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Background: Massive open online courses (MOOCs) is a new teaching technology based 
on a network platform, which can provide more students with the possibility of systematic 
and repeated learning. Due to the complexity of transesophageal echocardiography (TEE), 
the wide range of knowledge involved, and many knowledge points being difficult to 
understand, it is difficult to meet the teaching needs of this content with the traditional 
teaching mode. This study aimed to discuss the application of lecture based learning (LBL) 
and problem based learning (PBL) in the training of perioperative TEE in the context of 
MOOCs.
Methods: Sixty residents were randomly divided into two groups to participate in a 5-day 
perioperative TEE training program. The web-based PBL mode was used in the observation 
group and the LBL mode was used in the control group, with 30 residents in each group. The 
teaching effect of the web-based PBL mode was compared with the LBL mode by basic 
theory test, practice examination, image interpretation and questionnaire.
Results: The image interpretation score and the total test score were higher in the observa-
tion group than in the control group with statistically significant differences (P<0.001). The 
results of the questionnaire show that the residents were more satisfied with the web-based 
PBL mode than the LBL mode (P<0.001).
Conclusion: The web-based PBL method has obvious advantages over the LBL mode in the 
training of perioperative TEE.
Keywords: residents training, TEE, MOOC, PBL, LBL

Introduction
With the development of perioperative medical science, ultrasound technology has 
become a desirable skill for anesthesiologists to implement anesthesia operation and 
real-time diagnosis to achieve precise medical treatment. TEE technology has been 
widely used in cardiovascular surgery in recent years. It can not only be used for 
preoperative diagnosis, but also can evaluate the related indexes of the valve and 
dynamic monitoring of the cardiac function during the perioperative period. It is a vital 
perioperative technique of cardiovascular surgery.1 In the United States and Europe, 
perioperative TEE was vigorously promoted, and it has gradually been included in the 
standardized training of residents.2,3 However, the training of residents for periopera-
tive TEE is still weak in China. There are several continuing medical education 
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programs held by some qualified medical institutions that 
address the educational needs of perioperative applications 
of TEE every year. Participation requires significant com-
mitment of resources (e.g., time and money) from the parti-
cipating residents. In addition to being specialty focused, 
these programs often do not evaluate the teaching effect after 
training. Meanwhile, due to the complexity of TEE, the wide 
range of knowledge involved, and many knowledge points 
being difficult to understand, it is difficult to meet the 
teaching needs of this content with the traditional teaching 
mode. The current theoretical teaching, simulation teaching, 
and short-term training still make it difficult for learners to 
fully master this skill.4 Also, there are no available mechan-
isms for recognition or demonstration of proficiency or 
expertise. Therefore, the current education model for train-
ing in perioperative TEE does not address comprehensively 
the requirement of broad knowledge and skill sets required 
for proficiency of the practicing anesthesiologists.

Massive open online courses (MOOCs) is a new 
teaching technology based on a network platform, 
which challenges the traditional education model. 
MOOCs can reach a large number of learners, which 
has a positive and long-term impact on open education. 
The MOOC network platform can create online learning 
opportunities for students, and provide more students 
with the possibility of systematic and repeated 
learning.5 The emergence of problem-based learning 
methods challenges the traditional education model. On 
the basis of the MOOC platform, combined PBL (pro-
blem based learning) with traditional LBL (lecture based 
learning) is a brand new teaching concept, which is 
quite different from the traditional teaching methods. It 
guides students to learn knowledge and skills based on 
problems, so that the learners can better understand and 
master knowledge points.

Methods
The study on TEE education was conducted in 
November 2019. It received institutional review board 
approval for exempt status by the Committee on Clinical 
Investigations at The Second Xiangya Hospital. 
Postgraduate year-2/3 anesthesia residents at our institution 
were invited to participate in the course. These residents 
were licensed, and had at least 1 year of experience in 
cardiovascular anesthesia. Sixty residents were invited to 
participate in a multimodal perioperative TEE course. 
Before the training, these residents had taken a theoretical 
examination to determine their baseline levels. Then the 
residents were randomly divided into two groups: the PBL 
mode was used in the observation group and the LBL mode 
was used in the control group, with 30 residents in each 
group. The training course lasted for 5 days, and was divided 
into primary training and advanced training (Figure 1). The 
primary training included basic theoretical knowledge 
courses (14 classes, 30–60 minutes per class) and simulated 
human teaching (4 classes, 1 hour per class). Advanced 
training included clinical application courses of periopera-
tive TEE (23 classes, 30–60 minutes each) and a clinical 
observation course (4 hours). In this course, residents were 
introduced to the general principles of TEE, equipment 
operation, and workflow understanding; comparison of nor-
mal anatomy and physiology to pathological findings and the 
differential diagnoses of such findings also were introduced.

