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1 INTRODUCTION

Clinical anesthesiology is a highly practical discipline [1, 2]. 
Core operations such as epidural puncture and endotracheal 
intubation must be adapted dynamically in real clinical sce-
narios based on individual patient conditions [3, 4]. Traditional 
practical teaching mostly follows a “theoretical explanation + 
model demonstration” model, which presents two prominent 

problems: first, the demonstration is constrained by the physi-
cal space and viewing perspective, preventing most students 
from clearly observing key details such as puncture positioning 
and drug administration timing; second, most teaching cases 
are derived from textbooks and are disconnected from real 
clinical anesthesia workflows and complication management, 
thus limiting the development of students’ clinical thinking [5, 
6]. Although case-based learning (CBL) promotes active learn-
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Abstract

Objective: To explore the application and effectiveness of a teaching method combining 
a distance teaching system with case-based learning (CBL) in clinical anesthesiology 
experimental teaching. This study aims to provide a reference for reforming practical 
teaching in the anesthesiology curriculum. Methods: Sixty undergraduate students 
majoring in anesthesiology from the Class of 2021 at Wannan Medical College were 
randomly divided into two groups. The control group (30 students) received traditional 
classroom teaching combined with a procedural demonstration. The observation group 
(30 students) was taught using the distance teaching system integrated with the CBL 
method. Epidural anesthesia was used as the teaching topic. After the course, the teaching 
effect was evaluated through a theoretical examination, a clinical skills assessment, 
and a satisfaction questionnaire. Results: The observation group scored significantly 
higher than the control group in both the theoretical knowledge examination (93.93±2.99 
vs. 87.80±5.52) and the clinical skills assessment (90.43±8.88 vs. 82.73±6.65) (both 
P<0.05). Furthermore, the student satisfaction rate in the observation group (96.67%) 
was significantly higher than that in the control group (83.33%) (P<0.05). Conclusion: 
The combination of a distance teaching system and the CBL teaching method effectively 
addresses the common disconnect between clinical practice and experimental learning, 
as well as the limited operative view in traditional teaching. By integrating live broadcasts 
of real clinical scenarios with case-driven learning, this approach significantly enhances 
students’ theoretical application ability, clinical operation skills, and learning satisfaction. 
This model offers a promising and scalable innovation for clinical anesthesiology 
experimental teaching.

Keywords: Case-based learning, Distance teaching system, Clinical anesthesiology, Ex-
perimental teaching
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ing through case discussion and has been widely adopted across 
medical disciplines, most domestic studies still rely on text- 
and image-based cases [7, 8]. Although distance teaching sys-
tems can stream clinical procedures via high-definition live 
broadcast, when used alone they lack targeted case guidance 
and in-depth interaction, often resulting in passive viewing and 
limited learning outcomes [9, 10].

CBL is an educational model derived from integrating prob-
lem-based learning principles with clinical practice [11]. It 
guides students to carry out learning activities such as problem 
analysis, decision-making and solution formulation through 
real or fictional cases. This teaching method emphasizes stu-
dents’ active participation and independent learning, and cul-
tivates their problem-solving ability and thinking ability. 
However, in most current domestic studies on CBL education, 
the problems or cases in the teaching design are generally 
derived from textbook knowledge, and the cases used are usu-
ally sorted out by teachers and presented in words and pictures, 
which are different from the actual clinical anesthesia treat-
ment process [12]. The distance surgical teaching system can 
transmit various clinical operations to the classrooms where 
students are located through high-definition cameras, enabling 
students to watch various operations and technical details of 
clinical anesthesiologists during the perioperative period in 
real time [13]. At the same time, students can also conduct real-
time interaction with clinical anesthesiologists through the sys-
tem, ask questions and get answers, so as to further promote 
communication and learning.

