learners to understand
the learning content. However, visual media vividly and
intuitively presents the target knowledge, helps students
understand the learning content, and has a significant
effect in the learning process. Weber's way of thinking
from the concrete to the abstract of visual media is real
world — simulated reality — pictorial reality — graphic
symbol—word symbol.

Based on this theory of visual pedagogy, American scholar
Dale, put forward the famous "cone of experience" theory

in his book theory of audio-visual teaching method in 1949.

"Cone of experience" is the core of audio-visual teaching
theory and a theoretical model of experience classification
[18]. From the bottom to the top, "cone of experience"
includes experience of doing, experience of observing,
experience of abstracting, accords with the law of human
cognition development. The theory holds that education
should start from the concrete experience at the bottom of
the tower and gradually transition to the abstract
experience at the top.

Based on the "cone of experience”, teachers should choose
appropriate teaching media to present teaching content
according to students' needs and cognitive abilities, and
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judge the status of selected media and whether students
can understand it. The correct choice of media
systematically combines the learners' direct and indirect
experience, and helps students understand abstract
concepts. In the biochemistry experiment teaching, some
molecular biology concepts and methods are the
abstractions of the top of the tower, such as plasmid
extraction and reverse transcription. It is difficult for
students to understand abstract concepts directly from
direct and indirect experience. Teachers can use the
teaching resources in the virtual experiment platform to
help students understand.

4. INSTRUCTIONAL DESIGN OF
BIOCHEMISTRY EXPERIMENT COURSE
BASED ON VIRTUAL AND REALITY
COMBINATION

Instructional design was a process, according to the level
and requirements of educating objects, on the basis of
settling down the reasonable starting and ending point of
education, to reorganize and transform the content, to
arrange instructional elements systematically and ordinary,
then to form the instructional plan. In the biochemistry
experiment teaching, we adopt the teaching mode of
virtuality and reality combination. The biochemistry
experiment course includes 1 designing experiment
("determination of salivary amylase activity") and 2
comprehensive experiments (“isolation and identification
of v globulin® and "isolation and identification of
plasmids”). And students are from 2019 undergraduate
class of Qigihar Medical University, majoring in general
practice medicine, pharmacy, psychiatry, and nursing.

4.1. Mode of virtuality and reality combination

Combination of "virtual" and "real" is an organic
combination of virtual simulation platform and laboratory
practice. The virtual simulation platform adopted was the
Mengzhilu virtual simulation experiment platform, which
provides virtual biochemistry experiment environment for
medical undergraduates and enables learners to get real
experience in the form of simulation. QQ groups were
established, teachers could release learning materials and
videos in QQ groups. The organization of "virtual”
experiment teaching is in the pattern of "Mengzhilu virtual
simulation platform + QQ group”. The biochemistry online
experiments were carried out in the virtual environment to
achieve teaching objectives and teaching effects. And the
off-line experiments will be carried out when students
return to school.

And the instructional design of our biochemistry
experiment teaching takes "student-centered” as the key
point. Compared with the traditional experiment teaching,
the educating manner of virtuality and reality combination
experiment teaching has changed significantly. Teachers
transformed from the educating organizers of traditional
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education to the supporters of meeting various learning
requirements. Students did not only rely on the instructions
by educators but also learned and practiced by themselves
autonomously. The ultimate goal is to help the students
explore knowledge and information actively, and get the
best learning effect.

4.2. Teaching procedures

In the situation of COVID-19, teachers in the department
of biochemistry incorporated the students into different
QQ groups, to facilitate the release of learning videos and
materials, and to promote the communication between
teachers and students. As shown in Figure 1, it spreads the
steps of the teaching process, and explains the instructional
events. Take the experiment of "isolation and identification
of y globulin" as an example. The asynchronous method
was adopted in teaching and learning, so as not to compel
students to march forward synchronously in their study. It
took 2 weeks for students to learn the knowledge in videos
and materials, and finish the virtual experiment. And
students will continue to practice the real experiments in
lab when they return to school.

