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Physiology education in China: the current

situation and changes over the past 3 decades

Xuhong Wei'", Ting Xu'f, Ruixian Guo', ZhiTan'" and Wenjun Xin'"

Abstract

Objective Asan experimental biological science, physiology has been taught as an integral component of medical
curricula for a long time in China. The teaching effectiveness of physiology courses will directly affect students’learn-
ing of other medical disciplines. The purpose of this study is to investigate the current situation and changes in physi-
ology teaching over 30 years in Chinese medical schools.

Methods National survey was conducted online on the platform SoJump via WeChat and the web. The head

of the physiology department in medical school was asked to indicate the information of physiology education
from three periods: 1991-2000, 2001-2010, and 2011-2020. The responses of 80 leaders of the Department of Physi-
ology from mainland Chinese medical schools were included in the study for analysis.

Results The survey showed that the class hours, both of theory and practice, had been decreased. During the past 20
years, the total number of physiology teachers, the number of physiology teachers who had been educated in medi-
cal schools, and the number of technicians had been reduced, whereas teachers with doctor’s degrees had been
increased. In addition to traditional didactic teaching, new teaching approaches, including problem-based learn-
ing/case-based learning/team-based learning, integrated curriculum and formative evaluation systems, had been
employed, mostly for more than 5 years, in some medical schools.

Conclusion The present study has provided historical data regarding the current status of physiology education
in China and that in the past thirty years by showing that physiology education in China has developed quickly,even it
faces many challenges.
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Background

Physiology is an important foundational discipline in
medical schools [1]. It studies how different cells, tissues
and organs work together to maintain the normal func-
tion of the human body. The task of medical students is
to learn how to diagnose and treat diseases. Therefore, it
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and Technology Building, Sun Yat-Sen University, East Wing, 74

Zhongshan Road 2, Guangzhou 510080, Guangdong, People’s Republic Century” was published by the Ministry of Education
of China of China. Since then, a massive increase in medical stu-
dent enrollment has occurred [2]. Additionally, in 1998,

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits 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 licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence 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. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12909-024-05395-1&domain=pdf

Wei et al. BMC Medlical Education (2024) 24:408

stand-alone medical schools from the former Soviet
model were merged into comprehensive universities in
China to follow the model of medical education in the
United States and other countries [2, 3]. These changes
accordingly raised new challenges to medical education,
for example, a rapid increase in the number of students
without sufficient teachers and a lack of effective teach-
ing strategies and methods. Thus, a survey on the current
situation and changes in physiology education, including
course hours and teaching staff, is necessary.

The traditional teaching model in physiology
courses relies heavily on teacher-centered didactic lec-
tures, with the students being given approximately 90
min of theoretical knowledge in the classroom in their
second year of study. There were also a number of labora-
tory practices that ran concurrently with or subsequent
to the lectures. Lecture-based learning (LBL) is good at
transferring massive knowledge, the foundational cog-
nitive skill from information professionals to students,
but is often limited in facilitating the development of
Bloom’s higher-order cognitive skills in students [4] due
to passive acceptance of knowledge. Instructional strat-
egies, such as problem-based learning (PBL), case-based
learning (CBL) and team-based learning (TBL), which
can promote active learning, have been widely adopted in
medical education [5-10]. Their common merits involve
developing cooperation among students, arousing con-
sciousness of lifelong learning and improving problem-
solving skills. In 2016, the "Chinese Undergraduate
Medical Education Standards—Clinical Medicine Major"
was released by the Ministry of Education, which aimed
to develop student-centered and self-directed learning as
the main content of educational strategies. This pointed
out the direction for improving the level of medical edu-
cation in China. Thereafter, an increasing number of stu-
dent-centered learning methods, including PBL, CBL and
TBL, are gradually being integrated into Chinese medi-
cal education. For example, problem-based self-designed
experiments in physiology laboratory teaching are cur-
rently being adopted in Zhejiang University School of
Medicine [11]. However, a national survey of the current
PBL/CBL/TBL application status in physiology is still
lacking.

In the 1950s, Case Western Reserve University first
implemented an organ-system-based curriculum. In
1993, the curriculum reform of the Edinburgh World
Medical Education Summit and the National Outstand-
ing Doctor Training Plan opened the prelude to curricu-
lum integration teaching in domestic medical colleges.
In 1994, Reagan and Menninger reported on 10 years
of experience by integrating physiology with other basic
biomedical disciplines, such as anatomy, biochemis-
try, and pharmacology, in a PBL format [12]. In 2002,
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Shantou University Medical Schools first adopted an inte-
grated curriculum in China [13]. In 2013, an integrated
medical curriculum between basic medical courses and
clinical curriculum was required in “several opinions of
the ministry of health on implementing comprehensive
reform of clinical medical education” [14]. Since then,
the curriculum integration teaching model based on the
concept of medical integrity and centered on the Organ
system has become the new teaching reform. In 2020, the
State Council General Office also stated “accelerating the
innovative development of medical education and pro-
mote classroom reform in medical education by applying
modern information technology in medical education”
in China [15]. Under the new situation, reform in medi-
cal education has been accelerated, and the integration of
modern information technologies in physiology teaching
has been promoted.