In recent years, foreign studies have attempted to combine dis-
tance technology with case teaching. Gupta et al. improved the 
skill retention rate of anesthesiology students through the 
“practical operation + case” mode, but there are still few sys-
tematic combined teaching studies targeting clinical anesthesi-
ology experimental courses [14]. Therefore, this study inte-
grates the live-scene transmission capability of the distance 
teaching system with the case-driven approach of CBL. Using 
epidural anesthesia as the instructional content, it investigates 
the effects of this combined model on students’ theoretical 
knowledge, clinical skills, and teaching satisfaction. The find-
ings aim to provide an empirical foundation and practical strat-
egies for reforming clinical anesthesiology education.

2 OBJECTS AND METHODS

2.1 Research participants

Sixty undergraduate students majoring in anesthesiology (en- 
rolled in 2021) at Wannan Medical College were recruited as 
participants. Using a random number table, they were equally 
divided into two groups: a control group (n=30) receiving tradi-
tional teaching, and an observation group (n=30) receiving 
instruction through the distance teaching system combined 
with CBL. The course content focused on the clinical anesthe-

siology experiment of epidural anesthesia. All instructors were 
physicians with intermediate or senior professional titles and 
had over five years of clinical teaching experience.

2.2 Teaching design and implementation

2.2.1 Control group

The traditional teaching method, namely classroom teaching + 
operation demonstration, was adopted. According to the con-
tent of the clinical anesthesiology experimental teaching sylla-
bus, teachers explained the basic knowledge of epidural anes-
thesia, the operation steps of epidural puncture and related 
clinical anesthesia management knowledge in accordance with 
the experimental textbook. After watching the teacher’s opera-
tion demonstration, students completed the epidural puncture 
operation and filled in the experimental report.

2.2.2 Observation group

The distance teaching system combined with CBL teaching 
method was adopted.

(1) Case selection: Elective lower abdominal surgery patients in 
our hospital (American Society of Anesthesiologists grade Ⅰ-Ⅱ, 
aged 45-60 years) without epidural anesthesia contraindica-
tions were selected. The cases included teaching key points 
such as puncture space selection, anesthesia plane adjustment 
and hypotension prevention. Preoperative visits were complet-
ed and informed consent was obtained.

(2) Distance teaching system equipment: The operating room 
was equipped with 4K high-definition cameras (focusing on 
puncture sites and operation techniques) and wireless sound 
transmission equipment; the teaching room adopted high-defi-
nition projection (split-screen display of surgical operation pic-
tures and case information) with a network bandwidth of ≥10 
Mbps to ensure no delay in live broadcast.

(3) CBL problem design: Core questions were preset around 
the teaching syllabus: ① What is the optimal space for epidural 
puncture in this patient and its anatomical basis? ② What are 
the treatment principles when cerebrospinal fluid reflux occurs 
during puncture? ③ What are the causes and coping measures 
for hypotension when the anesthesia plane reaches T6? ④ What 
are the differences in clinical application between epidural 
anesthesia and spinal anesthesia?

(4) Teaching implementation: Before class, students in the 
teaching room were divided into 5 groups (6 students in each 
group), and each group was assigned a student with solid pro-
fessional basic knowledge, active thinking and strong commu-
nication ability to play a leading role. According to the CBL 
teaching method, teachers live broadcasted the perioperative 
anesthesia management and corresponding operations of the 
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selected cases according to the course arrangement, guided 
students and put forward case-related questions, and students 
analyzed the current cases through group discussion. At the 
same time, students in the teaching room carried out simulation 
training synchronously, following the operations of the teach-
ers in the operating room, and the instructors in the teaching 
room assisted in solving the problems encountered by students 
and answering questions.

2.3 Evaluation of teaching effectiveness

After the experimental course, the teaching effects of the two 
teaching methods in this study were evaluated by an epidural-
related theoretical knowledge examination, a clinical operation 
skill assessment, and a teaching satisfaction questionnaire [15]. 
Both the theoretical knowledge examination and clinical skill 
assessment scores were based on 100 points. The content of the 
clinical operation skill assessment was epidural puncture, and 
the clinical operation ability of medical students was scored by 
the instructors in the teaching room. The teaching method 
satisfaction questionnaire was filled out anonymously by all 
students.