Teacher Student
Upload data Distribute Log in Leam teaching
to the virtual teaching the virtual | | materials  in
experiment materials in| |experiment QQ groups
platform QQ groups platform

~L ~ L3 st
Monitor  the Communicate Complete the | | communicate
progress  of| | with students virtual with teachers
the virtual in QQ groups experiment on |in ao groups

il platform

Ee = IT b=
Grade Communicate Finish the Communicate
students' T virtual with teachers
performance in QQ groups experiment in QQ groups
and hemework homework

e h Finish the| |Grade Finish the| |Finish the

laboratory I:> expariment laboratory E> experiment
experiment reports and [ | experiment reports  and
teaching give skills test learning skills test

Figure 1. The steps of the teaching procedures of
virtuality and reality combination

4.2.1. Before class

Before class, teachers uploaded student data to the virtual
simulation experiment platform. At the same time, the
teaching videos and materials were distributed in the QQ
groups and exercises were prepared. The video contents
included the experimental operation steps and principles,
and the platform login and operation process were
demonstrated.

4.2.2. In class

Based on the theory of "cone of experience"”, teachers used
the teaching videos and the 3D virtual simulation
experiments to help students understand the abstract
principle. Students learned the teaching materials by
themselves, logged on the virtual simulation experiment

platform for virtual experiment operation, and completed
the platform test questions and homework. During the 2
weeks, teachers can log on to the virtual simulation
experiment platform to monitor students’ learning progress
and answer questions in the QQ group.

4.2.3. After class

At the end of the virtual experiment, students submitted the
homework and finished quiz in QQ group. And teachers
will grade students' virtual platform operation, homework
and performance during the asynchronous teaching.
Communication between teachers and students in QQ
group, is helpful for students to study independently and
think independently.

4.2.4. Back to school

When students return to school, laboratory experiment
courses will be finished in the fall term of 2020. At the end
of the virtual experiment and laboratory experiment
courses, students will complete the experiment report, and
teachers will grade students' skills tests in lab and
experiment report.

4.2.5. Ideological and political education

In the instructional design of biochemistry experiment
teaching, the ideological and political elements and
teaching content were combined organically. For example,
when teachers explained that globulin is produced by
immune cells, which can improve human immunity and
prevent virus infection, students were reminded to keep
daily exercise and improve their immunity during the
epidemic. In addition, the students were inspired to think
about how to use the existing knowledge to purify serum
globulin in the laboratory environment, to serve the
clinical requires, since serum purification of globulin is the
main source of clinical medication. Different from the
traditional teaching mode, which only focuses on
improving students' intelligence, the instructional design of
virtuality and reality combination not only focuses on
improving students' intelligence, but also pays attention to
students' emotion.

4.3. Teaching evaluation

The total credit hours of the three experiments were 24
credit hours in traditional experiment teaching.
Nevertheless, the experiment teaching of virtuality and
reality combination, includes 6 weeks of asynchronous
teaching on virtual platform, and 12 credit hours of
synchronous teaching in lab. This course final grade will
be 100 points, consists of students' virtual operation (50%),
laboratory skill operation test (30%), experimental report
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and students' performance (20%). The experimental test
scores of students will be calculated, as the teaching effect
is evaluated. In addition, a questionnaire survey will be
conducted on students, which includes two aspects: the
students’ evaluation of teachers' teaching effect and
self-practice ability.

5. CONCLUSION

In the context of COVID-19 epidemic, the department of
biochemistry of Qigihar Medical University has explored
the combination of "virtual" and "real” in the experiment
course. In this instructional design, students learned the
virtual simulation experiments, and improved their
professional practice skills in a traditional laboratory.
Different from the traditional experiment teaching, the
instructional design of virtuality and reality combination
not only focused on improving students' acquisition of
knowledge, but also paid attention to students'
development of abilities and emotions. It could effectively
improve the experiment teaching effect and strengthen the
cultivation of innovative talents, which will greatly
promote the reform of molecular biology experimental
teaching in medical colleges and universities. With the
deep integration of information technology and higher
education, the virtuality and reality combination is the
future development and inevitable trend of experiment
teaching of biochemistry.
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