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Backgroud: Under the circumstance of school closures caused by the coronavirus outbreak, medical schools in
China began implementing online teaching, including histology and embryology (HE) beginning in the middle of
February 2020. The changes in HE education in responding to the pandemic in China needs to be determined, for
further adaption of online teaching delivery or blended learning.

Methods: A nationwide survey of the major medical colleges was conducted via WeChat.

Results: In total, 83 medical schools (one respondent per school) were invited to survey, 78 medical schools
responded which represented most medical schools across all the provinces in mainland China, as well as Hong
Kong and Macao. The results revealed that 77% (n = 60) and 58% (n = 45) of the responding schools had
conducted HE theoretical and practical online teaching, respectively, prior to the pandemic; however, 27% (n =
21) of the medical schools had temporally suspended practical sessions at the time the survey was completed.
During the pandemic, 73% (n = 57) and 29% (n = 23) of the medical schools delivered HE theoretical and
practical sessions by synchronous live broadcasting, respectively; 65% (n = 51) of the medical schools increased
virtual microscopy using during practical sessions. During the pandemic, 54% (n = 42) of the medical schools
implemented teaching activities promoting active learning; meanwhile, online assessment was implemented in
84% (n = 66) of the responding medical schools. With regard to the satisfaction with the effectiveness of online
teaching during the pandemic, 64% (n = 50) of the medical schools gave positive answers and considered that it
was a good opportunity to develop novel and diversified teaching methods. Despite various difficulties such as
work overload and unstable online teaching environments, most medical schools are willing to continue or in-
crease theoretical online teaching after the pandemic.

Conclusions: Medical institutes in China were the earliest of closing campuses and having complete online
teaching experience during the pandemic. This paper presents overall HE teaching situation extracted from the
survey, to assist other medical schools optimizing the transitions to quality online teaching within a short time,
and to serve as reference for schools that demand essential knowledge in online teaching methods, infrastructure
construction, and platform integrations.

1. Introduction

An unexpected coronavirus pandemic erupted suddenly in early
2020 and quickly spread throughout the world. Millions of people have
been infected worldwide, and some patients with serious complications
still face the threat of death, since there have not yet been specific
treatments developed for Covid-19 [1-3]. The first report received by
the World Health Organization (WHO) that a small cluster of pneumonia
cases with unknown etiology in Wuhan, Hubei Province, China, was

made on December 31, 2019 [4]. The virus had subsequently confirmed
in several other countries in southern and eastern Asia by the middle of
January. To control the outbreak of the virus, the Chinese government
imposed a modern form of quarantine: shutting down all transportation
in and out of Wuhan on January 23, 2020. The lockdown soon expanded
to twelve other cities in Hubei Province [5]. On March 11, 2020, the
WHO officially declared the outbreak a pandemic. Consequently, almost
every country has put forward various restrictive measures of popula-
tion shifts and social interactions against the spread of Covid-19 [6].
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People’s normal lives fell into complete stagnation because of the
influence of the Covid-19 pandemic [7], which unreservedly spread to
global schools and universities, including medical schools [8]. More
than one hundred countries had closed their schools by the middle of
March 2020, which affected the normal studies of nearly half of the
global student population [9]. Traditional face-to-face education and
academic activities in universities all over the world were suspended
temporally and moved to online learning [10,11]. As part of the first
country to perform quarantine during the pandemic, medical schools in
China have been offering online education to medical students ever
since the middle of February, which is usually the time of the
back-to-school season for the spring term at most Chinese universities.

Histology, also called microanatomy is a prerequisite discipline for
studying other medical courses [12,13]. Embryology is the basic science
that describes the development of an organism within the maternal
uterus. These two basic medical sciences are combined into one course
in mainland China, histology and embryology (HE), which is usually
separated from gross anatomy. A nationwide survey on HE education in
China was carried out by our team two years ago to give educators an
overall introduction to HE teaching [14]. Traditionally, the HE theo-
retical knowledge is taught in a lecture-based classroom, followed by
practical sessions in a histology laboratory. During the Covid-19
pandemic, how did Chinese HE teachers adjust themselves to adapt to
the abrupt change in situation, and how did they transform their
traditional face-to-face classes into an entire online courses in such a
rapid time?