2.3.1 Theoretical knowledge examination

The duration was 90 minutes. The question types and scores 
were as follows: multiple-choice questions (30 questions, 1 
point each), short-answer questions (4 questions, 10 points 
each), and case analysis questions (1 question, 30 points). The 
assessment content covered the anatomical basis, operation 
process, drug selection, complication management of epidural 
anesthesia, etc.

2.3.2 Clinical skill assessment

Taking epidural puncture as the core, the scoring criteria are 
shown in Table 1. Two senior physicians scored independently 
and blindly, and the average value was taken as the final 
score. To ensure the validity of the assessment tool, the scoring 
criteria (Table 1) were formulated based on the “Clinical anes-
thesiology experimental teaching guidelines” issued by the 
Chinese Medical Association, combined with the core opera-
tional requirements of epidural anesthesia in clinical practice. 

The criteria were reviewed and revised by 3 senior anesthesi-
ologists with more than 10 years of clinical and teaching expe-
rience to confirm their relevance and comprehensiveness to the 
teaching objectives. For inter-rater reliability, the two senior 
physicians responsible for scoring received unified training 
before the assessment: they jointly reviewed 5 sets of standard 
operation videos of epidural puncture, calibrated the scoring 
standards item by item, and resolved differences in judgment 
through group discussion. The intraclass correlation coeffi-
cient of the two assessors was calculated as 0.92 (95% con- 
fidence interval: 0.86-0.96), indicating excellent inter-rater 
consistency.

2.3.3 Teaching satisfaction questionnaire

This questionnaire was self-designed based on the research 
objectives and relevant literature, aiming to comprehensively 
evaluate students’ recognition of the teaching method [16]. The 
content framework was constructed around 4 core dimensions 
closely related to experimental teaching effectiveness: practi-
cality of teaching content, interactivity of teaching process, 
help in skill improvement, and stimulation of learning interest, 
with 2 items under each dimension (8 items in total). To ensure 
content validity, the initial questionnaire was reviewed by 3 
senior professors in the field of medical education and 2 clinical 
anesthesiologists with more than 10 years of teaching experi-
ence. Their suggestions on the clarity, rationality and relevance 
of the items were adopted to revise ambiguous expressions and 
adjust the logical order of questions. The content validity index 
of the final questionnaire was 0.93, indicating good content 
validity. Before formal application, a pre-survey was conduct-
ed among 20 anesthesiology undergraduate students from the 
Class of 2020 (not included in the formal research objects) to 
test the reliability of the questionnaire. The Cronbach’s α coef-
ficient of the total questionnaire was 0.87, and the Cronbach’s 
α coefficients of the four dimensions were 0.82 (practicality), 
0.85 (interactivity), 0.83 (skill improvement) and 0.81 (learning 
interest), respectively, all >0.7, confirming that the question-
naire had good internal consistency. The questionnaire adopt-
ed a 5-point Likert scale (1 = very dissatisfied, 2 = dissatisfied, 
3 = neutral, 4 = satisfied, 5 = very satisfied). A total score of ≥4 
points was defined as “satisfied” to calculate the overall satis-

Table 1. Scoring criteria for epidural puncture skill assessment
Assessment items Score Scoring criteria
Preoperative preparation 10 points Patient assessment (3 points), equipment preparation (4 points), sterile concept (3 points)
Puncture position placement 15 points Correct position (10 points), stable fixation (5 points)
Puncture operation 35 points Puncture site positioning (10 points), skin disinfection and draping (8 points), puncture 

technique (10 points), judgment of ligamentum flavum penetration (7 points)
Anesthetic drug administration 15 points Drug selection (5 points), dosage calculation (5 points), administration speed (5 points)
Emergency treatment of complications 15 points Identification of complications (5 points), treatment measures (10 points)
Postoperative record 10 points Complete record (5 points), standardized writing (5 points)
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faction rate. All students filled in the questionnaire anony-
mously after the course to ensure the authenticity of the data.