In China, 11 broad categories, such as basic medicine,
clinical medicine, stomatology, public health and pre-
ventive medicine, traditional Chinese medicine, were
included in medical education. Clinical medicine is the
main body of the medical education system in China,
with 192 medical schools providing clinical medicine
education [16, 17]. As a particularly important basic
medicine, it is taught as a discipline-based curriculum
that emphasizes one-sidedness but lacks the overall con-
cept of medicine in most medical schools,. Integrated
teaching can integrate physiology with other disciplines,
such as anatomy, pharmacology or clinical curricula, in
a unified manner, thereby strengthening students’ cog-
nition of disease from different dimensions and levels,
which is beneficial for broadening students’ vision and
reducing repetitive and unnecessary teaching content. In
the 1950s, an organ-system-based integrated curriculum
was first implemented at Case Western Reserve Univer-
sity. The integrated curriculum of medical education in
China began in the 1990s [18, 19]. In 2014, the "Deep-
ening the cultivation of clinical medical talents through
clinical practice and medical education collaboration"
was issued by the Chinese Ministry of Education (MOE)
[20]. This might greatly accelerate the reform of inte-
grated medical courses.

A recent published study by Feng et al. has evaluated
changes in Chinese medical schools for Physiology teach-
ing over the last 20 years [21]. For the better develop-
ment of physiology curricula, in the present study, we
conducted a survey on physiology teaching in China to
understand the current state and changes in the past 30
years, including course hours in theory and practice, fac-
ulty compositions, practice type and conducting time,
and teaching approaches. Different to Feng’s study, in the
present study we payed more attention to the changes of
experiments type and the new teaching approaches. In
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addition to achieving the similar results as Feng’s study
[21], we found that the total number of teachers in the
physiology department had gradually decreased in the
past 30 years, which was different from Feng’s study
showing that the total number of physiology teachers was
reported unchanged in most schools. We also found that
the explorative and virtual experiments have developed
quickly, which has not been reported previously. Moreo-
ver, our results also showed different integration content.

Methods

Study design

The main purpose of the study was to understand the
current situation and changes in physiology educa-
tion and teaching in the Chinese mainland, focusing on
course hours, faculty compositions, practice type and
conducting time, and teaching approaches. The changes
in physiology teaching, particular the decline rate in
course hours in the past 30 years, was the main outcome
measures. Therefore, we had estimated the the decline
rate by consulting literature in advance. A line of previous
study has shown that a total of 83.33% of the surveyed
schools have reduced their Histology and Embryology
Education, which is also an important course in basic
medicine in China [22]. We estimated the contact hour
of physiology was reduced similarly. According to the
formula Z?_,,*pq/d? in which Z, ,,=1.96, p=83.33%,
q=1-83.33%=16.77%, d=0.1"p=28.33%, the estimated
sample size was 79, which meant that we need to include
decline rate in physiology course hours from at least 79
medical schools to achieve effectiveness. Accordingly, we
conducted a nationwide survey of the top 100 medical
schools (according to Evaluation Metrics (STEM) and 5-
year total STEM [accumulative STEM (ASTEM)] http://
top100.imicams.ac.cn/ASTEM/college), including dif-
ferent levels of ranked universities in China, including
Project 985, Project 211 schools, and ordinary universi-
ties. All of them have had a five-year clinical medicine
programs for at least ten years, as the present study
investigated only five-year clinical medicine programs,
which are the most popular medical program in China.
Therefore, we thought the top 100 schools could repre-
sent the whole China and could meet the research needs.
The present study was conducted on line from Novem-
ber 2020 to June 2021. Under the approval of the college
research and ethics committee, a cross-sectional study
was conducted among the directors of the physiology
departments of the top 100 medical schools, excluding
those Hong Kong, Taiwan and Macau, and these medical
institutions that are distributed in various provinces. Tra-
ditional Chinese medical schools, specialist technology
colleges, and medical schools without five-years medical
programs were also excluded.
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Eligibility criteria for participants

Inclusion criteria for choosing participants for this study
involved: (1) participants should be directors of the phys-
iology departments, that usually had extensive practical
experience in teaching and had experienced or witnessed
changes in theoretical and laboratory teaching reform
in physiology over the past 30 years. (2) participants
should be from the top 100 medical schools, distributed
throughout almost every provincial-level administra-
tive division in mainland China. (3) The participants
had completed their PhD or MD degrees and had taught
physiology in medical schools for at least one year. (4)
Both male and female could be included.