As we know, the achievement of online teaching is heavily reliant on
various technologies, including the appreciation of broadband and
teaching platforms [15]. In recent years, techniques based on the
internet have progressed greatly in China, producing a profound effect
on education. Online teaching and learning activities are becoming
popular among teaching academics and learners. Some live broadcasting
platforms and teaching management platforms have rapidly developed
in China. Commonly used synchronous live broadcasting teaching
platforms include Tencent classrooms/meetings (Tencent Holdings Ltd.,
Shenzhen, China), which are similar to those available by Zoom (Zoom
Video Communications Inc., San Jose, CA), which is popular in other
parts of the world. Teaching management platforms such as Rain
Classroom (Tsinghua University, Beijing, China), Xuexitong (Tsinghua
University, Beijing, China) and Blackboard (Blackboard Corp., Wash-
ington, DC) are the most popular choices for Chinese teachers to upload
and issue their teaching materials, including videos, presentations, ex-
ercises, etc. A few teaching management platforms, for example, Rain
Classroom and Xuexitong, have upgraded their functions to support live
broadcasting teaching. The massive open online courses (MOOCs), such
as the Chinese University MOOC (Chinese University MOOC, Beijing,
China), Xuetang Online (Tsinghua University, Beijing, China), Zhi-
huishu (Able-Elec Co. Ltd., Shanghai, China), and PMPH MOOC (Peo-
ple’s Medical Publishing House, Beijing, China), are well recognized on
different course platforms as content providers for medical courses in
China. Screen capture and postproduction software, including Corel
Video Studio (C&J Marketing Software Co., Ltd., Suzhou, China) and QQ
Yingyin (Tencent Holdings Ltd., Shenzhen, China), which function as
Camtasia (TechSmith Corp., Okemos, MI), and are extensively used
worldwide. In addition, some social media apps, for example, WeChat
(Tencent Holdings Ltd., Shenzhen, China) and QQ Yingyin (Tencent
Holdings Ltd., Shenzhen, China), also provide live broadcasting in
China. Till May 2020, there had already been 43 MOOCs related to
human histology and/or embryology on different teaching platforms in
China, providing free courses for social learners.

Except for theoretical session, microstructural observation under a
microscope in a practical laboratory is also an important part of HE
teaching. The progress of techniques has brought about the extensive
application of virtual microscopy in histology education [16,17]. With
the help of slide scanners, a large number of high-resolution images of
existing histological slides have been digitalized so that medical

Translational Research in Anatomy 24 (2021) 100115

students do not have to rely on light microscopes in histological labo-
ratory [18,19]. The national survey for HE teaching completed in 2018
demonstrated that 40% of medical schools in mainland China had
already been partly or completely equipped with virtual microscopy in
teaching [14]. The combination of virtual microscopy platform with the
application of light microscopy is the most preferred approach at most of
medical schools in China. Virtual microscopy platform is constructed
and maintained by each individual medical school, while most of them
are open to off-campus users if authorized by government as national or
provincial experimental centers (i.e., supported by national or provin-
cial government). The shift from light microscopy to virtual microscopy
over the years has undoubtedly provided infrastructure for online his-
tology courses during the current pandemic period. Nevertheless, are
these appreciative techniques sufficient enough to meet the basic needs
of histology online education when we have few other choices in the
matters during the pandemic outbreak and related school closures?

In this context, we conducted a nationwide survey among Chinese
professional HE teachers at April 2020 - after two months of complete
online HE teaching, to assess the general situation of HE education on-
line during the pandemic in China, and to provide HE teachers with
some facts regarding effectively teaching online. Based on information
from the Chinese Ministry of Education (MOE) website, there are
currently 128 medical colleges/schools in mainland China, 2 in Hong
Kong, and 1 in Macao, which are either independent medical univer-
sities or medical schools within a comprehensive university. Students in
clinical medicine programs are the predominant group found in medical
schools, and they are trained with a standard teaching syllabus formu-
lated by the MOE; therefore, the items in the questionnaires focus on
clinical medicine programs.

2. Materials and methods
2.1. The survey implementation

The survey instrument was designed to collect information about HE
online teaching during the Covid-19 pandemic, which ranged from mid-
February 2020 until mid-April 2020 in China, including such aspects of
HE online teaching as theoretical sessions (lectures), practical sessions,
active learning activities, online assessment, and thinking about the
experience. The questionnaire items of the survey instrument were
developed in Chinese (see Supplementary Material 1 for the translated,
English version). The survey was piloted with the faculty members of the
first author to ensure the clarity of the questionnaire and was subse-
quently revised based on the feedback.

A convenience sampling of the HE departments was used. The di-
rectors of the HE departments of most of the medical schools in China
were part of a messaging group in the WeChat application, which is a
popular social media mobile application [20]. An invitation to partici-
pate by completing the survey instrument on an online survey platform,
SoJump (Ranxing, Changsha, China), was sent to the group members
individually [21,22]. The survey participation was voluntary. Only one
completed survey was included from each school. The following medical
schools were excluded: traditional Chinese medical schools and
specialist technology colleges. Some completed surveys were followed
up with phone calls to confirm the accuracy of the information, to clarify
obscure answers and to help the respondents complete omitted items if
they were willing to do so. The survey was performed with the collab-
oration of the Chinese Society for Histology and Embryology, a section
of the Chinese Society for Anatomy Sciences (CSAS), which is the na-
tional organization of anatomical educators.

2.2. Data analysis
All statistical and graphical analyses were performed using the SPSS

statistical package, version 17.0 (IBM Corp., Armonk, NY). The data
obtained from the questionnaires were analyzed using Cronbach’s alpha
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test to determine the internal consistency of the responses. Kendall’s tau
b test was used to assess the correlations of the items in the question-
naires with different types of medical schools. Results of the statistical
analyses were presented as mean + standard deviation (SD), and
considered statistically significant when P < 0.05.