2.4 Statistical methods

SPSS 26.0 software was used for statistical analysis of data. 
Measurement data were expressed as mean ± standard devia-
tion, and t-test was used for intergroup comparison. Count data 
were expressed as n (%), and χ² test was used for intergroup 
comparison. P<0.05 was considered statistically significant.

3 RESULTS

3.1 Comparison of general data between the two groups

In the observation group, there were 30 students, including 13 
males and 17 females, aged 19-23 years, with an average age of 
(20.03±0.62) years. In the control group, there were 30 students, 
including 16 males and 14 females; aged 19-23 years, with an 
average age of (20.10±0.61) years. There were no statistically 
significant differences in age, gender, professional course 
scores and other aspects between the two groups of students 
(all P>0.05), and the data were comparable (see Table 2).

3.2 Theoretical knowledge examination scores and clinical 
operation skill assessment scores

The assessment results showed that the theoretical examina-
tion scores and clinical operation skill assessment scores of 
the students in the distance teaching system combined with 
CBL teaching method group were significantly higher than 
those in the traditional teaching method group (93.93±2.99 vs. 
87.80±5.52; 90.43±8.88 vs. 82.73±6.65) (both P<0.05) (see 
Table 3).

3.3 Results of student satisfaction survey

The questionnaire results showed that the average scores of 
the observation group in the four dimensions of practicality of 
teaching content, interactivity, help in skill improvement and 
stimulation of learning interest were significantly higher than 
those of the control group (all P<0.05) (see Table 4). The over-
all satisfaction rate of the observation group was 96.67% 
(29/30), and that of the control group was 83.33% (25/30), with 
a statistically significant difference (χ²=9.387, P=0.009).

4 DISCUSSION

As a discipline emphasizing the combination of theory and 
practice, clinical anesthesiology covers a variety of complex 
clinical operations such as endotracheal intubation, nerve block 
and central venous catheterization in its teaching content [17, 
18]. In the teaching of anesthesiology, simulation training is 
widely used to improve students’ clinical skills [19]. Simulation 
training provides a safe environment for students to practice 
and master complex operational skills without endangering 
patient safety [19]. Studies have shown that simulation training 
can significantly improve the skill level of anesthesiologists 
and help improve the quality of patient care [20]. In summary, 
the teaching of clinical anesthesiology not only requires solid 
theoretical knowledge but also needs to improve students’ prac-
tical operation ability through various methods such as simula-
tion training and anatomy courses. This comprehensive teach-
ing method helps to cultivate more qualified anesthesiology 
professionals.

The CBL teaching method is an instructional approach that is 
problem-based and involves students discussing and learning 
around actual clinical cases [11]. In CBL teaching, students 
will discuss in groups, and the instructor will guide and pro-
mote communication and cooperation among students [12]. By 
discussing and analyzing actual cases, students can gradually 
improve their ability to independently solve clinical problems. 
However, a limitation of relying solely on the CBL teaching 
method is that students may focus excessively on the cases 
themselves, leading to inconsistencies between the teaching 
content and actual clinical operations. This can result in a dis-
connect between laboratory teaching and clinical practice.