Data collection

Quantitative data were generated from a self-admin-
istered survey questionnaire. The questions was first
generated from the perspective of front line physiol-
ogy teachers, who had extensive practical experience in
teaching and had experienced or witnessed changes in
theoretical and laboratory teaching reform in physiol-
ogy over the past 30 years. Then the questionnaire was
designed based on the published literature, discussed
by the authors and tested by teachers from the corre-
sponding author’s school and was subsequently revised
based on the feedback to ensure clarity of the questions.
Therefore, the description of each question was easy to
understand and was structured elaborately, and more
importantly, it is suitable to evaluate the teachers’ per-
spectives regarding the current situation and changes
over the past 3 decades in physiology education in
China. The questionnaire contained 26 main questions,
4 of which were jump questions. The questionnaire was
designed based on the published literature (22). The sur-
vey was developed to collect factual information cover-
ing three main areas of physiology education: (1) the
changes in course hours, including theory and practice,
during the past 30 years. There were 11 questions. All the
questions were filling in the blank except question 4. For
example, question 2 was: What was the duration of phys-
iological theory courses in clinical medicine at your uni-
versity, from 2001 to 2010; (2) the changes in physiology
teaching strategies and assessment. There were 15 ques-
tions. For example, question 12 was: The physiological
experiment course in the clinical medicine major of your
university is set as the following: (If the option includes
exploratory experiments, please answer 12a. If the option
does not include exploratory experiments, please choose
no in 12a). There were 8 choices for question 12, includ-
ing A. basic; B. comprehensive; C, explorative; D, basic
and comprehensive; E, basic and explorative, F, compre-
hensive and explorative; G, basic, comprehensive and
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explorative practices; H, no. Question 12a was: What
was topic selection method for exploratory experiments
at your university? The choices for question 12 was: A,
designed by students and tutored by teachers; B, designed
by the students; C, designated by the teachers; D, No. (3)
Changes in the teaching staff in physiology education.
There were 10 questions. For example, question 19 was:
What is the proportion of physiology teachers with doc-
toral degrees that are teaching clinical medicine currently
at your university? The choices for question 19 was:
A,<50%; B, 51%-70%; C, 71%-90%; D >90%. Hence there
were a total of 37 questions in the whole questionnaire,
including the last question requiring the participants to
show their names and schools. The questionnaire is not
a structured scale with similar scale anchors or values
(The anchor ran from 1="Not at all’' to 5="To a very large
extent’). There is weak correlation between questions and
each question has different rating level. The directors
of the physiology departments of these schools were in
a messaging group in the WeChat application (Tencent
Holdings Ltd., Shenzhen, China). The participants was
first informed all about the study’s purpose, their right to
withdraw at any time, and that their data would not be
leaked. A two-dimensional code (SoJump, 2019, attached
in Supplementary Material 1) invitation to participate
in the online survey on the platform SoJump (Changsha
Ranxing Information Technology Co Ltd., Changsha,
China) was then sent to the WeChat group, a popular
social media mobile application. Participation was vol-
untary and unrewarding. Respondents completed and
submitted the questionnaire via mobile phone or com-
puter, which has unique IP address, so that the authors
could know whether one participants had submitted
the answers twice with the same device. To increase
their engagement and the authenticity of their answers,
the participants were required to read the instructions
before doing the survey. The contact information of the
participants was also sought through personal contacts
and websites. Most completed surveys were followed up
with phone calls or email to confirm the accuracy of the
information, to clarify obscure answers and to help the
respondents complete omitted items if they were will-
ing to do so. The results will not be adopted in statis-
tics if the filling time was too short and the incomplete
information could not be supplemented. To prevent the
use of repeated responses from the same medical school,
the respondents were required to show their institu-
tions. The directors were also required to show their
names to ensure that they submitted a single answer
from each school. In addition, the answers could also
give hints whether the participants had taken the survey
seriously as some items from different questions confirm
each other. For example, the number of participants that
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choose choice H in question 12, choice E in question 12a
and choice G in question 13a are the same, which means
the same content that the authors wanted to obtain was
answered consistently by the participants, even the con-
tent was presented in different ways.

Finally, a total of 82 responses (from 51 female and 31
male participants) were finally identified as valid, how-
ever, 4 different participates from 2 schools were identi-
fied to have submitted the questionnaire simultaneously,
and therefore only 80 medical schools have attended the
survey. The surveyed schools were more than that in
Xin Cheng’s study, which was 66 (22). Hence, the survey
response rate was considered 80%. How the 82 directors
from the 80 medical schools represent the overall total
medical teachers are shown in Table 1.