3. Results

In this survey, we invited 83 medical schools in mainland China,
Hong Kong and Macau via WeChat or email to complete the question-
naires. Only one teacher in each school was invited to complete the
questionnaire. Eventually, 78 respondents answered the questions in the
questionnaire, which were proven to be effective. Thus, the response
ratio was 94%. The distribution of the completed surveys covered the 23
provinces, 5 autonomous regions and 4 municipalities in mainland
China, as well as the two special administrative regions of Hong Kong
and Macao.

The 337 main cities in mainland China are classified into six-level
city tier system, which are the first, new first, second, third, fourth
and fifth-tier cities, according to the degree of commercial resources
aggregation, city junctions, citizen’s activities, diversities of livings, and
future plasticity (http://www.199it.com/archives/1057872.html).
Hong Kong and Macao are also categorized into first tier cities because
of their international status. Based on the locations, 33 surveyed medical
schools are situated in first-tier and new first-tier cities. There is only one
medical school in the fifth-tier city. Therefore, the medical schools in the
fourth (n = 13) and fifth-tier cities (n = 1) are combined as one group for
further correlation statistics. “Double first-class” - the newest govern-
ment assessment criteria to categorize universities in mainland China,
means “world-class universities” and “first-class disciplines”. There are
42 world-class universities and 95 universities having first-class disci-
plines [23]. Based on this criterion, 21 of the 78 medical universities/-
schools in this survey are qualified as “double first-class™.

The value for Cronbach’s alpha for the 15 single-answer items in the
questionnaire was 0.376. The results of Kendall’s tau b test showed the
correlation coefficient amongst cities classification and the items in the
questionnaire (Table 1).

3.1. Theoretical sessions (lectures)

Synchronous live broadcasting is the most popular format of HE
online teaching. The survey showed that 77% (n = 60) of the medical
schools had already implemented various forms of online HE theoretical
lectures before the pandemic, including developing MOOCs (18%, n =
14), flipped classrooms (21%, n = 16), and mixed online and face-to-
face teaching formats (38%, n = 30). During the pandemic, the major
delivery methods for HE theoretical sessions were live broadcasting
(40%, n = 31), recorded broadcasting (13%, n = 10), and blended live
and recorded broadcasting (33%, n = 26). Several teachers chose live or
recorded broadcasting by audio instead of video (4%, n = 3). Among the
schools where live broadcasting was chosen for their online theoretical
sessions, 63% (n = 36) of them utilized synchronous live broadcasting
platforms, e.g., Tencent classrooms/meetings, 36% (n = 21) of them
used teaching management platforms with live broadcasting capability,
e.g., Rain Classroom, Xuexitong, and 31% (n = 18) of them used social
software, e.g., QQ and WeChat. During synchronous live broadcasted
theoretical sessions, the vast majority of the surveyed medical schools
(83%, n = 47) used less than half of the class time to interact with their
students, and real-time interactive communication via voice (91%, n =
52) or text (89%, n = 51) was the most commonly used means of
interaction. Other interaction forms, such as real-time on-screen com-
ments (Danmu) and online voting (44%, n = 25), real-time online
answering questions based on PowerPoint plug-ins during the synchro-
nous live broadcasting class (51%, n = 29), and organizing online dis-
cussions among student group members (39%, n = 22), were also
adopted by some schools.
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Regarding asynchronous theoretical sessions, Powerpoint presenta-
tion screen capturing is most commonly used for HE online teaching.
However, 61% (n = 22) of the schools adopted without teachers
appearing in recorded videos, 27% (n = 10) of the schools did post-
production processing, which may have included teachers’ talking-head
videos. After recording HE theoretical sessions, 44% (n = 16) of the
schools chose teaching management platforms, e.g., Xuexitong, Rain
Classroom, and Blackboard, to release the videos, while 24% (n = 9) of
the schools used online courses platforms, e.g., Chinese University
MOOC, PMPH MOOC, and Zhihuishu, and 19% (n = 7) of the schools
used social software, e.g., QQ and WeChat. In regard to the contents of
HE theoretical sessions, 38% (n = 30) of the responding schools
completely redesigned their teaching materials for online delivery,
while 36% (n = 28) of the schools only slightly modified their content,
and 18% (n = 14) of the schools did modify their teaching materials at
all.

3.2. Practical sessions

The HE online practical sessions were implemented at a much lower
rate if compared with the theoretical sessions. The survey showed that
58% (n = 45) of the responding schools had experience with imple-
menting online HE practical sessions using the MOOC (9%, n = 7),
flipped classroom (15%, n = 12), or blended method (33%, n = 26).
During the pandemic, HE practical sessions were temporally suspended
in 21 responding schools (27%) at the time the survey was performed.
For the schools that still conducted online HE practical sessions, 40% of
the schools used synchronous live broadcasting (n = 23), 12% of the
schools used asynchronous recorded broadcasting (n = 7), and 30% of
the schools used both live and recorded broadcasting (n = 17). Fifty
percent of the responding schools (n = 39) showed an increased use of
virtual microscopy in online HE practical sessions by more than 50%,
15% of the schools (n = 12) showed an increase of less than 50%, and
35% of the schools (n = 27) reported no change in their use of virtual
microscopy in online HE practical sessions. Among these schools, 49%
(n = 28) used virtual simulation platforms built by their own in-
stitutions, while 36% (n = 21) and 15% (n = 8) of the schools used
national or provincial virtual simulation platforms, respectively, which
are virtual resource-sharing platforms recognized by central or local
governments. It was found that 65% (n = 35) of the responding schools
used less than 50% of the class time for interacting with students, and
30% (n = 16) of the medical schools used more than 50% of the class
time as practical time.