LBL was a traditional teaching mode group, that is, after 
residents entered the perioperative TEE training class, they 
would be taught in the traditional mode (including all the 
contents of primary and advanced training contents). PBL 
was a problem-based teaching mode group, that is, after 
residents entered the perioperative TEE training class, in 
addition to the contents of the LBL mode, they were also 
provided with the network learning platform and the syn-
chronization of the teaching courses. PBL mode was used to 

Figure 1 Residents’ perioperative TEE training course. The course was the introduction of TEE for perioperative use via an instructional and evaluative program of didactic 
and hands-on components. In this course, the residents were introduced to the general principles of TEE, equipment operation, and workflow understanding; comparison of 
normal anatomy and physiology to pathological findings and the differential diagnoses of such findings also were introduced. 
Abbreviation: TEE, transesophageal echocardiography.
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conduct on-site teaching, which provided timely answers 
and guidance for the problems encountered by residents in 
the learning process. Meanwhile, teachers with rich clinical 
and teaching experience were arranged to organize discus-
sions, and residents were timely notified and organized to 
participate in the discussions.

Online Component
The content of the lectures were synchronized and avail-
able online at <https://webcast.vyuan8.cn/vyuan/plugin. 
php?id=vyuan_zhibo&mod=viewpc&identify=5722150>. 
The course registration was free and open to anyone. After 
the completion of the learning content, the residents were 
assessed. The course arrangement and examination pro-
cess are shown in Figure 1.

Observation Index of Teaching Effect
The results were based on a percentage system and were 
divided into three parts: (1) Basic theory test: the residents 
were given 16 multiple choice questions and one Q  
& A question (accounting for 30% of the total score); (2) 
Practice examination: residents were evaluated by use of 
simulators in the simulation teaching center to obtain the 
standard imaging views of the TEE and analyze cases of 
coronary heart disease or valvular disease (accounting for 
30% of the total score); (3) Image interpretation: given 16 
TEE images, residents were required to make the correct 
choice of normal cardiac structure or pathological features 
in the images (accounting for 40% of the total score). The 
basic requirements for the TEE training are shown in 
Table 1.

Focused on the investigation of learning enthusiasm, 
satisfaction with teaching methods, interest in the perio-
perative TEE learning and choice of ways to acquire 

knowledge, the teaching effect was evaluated through 
a teaching and learning feedback questionnaire survey or 
wechat app communication group.

Statistical Analysis
SPSS 19.0 statistical software (SPSS Inc., Chicago, 
Illinois, USA) was used for all data. Measurement data 
were expressed as mean ± standard deviation, and group 
t-test was used for the inter-group comparison. P<0.05 was 
considered a statistically significant difference.

Results
Comparison of Academic Performance
All the 60 residents completed the training. The results of 
the two groups showed that there was no significant dif-
ference in the scores of basic theory and practice exam-
ination between the two groups, but the scores of the 
image interpretation and the total score of the observation 
group were higher than that of the control group, and the 
difference was statistically significant (P<0.05) (Table 2).

Survey on the Satisfaction of Residents 
with Teaching
Comparing the learning satisfaction of residents in the two 
groups with the teaching, we found that the overall satis-
faction of the observation group was higher than that of 
the control group (Table 3).

Discussion
Ultrasound is non-radiative, and the ultrasound machine is 
flexible in operation, so ultrasound technology is 

Table 1 Basic Requirements for the TEE Training

Training Program 
Requirements

Basic Standard

Professional course At least 30 class hours

Guided operation and 
interpretation

At least 10 cases of simulator

Guided image 

interpretation

At least 10 cases of simulator

Perioperative 

examination

At least 3 cases (including at least one 

patient with coronary heart disease and 

one patient with valvular disease 
respectively, and complete the examination 

report)

Table 2 Comparison of Academic Performance Between the 
Two Groups (Score, x±s)

Examination Observation 
Group 
(n=30)

Control 
Group 
(n=30)

t value P value

Pretest 62.87±3.03 63.97±3.34 1.338 0.186

Basic theory 81.63±1.81 82.37±1.76 1.640 0.106

Practice 

examination

84.73±2.03 85.13±1.01 0.965 0.345

Image 

interpretation

89.67±4.90 83.33±4.61 5.155 0.000*

Total score 85.78±2.38 83.58±1.82 4.013 0.000*

Notes: Group t-test, df = 58, a = 5%, two-tailed test. P-values are rounded to 3 
decimal places. * denotes P < 0.05.
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convenient to use in the perioperative period. With the 
demands of medical development and the ongoing renewal 
of the technology, ultrasound has gradually penetrated and 
applied in multidisciplinary fields including emergency 
medicine, intensive care, and anesthesia.3 Ultrasound 
plays an important role in perioperative medicine. It is 
one of the key technologies for accurate evaluation and 
decision-making of anesthesiologists.6 The application of 
ultrasound technology to implement anesthesia operation 
and real-time diagnosis so as to achieve accurate medical 
treatment has become a desirable skill for 
anesthesiologists.1,7 In the United States and Europe, peri-
operative TEE was vigorously promoted, and its develop-
ment has become increasingly mature. About 10 years ago, 
ultrasound training was incorporated into 
postgraduate training for residents of emergency and cri-
tical care medicine in the United States and Canada.8,9 In 
the following years, several guidelines and expert recom-
mendations in the United States strongly advocated the 
inclusion of TEE in the standardized resident training.2,3 