Statistical analysis

Statistical analysis questionnaires with missing items
were considered ineffective and excluded from sub-
sequent analysis. The data collected were tabulated in
Microsoft Excel 2016. All statistical analyses were per-
formed using GraphPad (Prism 8.0, San Diego, CA).
One-way analysis of variance (ANOVA) (with the post
hoc Tukey test) was performed to assess the physiologi-
cal contact hours. For all tests, P<0.05 was considered
significant. The results are expressed as the means+ SD.
Effect size was shown by Cohen’s d value, which is deter-
mined by calculating the mean difference between two
groups and then dividing the result by the pooled SD,
that is, Cohen’s d=(Mean2-Meanl)/SD pooled, where
SDpooled =vV(SD124SD2%)2. To determine the inter-
nal consistency of the responses, Cronbach’s alpha
test was used to analyze the data obtained from the
questionnaires.

Results

The geographical distribution of the surveyed medical
schools

Finally, the 80 medical schools that had attended the
survey were distributed in 29 provinces/municipalities.
The geographical distribution of the surveyed medical
schools is summarized in detail in Table 2.

Changes in course hours in the physiology curriculum

This study focused on the current status and the changes
in physiology education and teaching in China, however,
some participants are not familar with early physiology
teaching, making it challenging to get exact information.
We have informed the participants that they could leave
blank if they don't know the answer. At last we found
that among the 80 medical schools, 76 participants sup-
plied the exact number of their current physiology con-
tact hours from 1991 to 2020. From Fig. 1, we can see
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Table 1 Distribution of the respondents in each province in China
School Responser Represents Represents Represents School Responser Represents Represents Represents
2011-2020 2001-2010 1991-2000 2011-2020 2001-2010 1991-2000
1 1 14 18 28 41 1 9 7 5
2 1 9 10 10 42 1 10 20 17
3 1 14 10 10 43 1 26 23 22
4 1 7 6 6 44 1 21 16 8
5 1 10 8 8 45 1 22 13 12
6 1 12 12 20 46 1 15 7 8
7 1 1 10 8 47 1 5 16 7
8 1 9 5 6 48 1 16 8 12
9 1 15 15 15 49 1 7 15 10
10 2 10 12 8 50 2 18 12 13
11 1 12 8 5 51 1 15 16 9
12 1 6 8 8 52 1 15 12 18
13 1 7 10 12 53 1 12 18 4
14 1 13 15 15 54 1 16 6 6
15 1 13 13 1 55 1 8 10 10
16 1 10 14 8 56 1 12 9 7
17 1 1 12 12 57 1 8 7 7
18 1 10 9 10 58 1 7 10 27
19 1 12 23 15 59 1 13 15 18
20 1 24 3 2 60 1 10 8 8
21 1 4 6 8 61 1 15 8 6
22 1 10 10 10 62 1 8 10 10
23 1 9 10 10 63 1 10 1 1
24 1 10 12 14 64 1 1 14 5
25 1 5 8 8 65 1 14 8 10
26 1 9 4 66 1 10 5 14
27 1 5 5 4 67 2 6 12 12
28 1 7 15 10 68 1 10 10 10
29 1 15 14 14 69 1 9 13 15
30 1 15 9 9 70 1 20 12 4
31 1 11 10 5 71 1 15 7 12
32 1 15 10 18 72 1 7 8 18
33 1 15 15 15 73 1 13 2 5
34 1 17 18 22 74 1 3 21 20
35 1 12 13 15 75 1 15 5 9
36 1 10 12 14 76 1 5 7 14
37 1 10 12 5 77 1 9 5 3
38 1 13 10 10 78 1 1 9 12
39 1 8 15 11 79 1 11 12 13
40 1 14 10 11 80 1 15 5 15

that compared to 1991-2000, the schools with class
hours>110 had been gradually reduced in 2001-2010,
and had disappeared in 2011-2020. In contrast, the
schools with class hours in the range of 51-70 had been
continuously increased in the past 3 decades (Fig. 1A-C).
As shown in Fig. 1D, the average contact hours of physi-
ology were gradually decreased in the past 3 decade. in

the 76 medical schools (mean + SEM, 73.2 + 1.4 for 2011—
2020, 80+1.4 for 2001-2010, 85.9+2 for 1991-2000,
F(2,225)=15.51, P<0.0001).

Changes in physiology teachers
The same survey was also conduced to understand the
changes in physiology teachers, who are the primary
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Table 2 How the 82 responses from the 80 medical scholls represent the overall total medical teachers is shown
Number of schools
1 2 3 4 5 8
Province Tianjin Shanghai Beijing Henan Hunan Guangdong
Hebei Liaoning Chongging Jiangsu Jilin
Shandong Shanxi Hubei Shanxi Heilongjiang
(1L 78) (Bk )
Qinghai Sichuan Jiangxi Fujian
Yunnan Inner mongolia Anhui Guangxi
Xizang Guizhou
Xinjiang Zhejiang
Hainan
Total contact hours in Total contact hours in
each academic year in 2011-2020 each academic year in 2001-2010
50— 60—
2 40+
2 40
@ 30
G
3 20
Qo —
e 20
2 10+
0- 0-
30-50 51-70 71-90 91-110 >110 30-50 51-70 71-90 91-110 >110
hours
C . D contact hour
Total contact hours in S—
each academic year in 1991-2000 "
— 150 A
60 _ " 4
® 3
E 5 & -
< ks} | -m
3 40 g 100 ‘
ks 8 )
o} £ =
£ 20- Ssd | € s
=] o [
z E
>
(6]
0- 0