3.3. Active learning sessions and online assessment

The students-centered teaching strategies were also employed during
HE online teaching, but a sizable reduction could be observed. Before
the pandemic, 82% (n = 64), of the responding schools had active
learning sessions (e.g., flipped classroom, small group discussion,
problem-based learning (PBL), and team-based learning (TBL), indi-
vidualized tutoring). Among them, 46% (n = 36) continued these ses-
sions during the pandemic, while 36% (n = 28) of the schools suspended
them. Interestingly, 8% (n = 6) of the responding schools initiated active
learning during the pandemic although they had never done so before
(Fig. 1A). The active learning sessions included individualized tutoring,
flipped classroom, small group discussion, PBL, TBL, etc. (Fig. 1B). The
platforms for running these sessions were mainly teaching management
platforms such as Rain Classroom, Xuexitong, and Blackboard (86%, n
= 36), although 52% (n = 22) of the responding schools utilized social
media, e.g., QQ and WeChat. Other platforms including “Panopto
(Panopto, Seattle, WA)”, “Zoom” and “Duifene (Duifene, Shanghai,
China)” were also used by some teachers (others, 10%, n = 4).

One particular challenge for educators switching to the online format
from traditional teaching is how to implement assessment. Before the
pandemic, 72% (n = 56) of the responding schools had experience with
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Table 1
The correlation coefficient among the items and various types of medical schools.
City tier Double 2 3 6 7 9 10 11 12 13 14 15 17 18 20 21
system first
class
Double - first class .208** -
2. How to implement online 0.063 0.075 -
theoretical sessions before the
pandemic
3. The format of online theoretical —0.107 —0.078 -0.051 -
sessions during the pandemic
6. Time used for student-teacher 0.086 0.000 0.014 -0.142 -
interaction for synchronous live
broadcasting of theoretical sessions
7. How to record the theoretical —0.070 —0.122 0.172 .307* —0.206 -
sessions for asynchronous recorded
broadcasting
9. The change in content materials for ~ —0.120 —0.078 0.039 0.103 0.132 0.063 -
online theoretical sessions
10. How to conduct online practical 0.035 0.132 .344+* 0.101 0.102 0.069 0.134 -
sessions before the pandemic
11. The increase use of VM in the 0.188 0.205 —0.062 —0.088 -.245% —0.097 -.278%* —0.060 -
practical sessions during the
pandemic
12. The format of the online practical 0.023 -.217* 0.011 .320%* 0.139 0.058 —0.028  0.058 -.267%% -
sessions during the pandemic
13. The platforms/tools employed for —0.104 -.251* —0.164 —0.053  0.056 —0.186 0.124 -0.118 —0.129 0.207 -
practical sessions during the
pandemic
14. Time used for teacher-student —0.004 -.276* 0.045 —0.122 .367** —0.002 0.030 —0.009  -.266* 0.061 0.010 -
interaction during the online
practical sessions
15. Active learning implementation 0.139 —0.046 0.135 0.126 0.158 317%* 0.040 .282%* —0.072 0.144 —-0.115  0.139 -
before and during the pandemic
17. The tools employed to implement 0.026 0.085 0.154 0.049 —0.078 0.031 0.081 0.074 0.024 —0.085  0.025 —0.181 -0.118 -
active learning during the pandemic
18. Online assessment implementation 0.019 —0.210 0.050 0.018 0.165 0.184 —0.029 —0.004 —0.180 0.176 —0.105 .341** .323** 0.017 -
before and during the pandemic
20. Evaluating the effectiveness of —0.188 0.074 0.020 —0.181 -.355%* 0.036 —0.174 -0.102  0.125 —0.138  0.052 -.302% —0.186 —0.028 -0.043 -
online learning performed during
the pandemic
21. Satisfying with the effectiveness of  .206* 0.068 0.089 0.052 .344** —0.041 0.159 .234* —0.162 0.139 —0.075 .346** 0.199 0.105 0.052 -.643*% -
online learning during the pandemic
24. Continuingonline teaching after 0.038 —0.040 —0.033 —-0.066  0.137 0.163 .206* 0.109 0.035 0.036 0.066 0.038 211% 0.066 0.041 —0.124 0.121

the pandemic

**P < 0.01; *P < 0.05.
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Others 10%, n=8

TBL 10%, n=8
PBL 24%,n=19

Group discussion 24%, n=19

Flipped classroom 28%, n=22
Il Done before and suspended during pandemic
B Not done before and did during pandemic Individualized tutoring 29%, n=23
A Not done before and did not do it either now B 0 25 50 75 100 (%)
9%,n=7
19%, n=15 Others 14%, n=11
' 65%. n=51 Subjective assessment by teachers 23%, n=18
7%, n=5 D26, 0
Peer assessment of homework 27%, n=21
Recording attendance for online =
Il Done before and continued during pandemic 8 sessions 54%, n=42
Il Done before and suspended during pandemic
. D =
B Not done before and did during pandemic Online tests 81%, n=63
C Not done before and did not do it either now D 0 20 40 60 80 100 (%)

Fig. 1. Survey of various aspects regarding online HE active learning and assessment at medical schools in China during the pandemic.