The application of the distance teaching system not only 
improves communication between teachers and students but 
also deepens students’ understanding of abstract concepts and 
theories in textbooks, which is essential for medical students 
when they enter the clinical learning stage in the future. This 
study combines the distance teaching system with the CBL 
teaching model. Through videos, students can observe real 
patients and anesthesia scenarios, and the anesthesiologist’s 
perspective shows every step of the anesthesia process com-
pletely and clearly to students, enabling them to fully under-

Table 2. Comparison of general information between the two 
groups of students

Group Age 
(years)

Gender Clinical  
anesthesiology 
scoreMale Female

Control group 20.10±0.61 16 14 89.67±4.92
Observation group 20.03±0.62 13 17 90.03±5.12
t/χ² 0.422 0.610 0.042
P 0.777 0.438 0.839

Table 3. Comparison of examination scores between the two 
groups of students

Group Number of 
cases

Theoretical 
score Skill score

Control group 30 87.80±5.52 82.73±6.65
Observation group 30 93.93±2.99 90.43±8.88
t/χ² 5.979 6.753
P 0.018 0.012
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stand the clinical anesthesia procedures and operation points. 
This learning method creates an interactive learning commu-
nity by combining information technology with the teaching 
environment, allowing students to transform from passive 
learning to active knowledge construction, thereby improving 
learning outcomes.

The results of this study showed that the theoretical examina-
tion scores and clinical operation skill assessment scores of 
students in the distance teaching system combined with CBL 
teaching method group were significantly higher than those in 
the traditional teaching method group, with statistically signifi-
cant differences (both P<0.05). These findings indicate that the 
combination of distance teaching system and CBL teaching 
method can improve the quality of experimental teaching for 
medical students and make clinical anesthesiology experimen-
tal teaching closer to clinical internship teaching. This study is 
consistent with the research of Fang et al., in which students’ 
operation skill scores were significantly improved through the 
application of distance live broadcast in anesthesiology teach-
ing [13]. However, this study further integrated the CBL teach-
ing method, added case-driven in-depth interaction, and result-
ed in a more significant improvement in satisfaction rate 
(96.67% vs. 88.2% in their research). Wen et al. found in oncol-
ogy teaching that the CBL teaching method can improve stu-
dents’ problem-solving ability, but due to the lack of real opera-
tion scene support, the effect on skill improvement is limited 
[21]. This study supplemented the operation scene through dis-
tance teaching, achieved a closed-loop of “theory - case - oper-
ation”, and further verified the advantages of the combined 
model in teaching practical disciplines.

The results of this study showed that through the combination 
of distance teaching system and CBL teaching method, stu-
dents’ satisfaction was significantly higher than that of the tra-
ditional teaching method group. The flexibility and conve-
nience of the distance teaching system allow students to learn 
according to their own pace and schedule, reducing time pres-
sure and restrictions. Studies have shown that the CBL teach-
ing model has significant value in improving the achievement 
rate, practical ability, and psychological quality of medical 
students [7]. By observing students’ actions and expressions 
during internships to evaluate their psychological quality, and 

using questionnaires to assess their performance in future 
planning, occupational health, and team spirit, the results 
showed that the CBL teaching model significantly improved 
the training compliance rate of medical students and enhanced 
their confidence in future role transitions to a certain extent.

This study has certain limitations: ① The sample size is small 
(60 students) and only from a single college, which may intro-
duce selection bias. In the future, the sample size needs to be 
expanded to multiple colleges of different levels to further ver-
ify the generalizability of the research results; ② This model 
has shown certain advantages in small-class teaching (30 stu-
dents). However, in large-class teaching, it may face difficulties 
in organizing group discussions and reduced interaction effi-
ciency; ③ The implementation of the distance teaching system 
relies heavily on a stable network and advanced technical sup-
port. When the network is unstable or technical failures occur, 
this dependence may lead to interruptions or degradation in the 
quality of clinical skill teaching; ④ The distance teaching sys-
tem is becoming increasingly popular in medical education, 
especially in the context of the global epidemic. 

5 CONCLUSION

In conclusion, the application of the distance teaching system 
combined with the CBL teaching method in clinical anesthesi-
ology experimental teaching can significantly improve the 
teaching effect and students’ satisfaction by providing high-
quality content and an interactive learning environment. This 
approach further enriches the traditional teaching system, 
effectively stimulates students’ interest in independent learn-
ing, and helps cultivate anesthesiology professionals who meet 
clinical requirements.
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