30-50 51-70 71-90 91-110 >110

hours

T T T
2011-2020 2001-2010 1991-2000
hours

Fig.1 Survey of various aspects of changes of physiology curriculum in Chinese medical schools in the past 3 decades. A-C The bar charts show
the numbers of schools with each range of the total number of contact hours of physiology in the 3 period as indicated in the surveyed Chinese
medical schools. D Comparison of the average physiology (theory) contact hours in each academic year in the 3 periods. *P < 0.05; **P<0.01,

***xP<0.0001 compared to the related group

resource for educational development. From the survey,
it was found that most directors of physiology depart-
ments who responded to the survey were experienced
in physiology teaching. As shown in Fig. 2A, among the
82 respondents, most of them have had a range of 26

to 35 years, even 10 had more than 36 years of teach-
ing experience; only 1 had<5 years of experience. The
present study also showed that in the majority of the
medical schools,>70% of the teachers had received
their doctor’s degree (Fig. 2B), demonstrating that the
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Fig.2 Survey of various aspects of physiology teachers at the surveyed Chinese medical schools. A The numbers of directors of physiology

with each range of physiology teaching experience. B-C, each percentage range of physiology teachers with doctor’s degree (B) and with medical
educational backgrounds (C). D The changes in the percentages of the total number of physiology teachers within the 3 periods. E, F Changes

of the numbers of physiology teachers with medical educational backgrounds (E) and the number of technician staff (F) over the past two decades

physiology teachers had good educational backgrounds.
Furthermore, in 10, 29, 24 and 17 of the surveyed 80
medical schools, <50%, 51%-70%, 71%-90%, and>90%
of the teachers had been educated in medical schools,
respectively (Fig. 2C). A massive increase in student
enrollment in medical schools has occurred since 1998
in China. To understand whether there was a sufficient
number of physiology teaching staff to ensure teaching
quality in China, the appropriate number of teachers who
had worked at the same time in the physiology depart-
ment in the past 30 years was quantified. The results show
the numbers of surveyed medical schools with differ-
ent teacher numbers in the three periods of 1991-2000,
2001-2010, and 2011-2020. The results showed that the
number of schools that had teachers ranging from 1-10
increased continuously, whereas the number of schools
that had teachers ranging from 11-20 decreased con-
tinuously in the pat 3 decades (Fig. 2D). Compared to 20
years ago, most of the surveyed schools had decreased
numbers of teachers possessing medical doctor’s degrees
in the physiology departments (Fig. 2E).

Technicians contribute greatly to physiology education
by preparing the material and maintaining experimental
instruments and related software. The survey showed,
however, that the number of technicians, compared to
that 20 years ago, decreased in 46.3% of Chinese medical
schools and increased in only 30.5% of medical schools
(Fig. 2F), suggesting that there have not been enough
technicians in recent years.

Changes in physiology practice

Experimentation is fundamental to scientific meth-
ods of physiology. A range of 31 to 60 course hours in
physiology practice in clinical medicine major in China
was predominant. The course hours in the range of
60-90 greatly decreased during the period of 2000—
2009 compared to 1990-1999 (Fig. 3A). The numbers of
schools that having less than 30 students in each labo-
ratory had decreased continuously from 1991 to 2000,
whereas the numbers of schools that having 41-60
students in each laboratory were gradually increased
since 1991 (Fig. 3B). In each laboratory in the medical
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Fig.3 Survey of various aspects of physiology laboratory practice in Chinese medical schools.A-B The bar charts show the numbers of schools

with each ratio of practice courses hours for physiology (A), with each range of the number of students in each laboratory (B).C, the setting types
of practice in the surveyed Chinese medical schools are shown. D, E The pie charts show the percentage of schools that started explorative practice
in the 3 period (D) or how the explorative practice topics was selected (E) compared to those 20 years ago in the surveyed Chinese medical
schools. F The pie chart show the percentage of schools that employed physical experiments, virtual experiments, physical experiments combined
with virtual experiments, physical experiments combined with watching videos, physical experiments combined with virtual experiments

and watching videos, respectively. G The bar charts show the numbers of schools with each range of virtual experiments conducting time. H The
bar charts show the numbers of schools with each virtual experiment sources

schools in China, usually only one teacher tutors all
the students when they are doing the practice. There-
fore, an increased number of students in each labora-
tory will lessen the amount of time that the teacher
can communicate with each student. According to the
survey results, regarding the types of practice, basic,
comprehensive, basic and comprehensive, basic and
explorative, comprehensive and explorative, and basic,
comprehensive and explorative practices were con-
ducted in 9%, 1.3%, 29.5%, 10.3%, 2.6%, and 47.4% of
the surveyed schools, respectively (Fig. 3C).