A: Pie chart showing the implementation of active learning (e.g., partly flipped classroom, group discussion, PBL, TBL, and individualized tutoring) before and during
the COVID-19 pandemic (n = 78). B: Bar chart showing the types of active learning implemented for HE during the COVID-19 pandemic (n = 42). C: Pie chart
showing the implementation of online assessment before and during the pandemic (n = 78). D: Bar chart showing the main formats of online assessment employed for
HE teaching during the pandemic (n = 71). Abbreviations: PBL, problem-based learning; TBL, team-based learning; HE, histology and embryology.

using online assessments. Among them, 65% (n = 51) of the schools
continued their use during the pandemic, while 7% (n = 5) of the schools
suspended their online assessments during the study period. The
remaining 28% (n = 22) of the responding schools did not have expe-
rience with online assessments before the pandemic. Among them, 19%
(n = 15) of these schools initiated online assessments during the
pandemic (Fig. 1C). Among the responding schools that carried out
online assessments, the vast majority of the medical schools adopted
online tests, while the others utilized peer assessments for homework,
attendance for online sessions, and subjective assessments by teachers
(Fig. 1D). Some other applications (APPs) e.g. “Mentimeter quiz
(Mentimeter AB, Alstromergatan, Sweden)”, “Sojump”, were employed
for online assessment, mentioned at “others” option.

3.4. Teacher experience

Teachers were also aware of the importance of their perceptions on
this high-impact online teaching experience. Only approximately 50%
(n = 39) of the responding teachers estimated that their online sessions
during the pandemic helped students achieve 80-100% of the intended
learning outcomes, while 36% (n = 28) claimed a 60-80% achievement
rate, 11% (n = 9) claimed a 30-60% achievement rate, and 3% (n = 2)
claimed a <30% achievement rate (Fig. 2A). In addition, 15% (n = 12)
and 49% (n = 38) of the responding schools reported that they were
“very satisfied” and “satisfied”, respectively, with the effectiveness of
their online teaching during the pandemic (Fig. 2B). The average values
of Likert scale for satisfaction was 3.79 + 0.69, if 1-5 rating scale from
“very dissatisfied” to “very satisfied”. They reported that the top two
gains from online learning were the “diversity of teaching methods” and
“good opportunities for developing novel teaching methods” (Fig. 2C).
The top two difficulties for the responding teachers were reported as

“difficulty grasping students’ progress and learning outcomes” and
“unstable online teaching environments, platforms and tools” (Fig. 2D).
Some teachers said the first week of online teaching was much difficult
to adapt, and the students’ firsthand experience was irreplaceable for
medical practical science. When asked whether they were willing to
continue their online teaching after the pandemic, 58% (n = 45) of the
responding teachers said they were willing to continue to implement
theoretical sessions online, but only 1 medical school would continue to
implement practical sessions online, while 17% (n = 13) of the re-
spondents said that they would like to switch back to face-to-face
teaching.

3.5. Correlation analysis

The correlation analyses were carried out between the items in the
questionnaire and various classifications of medical schools (Table 1). It
showed that the satisfaction of online teaching effectiveness was
correlated with the city tier system (r = 0.206, P = 0.034, n = 78), with
significantly higher satisfaction of the first-tier cities than others
(Fig. 3A). If classified by “Double First-Class” universities, there are
positive correlations on the formats of the online HE practical sessions (r
= 0.217, P = 0.035, n = 78, Fig. 3B), the platforms employed for HE
practical sessions during the pandemic (r = 0.251, P = 0.045, n = 57,
Fig. 3C), and the time used for teacher-student interaction during the
online practical sessions (r = 0.276, P = 0.040, n = 54, Fig. 3D).

Meanwhile, the teachers’ evaluation of the effectiveness of online
learning was closed related to the extent of teachers’ satisfaction with
online teaching (r = —0.643, P = 0.000, n = 78). Furthermore, both
aspects were closely associated with the amount of their interactive time
with students (about evaluation of online learning effectiveness, for
theoretical sessions, r = -0.355, P = 0.002, n = 70; for practical sessions,
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3%, n=2
’I 11%, n=9
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Good opportunity for developing novel

W <30% learning outcome
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Content materials not easily amenable to

Insufficient training and management for
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Others | 1%,n=1
19%, n=15
29%, n=23
32%, n=25
> =
teachers and students 36%, n=28

i o
teaching methods 62%, n=48

86%, n=67

0 20 40 60 80

100 (%)

5%, n=4
and methods b

Others 6%, n=5

% A 8%, n=6
online teaching ”

15%, n=12
18%, n=14
22%, n=17
24%,n=18

o, =
teaching 44%, n=34

51%, n=40
platforms and tools

A 55%, n=43
and learning results >

0 25 50 75 100 (%)

Fig. 2. Survey of various aspects regarding personal perception for online HE teaching at medical schools in China during the pandemic (n = 78).