In Europe, the training courses and qualifications of peri-
operative TEE are mainly organized by the European 
Association of Cardiothoracic Anesthesiologists and the 
European Association of Cardiovascular Imaging, and the 
training process is relatively strict.3 Perioperative TEE has 
been vigorously developed and become increasingly 
sophisticated over the years, but it is still the weakest 
link in China. In recent years, Chinese experts suggest 
that it is imperative for anesthesiologists to receive stan-
dardized perioperative TEE training.10

Ultrasonic examination is largely affected by the sub-
jective judgment of the operator, and it can only be used to 
advantage by a skilled operator. In order to be fully com-
petent in TEE and provide reliable evidence for clinical 
diagnosis and treatment, in addition to mastering the pro-
fessional theoretical knowledge of TEE, it is necessary to 

establish systematic and standardized training through sys-
tematic theoretical learning, simulation training, and clin-
ical practice to improve the quality and effectiveness of the 
learning. Ensuring that trainees achieve the necessary clin-
ical mindset and judgment ability is a prerequisite to 
improve the quality of anesthesia management and guar-
antee the safety of the patients.10 Chinese scholars are also 
strongly promoting TEE training, but at present, it is 
mainly carried out in the form of simulation teaching and 
training classes, and it is not combined with the MOOC 
teaching mode through the network platform.

To strengthen the management of the training, we 
should not only improve our understanding from the per-
spective of ideology, but also innovate in terms of methods 
and means. Using advanced computer network technology 
and relying on the existing network environment, the 
teaching management network system is established to 
monitor the whole process in real time. It is an advanced 
means to ensure the quality of the training. The education 
mode under the environment of MOOC has become the 
inevitable trend of education reform and development.11 

Network teaching provides a highly interactive virtual 
platform that breaks through the time and space limitations 
for TEE teaching.12 On this basis, the PBL method has 
changed the general mode of knowledge acquisition in 
medical education, stimulated the students’ learning moti-
vation with clinical problems, and guides the students to 
grasp the key points of learning.13 PBL mode is 
a problem-based, student-centered group discussion teach-
ing mode.14 At present, PBL medical education has begun 
to take root and grow in many medical colleges in China. 
TEE is a comprehensive and practical subject, which is 
very suited to the PBL mode to help the learners better 
understand and master the knowledge points.

The results of this study showed that the observation 
group (PBL mode) had higher image interpretation and 
total score than the control group (LBL mode). The tradi-
tional LBL mode is mainly based on teachers’ lectures. In 
LBL mode, the teaching content is easy to be programmed 
and the participation of the learners is often lower, which 
restricts the development of the learners’ thinking. As 
a result, students often lack the comprehensive ability to 
analyze complex symptoms and signs. It is easy for the 
students to form directional thinking in clinical practice, 
so that misdiagnosis or missed diagnosis may occur in 
practical work.15 Many changes have taken place in med-
ical education under the MOOC environment. The intro-
duction of PBL into teaching is quite different from the 

Table 3 Survey of the Residents’ Satisfaction with the Teaching 
(Score, x±s)

n Teaching Mode Teaching Effect

Observation group 30 8.71±0.29 8.69±0.25

Control group 30 7.48±0.36 7.53±0.25

t value 14.444 17.997

P value 0.000* 0.000*

Notes: Group t-test, df = 58, a = 5%, two-tailed test. P-values are rounded to 3 
decimal places. * denotes P < 0.05.
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traditional LBL mode. The comparison between PBL 
mode and LBL mode is like a comparison between active 
learning and passive learning. Therefore, it is reasonable 
for the learners in the PBL mode to understand and master 
knowledge better than in the LBL mode.16

Conclusion
The purpose of the perioperative TEE training is to enable 
anesthesiologists to master bedside ultrasound technology, 
solve practical problems, improve diagnostic efficiency, 
and optimize perioperative safety management. The train-
ing course was conducted four times between 
November 2016 and November 2019. In the operation of 
these fourtraining courses, we have organized many dis-
cussions on problems. The enthusiasm of the trainees for 
the training has been greatly mobilized. The application of 
web-based PBL in perioperative TEE training for the 
residents showed that the web-based PBL mode was 
more conducive to improving the quality of perioperative 
TEE training for the residents and more in line with the 
requirements of medical education under the current 
MOOC environment when compared with the traditional 
LBL mode. This mode of teaching was well received and 
praised by the residents. Of course, this teaching mode 
cannot replace the traditional LBL and clinical learning. 
The purpose of the learning platform is to assist teaching 
and to serve as a useful supplement to lecture-based teach-
ing and clinical learning.
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