Regarding explorative practices, 28 schools had
adopted them for less than 5 years, 19 for more than 5
years but less than 10 years, 12 for 11-15 years, and only
2 for more than 15 years. Sixteen schools had not yet
adopted explorative practices (Fig. 3D).

In 63.4% of the surveyed schools, the exploratory prac-
tice topic was designed by students and tutored by teach-
ers. In 23.9% and 12.7% of the surveyed schools, it was
designed by the students or by the teachers, respectively
(Fig. 3E).

It is difficult to control testing variables in physical
experiments. Videos that showing experiments pro-
cedures and virtual experiments are becoming con-
siderable options that have greatly altered physiology
teaching. A total of 10.3%, 6.4%, 24.4%, 35.9% and 23.1%
of the surveyed schools employed physical experi-
ments, virtual experiments, physical experiments com-
bined with virtual experiments, physical experiments
combined with watching videos, physical experiments
combined with virtual experiments and watching vid-
eos, respectively (Fig. 3F). Virtual experiments had
been employed for less than 5 years in 28 and 19 of the
surveyed schools, whereas it had been employed for
more than 10 years in only 14 schools. In 16 schools,
virtual experiments have not yet been employed
(Fig. 3G). Furthermore, the virtual experiment sources
were purchased from the company in most of the sur-
veyed schools, secondly developed by the school and
the company together. Only 2 schools developed the
virtual experiments by themselves (Fig. 3H).
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Changes in physiology teaching approaches

Medical education in the West has undergone several
influential reforms, such as the development of PBL at
McMaster University in the 1960s [23] and an integrated
curriculum at Newcastle University and Case Western
Reserve University in the 1990s [18, 19]. The survey was
conducted to understand whether these reforms have
also influenced physiology education. The results showed
that in addition to traditional didactic teaching, teach-
ing methods have also been innovated in some medical
schools in China.

At the time survey, PBL, CBL or TBL had been imple-
mented in 74.4% schools, integrated curriculum models
had been tried in 68.2% medical school, and formative
evaluation systems had been established in 75.1% schools
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(Fig. 4A). In the schools that had tried PBL, CBL or TBL,
61.3% of them had experience of more than 5 years).
57.1% of the schools that had implemented integrated
curriculum models for more than 5 years. In addition,
46.9% of the schools had tried formative evaluation sys-
tems for more than 5 years (Fig. 4B).

Moreover, the survey also demonstrated that over half
of the schools (55.7%) implemented the PBL/CBL/TBL
curriculum in partial chapters of physiology textbooks.
A total of 36.1% had implemented system-oriented local
content, and only 8.1% had implemented it in all chapters
of physiology textbooks (Fig. 4C). A total of 63.1% of the
schools that reported implementing integrated curricula
also reported integration with clinical sciences, 21.1%
with basic medical science, 10.5% reported integration
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Fig.4 Survey of various aspects of physiology teaching strategies and assessments in Chinese medical schools. A The bar charts show

the percentages of the medical schools that have or have not implemented PBL/CBL/TBL, integrated curricula, and formative assessments. B The
percentages of the medical schools with each range of employing time of PBL, integrated curricula, and formative assessments. C The percentages
of the medical schools that have employed PBL/CBL/TBL in all chapters, partial chapters or system-oriented local content of physiology. D The pie
charts show the percentages regarding with which course physiology have been integrated with. E, How the contact hour of physiology changed

after integration
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theory with practice, and 5.3% reported integration with
other curricula. At the time of the survey, curricular inte-
gration between theory and practice was reported in
10.5% of the surveyed schools. Integration with clinical
sciences and other basic medical sciences was reported
in 63.2% and 21.1% of the surveyed medical schools,
respectively (Fig. 4D). Furthermore, at least half of the
schools that had conducted integrated curricula reported
reduced contact hours in physiology. A total of 32.8% and
10.3% reported intact and growing contact hours after
integration, respectively (Fig. 4E).

Discussion

Physiology education is a microcosm of the reform and
development of the medical education in the Chinese
mainland. Hoping to improve the quality of preclinical
medical education, the present study was undertaken to
present an overview of current status and the changes in
physiology education, focusing on course hours, teach-
ing strategies and student assessments, teaching staff in
China by conducting a nationwide survey.

A total of 82 responses were finally included in the
reports, representing 80 top medical schools. The survey
focused on the teaching of clinical medicine students,
which usually comprise the largest programs at medi-
cal schools. The respondents covered most of the top
100 Chinese medical universities/schools; therefore, the
information collected by the survey could represent Chi-
nese medical universities/schools. The results showed
that the number of teaching hours spent on physiology at
medical schools in China has been significantly reduced,
in the past 30 years. In addition, both the quantity and
composition of teachers have changed considerably.
Traditional didactic teaching is still predominant even
though new teaching approaches, including problem-
based learning/case-based learning/task-based learning,
integrated curriculum and formative evaluation systems
have been conducted.