A: Pie chart showing the percentage of teaching objectives achieved by HE online teaching. B: Pie chart showing the satisfaction of HE online teaching during the
pandemic. C: Bar chart showing the largest gain from online teaching during the pandemic. D: Bar chart showing the greatest difficulties encountered in imple-
menting online teaching during the pandemic. Abbreviations: HE, histology and embryology.

r=-0.302, P = 0.019, n = 54; about extent of teachers’ satisfaction with
online learning, for theoretical sessions, r = 0.344, P = 0.002, n = 70; for
practical sessions, r = 0.346, P = 0.007, n = 54). The interactive time
with students on theoretical sessions was also positively related to the
counterpart on practical sessions (r = 0.367, P = 0.007, n = 54). In
regard to their intention to continue online teaching after the pandemic,
the answer was associated with both changes on HE theoretical content
materials (r = 0.206, P = 0.038, n = 78) and active learning imple-
mentation before and during the pandemic (r = 0.211, P = 0.037, n =
70).

3.6. Suggestions of sustainable development about HE online teaching

The open-end questions contained the suggestions for the sustainable
development about HE online teaching (Table 2). The medical schools
responded to the survey actually put forward many valuable suggestions
for future HE online teaching. The responses mainly focused on four
aspects, i.e., attitudes about online teaching (20%, n = 10), demands of
sharing online teaching resources (37%, n = 19), online teaching stra-
tegies (29%, n = 15), and requirements of improving online teaching
environments (10%, n = 5). Several medical schools advocated that
CSAS should set up HE online course standards and develop a concise
online HE curriculum that optimizes the basic knowledge points and
redesign the course contents. Many respondents appealed for the sharing
of premium online teaching resources among the medical schools
nationwide, especially for the practical sessions, and sharing of virtual
slides with typical microstructures as well. Some other medical schools
provided very detailed suggestions on how to improve the interactions
and online assessments using current virtual microscopy platforms.

4. Discussion

As an effective measure to restrain the Covid-19 outbreak, the stay-
at-home policy, which is a double-edged sword, also sent medical stu-
dents away from their campuses. From the start of the 2020 spring se-
mester, all the medical schools in mainland China moved their teaching
activities online for their students at home [24]. The abrupt switch from
“face-to-face” or blended learning to complete online teaching was un-
predictable. Therefore, it basically reflected the real circumstance of
online medical education in China. The information in this survey was
obtained from 78 effective responses representing the major medical
schools in China, therefore, the survey could be recognized as repre-
sentative of HE online teaching during the Covid-19 pandemic in China.

4.1. Theoretical and practical sessions

We need to admit that the fast accomplishment of HE online edu-
cation due to the Covid-19 pandemic benefited from the infrastructure
construction of histology education resources, which could be reflected
from the relatively high proportion of HE online teaching experience
prior to the pandemic; 60 and 45 of the 78 responding medical schools,
respectively, had different formats of online theoretical and practical HE
teaching. In recent years, web-based HE learning has also been widely
applied at medical schools in China in conjunction with the rapid
development of web-based histology worldwide [25,26]. Regardless of
the method used to deliver HE content online, such as live videos,
recorded videos or blended videos, each of the methods needs technical
support, which cannot be fulfilled within a few days/weeks without any
foundation. As a novel educational mode, e-learning first appeared in
mainland China in 2001 [27]. Since then, the e-learning industry in
mainland China has emerged as an explosive developmental process,
and it has dramatically facilitated Chinese higher education’s online
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A: Bar chart showing the percentage of satisfaction of online teaching effectiveness when classified by city tier system (n = 78). B-D: If classified by “Double First-
Class” universities, B: Bar chart showing the percentage of the online HE practical sessions formats (n = 78); C: Bar chart showing the percentage of the platforms
employed for HE practical sessions (n = 57); D: Bar chart showing the percentage of the time used for teacher-student interaction during the online practical sessions

(n = 54). Abbreviations: HE, histology and embryology.

learning by means of providing various educational platforms and tools.
It is hard to argue against the fact that the prevailing development
paradigms of these software programs dramatically promote the
implementation of online teaching in China, or that the effective tech-
nical measures also generate a large number of courseware, as in other
countries [28].

However, the current results adequately suggest that medical schools
in first-tier and new first-tier cities adapted better in response to the
pandemic, migrating to online environment in terms of better equip-
ment of digital resources and IT support. For example, the medical
schools in first-tier or new first-tier cities completed 50% of HE MOOCs,
with the medical schools in the first-tier cities ranking first at “accom-
plishing 80-100% of the teaching objectives” (71%) and being “satisfied
with their online HE teaching” (64%).

A challenge for improving distance education is the issue of how to
manipulate the interaction between teaching academics and students
[29-31]. The implemented social distance measures in response to the
pandemic have forced the shift of human social interaction from offline
dominance to online dominance [32], which obviously involves the field
of communication. Students claim that one of the important reasons for
them to feel that they struggle with distance learning is the lack of
motivation because they cannot have adequate direct interactions with
their teachers as they do in a traditional classroom [33]. Students also
think that there is more effective communication in didactic lectures and
practical sessions than online, although there technically is no barrier to
asking questions via online media [9]. This survey demonstrated that
the majority of the responding schools reported a certain amount of
communication with their students, which was positively related to the
satisfaction with online teaching.