It is well known that small group teaching and exposure
to practicals benefit learning, however, the survey showed
that both the lecture contact time and laboratory practice
hours of physiology in each academic year had decreased
in the past 30 decades. Decreased course hours on physi-
ology have occurred worldwide not only in recent times
but also in earlier times, both in China and overseas. It
has been reported that from 1955-56 to 1985-86, labo-
ratory hours devoted to animal and human physiology
declined by 92% [24]. Consistently, the recent study by
Feng et al. also shows that the physiology class hours and
the ratio of physiological theory to laboratory have been
decreased over the last 20 years [21]. The reason that
physiology class hours are decreased, however, is compli-
cated. At present, an increasing number of students are
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using internet-based e-learning, such as watching videos.
Thus, one important reason for decreased physiology
hours is the construction and application of online open
courses, which can enable students to learn everywhere
at any time by removing temporal-spatial barriers. One
other reason for reduced course hours is perhaps to save
time for students to do scientific research and for clinic
curriculum, which is catering to the demands of modern
medical education. The third reason might also be the
outcome of educational advancement, that is, the stu-
dents had been taught some of the physiology knowledge
at high schools or even middle schools and there is no
need to repeat teaching these knowledge in universities.

Undoubtedly, a high ratio of qualified teachers to stu-
dents is desirable for medical education. Unfortunately,
the survey showed that the total number of teachers in
the physiology department had gradually decreased in
the past 30 years, in contrast to the rapidly expanding
student enrollment [25]. The recent study by Feng [21],
however, has shown that the total number of physiology
teachers remains unchanged rather than decreased. The
reason for the difference, however, is still not clear. In the
present study, we surveyed the directors of physiology
discipline, whereas Feng’s study surveyed the heads or
senior teachers. The different survey subjects might affect
the survey results.

For the teaching experience of the respondents, the
data showed that 98.8% of the respondents had over 5
years of teaching experience and most of them have had
a range of 26 to 35 years, even 10 had more than 36 years
of teaching experience, demonstrating that the directors
have rich experience. There is no doubt that rich teaching
experience is good to education. From another perspec-
tive, however, this data also suggest that the directors
have a relatively old age, and perhaps it is getting diffi-
cult for them to accept new teaching strategies. Moreo-
ver, consistent with Feng’s study [21], our results showed
that teachers possessing doctor’s degrees has increased,
whereas teachers with medical education backgrounds
has decreased. There are perhaps two reasons that con-
tribute to these phenomena. First, student enrollment
has been greatly expanded in most Chinese medical
schools, and it is becoming increasingly difficult for grad-
uates to obtain appropriate jobs. To alleviate employ-
ment pressure and improve competitiveness, they must
pursue a PhD career. Second, fewer students with medi-
cal education backgrounds are willing to pursue a career
in the full-time teaching of basic medical sciences [2],
possibly because the income gap has widened further.
Third, universities are excessively emphasizing scien-
tific research achievements when recruiting the teach-
ing staff and having a doctoral degree is the most basic
requirement for entering the university. The increasing
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number of teachers with PhD degrees has two sides to
physiology teaching. On one side, it helps to cultivate
students’ scientific research thinking as the teachers have
received well training in doing scientific research. On the
other side, teachers are often overburdened by spend-
ing too much time doing their own scientific research,
and therefore, the attention that can be paid to teaching
undergraduates will be greatly decreased. Some teachers
would even think that teaching is a waste of time, so that
the universities have to consider that attending under-
graduate courses for a certain amount of time as one of
the basic evaluation indicators. The decreasing number
of teachers with medical education backgrounds suggest
that the physiology teachers have difficulties in connect-
ing with clinical practice during teaching. To ensure the
teaching quality, on the one hand, medical schools should
help the physiology teachers to cultivate the transform-
ing medical concepts by establishing combined teaching
teams between basic and clinic. On the other hand, med-
ical schools should take strategies to reduce the pressure
of the teachers from scientific research, so that they are
willing to spend more time in teaching.

Every understanding or conclusion of physiology is
obtained from practice. Practice also assists students in
applying physiology to clinical applications. Regarding
explorative practices, 28 schools had adopted them for
less than 5 years, 19 for more than 5 years but less than
10 years, 12 for 11-15 years, and only 2 for more than 15
years. 16 schools have not yet adopted explorative prac-
tices (Fig. 4d).