Compared to lectures online, the bigger challenge is how to imple-
ment HE practice online well, which is actually an issue that is prevalent

in almost all disciplines of life sciences [33-35], although such online
practice has been gradually accepted by teaching academics and stu-
dents after several years of practical experience [36]. Beyond all doubt,
virtual microscopy was found the most effective alternatives of per-
forming practice when the coronavirus outbreak hit, approximately 35%
of the responding medical schools still remained unchanged on their use
of virtue microscopy in HE practice. This finding may mean that other
approaches (e.g., watching photos which are static) were employed, that
HE practice was suspended temporally, or that virtual microscopy was
fully implemented at some institutes before the pandemic. Although
various virtual microscopy platforms can be utilized to implement
practices, we noticed that 21 responding schools reported having post-
poned their practices at the time the survey was performed. Some
medical schools moved all the theoretical sessions ahead of practice,
instead of normally one practice following one theoretical session in
traditional HE class. That was their initial solution to the interrupted
teaching by the unprecedented pandemic, a few schools adopted the
“watch and wait” strategy at beginning. Nevertheless, most educators
have responded to this teaching format enthusiastically and creatively.
Some schools adjusted their strategy rapidly with the spread of the
pandemic, which could mainly be dependent on the existing resources
and previous experiences with online teaching. In uncertain time,
different kinds of resourcefulness have been reported in ensuring the
students to utilize learning resources available to study remotely, and
educating the clinical trainees [37].

4.2. Active learning sessions, assessment, and teacher experience

A growing number of active learning activities, such as integrated,
PBL, and TBL pilot curricula, have appeared in medical schools in China,
and the HE course can be incorporated as a basic section by these
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Table 2
Teachers’ comment analysis and the representative quotes (n = 51).

Comments
n (%)

Categories Subcategories Representative quotations

Attitudes on online Positive 6 (12%) @ “HE possesses certain
teaching advantages in teaching
online.”

@ “Combining online
education and face-to-
face teaching can lead
to better learning
outcomes.”

Neutral 4 (8%) @ “Online teaching is not
recommended except
in very special
circumstances.”

@ “The consistency and
integrity of knowledge
framework was
difficultly delivered
via online courses.”

Curriculum 3 (6%) @ “CSAS should set up

standards the national standards

online resources for HE online courses
among medical and develop a concise
schools HE course online.”

@ “Build one normalized
platform of online
teaching for all the
medical schools.”

Strong desire to
share premium

Online 16 (31%) @ “Share typical

teaching microstructural

resources images/pictures
among medical schools
nationwide.”

@ ‘“Develop better online
resources for practical
sessions by combining
Aperio with Moodle.”

For teachers 4 (8%) @ “Teachers’ digital

themselves literacy should be
strengthened under
online teaching
circumstances.”

@ “Think out new
methods to facilitate
online teaching.”

Online 8 (16%) @ “Increase the teacher-

teaching students interaction

strategies under online teaching
circumstances.”

@ “Increase the
surveillance and
monitor in students’
regular study.”

Problems 3 (6%) @ “Suggest way to share
the methods on online
assessing the student’s
academic
performance.”

@ “How to implement
close-book testing in
online?”

An appeal for the 5 (10%) @ “A reliable internet
improvement of connection is a
online teaching founding premise of
environments online teaching!”

@ “A success in online
teaching needs the
support from stable
network operations.”

Others 2 (4%) @ ‘“Universities should
set up an online
teaching evaluation
system to avoid
overloading.”

Suggestions and
problems of
online teaching
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teaching approaches [38,39]. Regarding whether active learning had
been implemented before the pandemic, 82% of the medical schools
answered yes. This number is higher than the number of respondents
that we noted regarding PBL implementation in HE teaching two years
ago [14], which is probably because of the quick development of active
learning at medical schools in China during the past two years. Another
possibility is that this approach benefits from the maturity of various
platforms for online learning, which could be reflected in the fact that
86% of the medical schools which reported carrying out active learning
were by means of platforms for online learning. It is worth noting that
there is a significant reduction in PBL implementation during the
pandemic compared to that prior to the pandemic [14], indicating the
dysfunction or difficulty of PBL implementation online when compared
with traditional face-to-face PBL settings. With regard to this issue,
Dennis et al. considered that there was no significant difference between
the synchronous online group and the traditional PBL tutorial group
[40].

One important way to constantly improve active learning online is to
set up an effective online assessment system in a real-world context,
which is one of the difficult aspects of implementing online learning well
[11,41]. Surprisingly, there is quite a high percentage (84%) of the
responding medical schools that have implemented online assessments
during the pandemic, in which some timely feedback might be included.
Similar to the aforementioned findings regarding “the biggest diffi-
culties encountered during implementing HE online teaching”, 55% of
the respondents said it was “hard to grasp students’ progress and
learning outcomes”. Therefore, it is understandable that the number of
online assessments increased during the pandemic since the teachers
desired to learn about the students’ perceptions about online teaching
from time to time.