Experimental courses are a very important part
of physiology teaching. By conducting experimental
courses, students’ observation abilities and hands-on
abilities can be better cultivated. However, some physi-
ological experiments are time consuming or require
expensive equipment. Furthermore, testing variables in
physical experiments is difficult. Experiments on live ani-
mals also require high levels of biological security. The
application of virtual experiments can effectively solve
these difficulties by enabling students to experience the
experimental process. The survey showed that virtual
experiments are adopted by more and more schools,
though most schools chose to purchase the virtual exper-
iment sources by the companies. This results indicate
that teaching strategies have been greatly impacted by
the development of artificial intelligence. A recent study
has introduced how to build an electronic standardized
patient (ESP) based-virtual human body system powered
by the real-time human physiological parameters in the
teaching of human physiology. These ESP-based virtual
simulation projects presumably becomes a considerable
option for the first-class course construction in physi-
ology [26]. In another study, the effectiveness of virtual
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labs in practicing biochemical experiments was assessed
and the student’s feedback regarding this tool was exam-
ined, showing that using virtual laboratories is effective
in delivering practical parts of basic medical experiments
to medical students and that the students have positive
attitude toward using virtual laboratories in the practi-
cal sessions of a Medical Biochemistry course [27]. The
authors believe that in the future, an increasing number
of medical schools will employ combined virtual experi-
ments and traditional experiments, as they can comple-
ment each other. Integrating medicine and industry will
promote the progress of the medical education.

The high enrollments also raise the question that more
students learn in the same class and share one teacher.
With reduced teachers and lecture contact time hours, it
is thus a challenge for departments to adequately organ-
ize teachers to maximize student learning and allow for
student-centered teaching approaches. To compensate
for the consequences of insufficient offline teaching,
online teaching platforms that help to integrate and uti-
lize teaching resources should be vigorously advanced.
Currently, MOOC:s education platforms such as the Chi-
nese University MOOC:s platform, XuetangX online plat-
form, Zhihuishu MOOC:s platform, and Chinese MOOC
platform have been vigorously developed [21]. Micro-
lectures are also popular in China. These online learning
platforms are of great significance in cultivating students’
professional knowledge and enhancing their innovative
abilities. However, there are still issues that need to be
improved, for example, teachers’ online teaching ability
needs to be improved, and students’ autonomous interest
in online learning needs to be stimulated.

For a long time, medical education, requires the medi-
cal students first learn basic and biomedical sciences and
then move to clinical sciences. It emphasizes one-side-
ness but lacks the overall concept of medicine, has posed
new challenges to the current medical training model
and curriculum systems. In addition, the patients are pre-
sented in a totally different way as the traditional medi-
cal education. Integrated teaching can integrate different
disciplines in a unified manner, thereby strengthening
students’ cognition of disease from different dimensions
and levels, which is beneficial for broadening students’
vision and reducing repetitive and unnecessary teaching
content. It has been proven that the integrated teaching
concept centered on organ systems benefits students’
early formation of medical concepts [28, 29]. At the time
of survey, the majority of the medical schools employed
integrated curriculum models. At the time of the sur-
vey, integration between physiology and clinical sciences
(vertical integration) was reported in more than half of
the schools. Integration physiology between other basic
medical sciences (horizontal integration) was employed
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fewer than vertical integration, whereas integration
between theoretical lectures and practice sessions was
least adopted. These results are consistent with a previ-
ous study showing that most curricula for medical edu-
cation have been integrated horizontally and vertically.
Most of the integration was integrated vertically between
basic and clinical sciences, yet an vertical integration
with humanism, and health population in the verti-
cal axis, not only in the early years but also throughout
the curriculum is also needed [30]. Furthermore, most
of the schools with integration courses had decreased
contact hours in physiology. These results are consistent
with previous reports that in a vertically integrated cur-
riculum the time spent on classroom education gradu-
ally reduces across the years, while the time on clinical
practice increases [31]. These results also indicate that
medical educators have realized that the old curriculum
system is not conducive to cultivate systematic clinical
thinking patterns, and have already taken steps towards
reforms. Reduced classroom hours but enhanced gradu-
ation requirement indicated the teaching strategies must
be improved. Furthermore, the teaching quality evalu-
ation systems must also be improved. Problem-based
learning is an approach that is often used with the aim
of creating curricular integration. To improve teaching
strategies, PBL, CBL or TBL was implemented in most of
the surveyed schools, with more than 5 years of experi-
ence.In addition, 46.9% of the schools had tried formative
evaluation systems for more than 5 years.

Limitation of this study

Not all the medical schools that provide five-year clini-
cal medicine programs were included in the study, as
the sample was not selected randomly.

Conclusions

The present study has provided historical data regard-
ing the current status of physiology education in China
and that in the past thirty years. Physiology is still mainly
taught as a discipline-based curriculum in most medical
schools, even though it is integrated with other disci-
plines. Physiology education in China faces many chal-
lenges, such as decreased course hours and decreased
teachers with medical backgrounds. Although innovative
teaching strategies have been employed in some medi-
cal schools, traditional didactic methods are still mostly
used. Overall, the present study helps to understand
the current status of physiology education in China and
raises some concern for the better development of physi-
ology education. Although the sample may not be truly
representative of whole China, they were representative
of the top 100 medical schools in the mainland of China.
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