Online learning has been somehow controversial topic among
teaching academics in higher education under normal conditions [31,
42], although there is no doubt that it is a growing trend. In the context
of the pandemic outbreak and school closures, both teaching academics
and students had little choice but to embrace this format. The first step of
online education during the pandemic was how to shift to online
teaching successfully for most educators. And the evaluation about
whether the switch was gained on less tangible effects could be lagged.
Learning outcome is a crucial indicator for judging the success or failure
of online teaching. This survey showed that approximately 50% of the
responding teachers estimated that their online sessions during the
pandemic helped students achieve less than 80% of the intended
learning outcomes. The reason for this outcome is probably related to
the limitation of hardware, because 51% of the respondents mentioned
that “the biggest difficulties encountered during implementing HE on-
line teaching” was “unstable online teaching environments, platforms
and tools”. Some medical schools introduced corresponding measures
for implementing online teaching at the very beginning of the online
teaching period (e.g., providing assistance for effectively delivering
online instruction designs, engineering adequate support to students
provided by teaching academics, establishing a contingency plan for
unexpected incidents of online education platforms, etc.) [43]. How-
ever, this approach might not be good enough for coping with the sit-
uation in which millions of students nationwide are using online courses
simultaneously.

Unexpectedly, 64% of the responding schools were either satisfied or
very satisfied with the learning outcomes of online teaching during the
pandemic. It was found that only 64 (82%) of the surveyed schools
redesigned or adjusted the teaching content after shifting from “face-to-
face” to fully online teaching. This ratio was fairly higher than that of
gross anatomy, 51 (68%) of the responding schools, although the two
disciplines reported the similar data on medical schools using synchro-
nous live broadcasting (for gross anatomy, 35 surveyed schools; for HE,
31 surveyed schools; the data of gross anatomy comes from our another
parallel survey). It can partly interpret the higher satisfaction with
learning outcomes of HE when compared with the one in gross anatomy,
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except for the advantage of relatively perfect digital-resources of HE
than gross anatomy. Synchronous live broadcasting ranked the most
popular of online teaching, which implies that most of the online
teaching might simply follow the “face-to-face” teaching strategies. This
phenomena can be understood as strategies coping with emergency, but
the teaching strategies and methods should be changed when switched
to online teaching. We must re-consider and focus on post-pandemic
online teaching from now on. Moreover, both the evaluation of teach-
ing effectiveness and the satisfaction with learning outcomes in this
survey were from internal evaluation since they were assessed by
teaching academics themselves, so that the extrinsic evaluation indis-
putably is required.

This survey was carried out to principally grasp HE online teaching
in China in response to the pandemic. These changes are conducive to
collect useful experience regarding moving medical education from
traditional face-to-face format to inevitable online learning format in
response to the pandemic [35]. Teaching academics could compare the
merits and demerits between online teaching and traditional
face-to-face lectures in a classroom. These data could be of great
importance in guiding HE online teaching even after the pandemic,
including updating or improving teaching outcomes, working as the
index of infrastructure construction, communicating with other teach-
ing staff or teaching administrators among higher education educators,
and helping other countries understand how the medical schools in
China adapted their HE course in response to the Covid-19 outbreak.
Much room is left for us to further consider about the development of
online education in the future.

4.3. Limitations of this study

There are strengths but also several limitations of our study. The first
limitation is whether there are any changes in HE teaching hours or the
ratio between theoretical and practical sessions during the pandemics
that were not covered in this questionnaire. Secondly, the conclusions
from the survey might not be completely suitable for specific situations
in some medical colleges since uneven economic development in China
has certainly influenced the establishment of higher education in each
province. For example, there are relatively better infrastructures for
online learning in the medical schools located in coastal provinces
compared with those in inland provinces, which probably indirectly
affect students’ online learning outcomes to some extent. Thirdly, this
report might exhibit some temporal or periodical characteristics in
teaching online since the switch was really completed in such an abrupt
and passive manner, furthermore because the survey was performed at
the early to middle stage of the pandemic. Thus, the snapshot of the
respondents might not well reflect the longitudinal educational scene.

5. Conclusion

Whether the country was ready or not, the unexpected Covid-19
pandemic pushed HE education to online courses including theoretical
and practical sessions at medical schools in China, as in many other parts
of the world. This survey was designed to understand the overall situ-
ation of the stopgap of virtual HE education nationwide over the first
two months of online teaching. Mingling fears and hope are shown in the
results of the nationwide survey on online HE education. A positive
finding is that the majority of the medical schools in China had already
gained a good infrastructure for online teaching and thus fostered a
surge of teaching academics with experience in implementing online
courses. As a consequence, when the pandemic emerged, these HE ac-
ademics could deal with the unforeseen alterations to the existing
teaching model rather than being caught off guard. A negative finding is
that there are still many teaching academics who lack online teaching
experience. Thus, there was an increased workload due to suddenly
moving traditional didactic lectures to online courses, as well as the
presence of insufficient infrastructures prior to the pandemic; therefore,
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some medical schools suspended their practical sessions during the
pandemic temporally. Hopefully, both teaching academics and students,
as well as administrators of higher education, can learn lessons from the
global disease outbreak so that our higher education can ultimately
make considerable progress when the outbreak is over.
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