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Abstract

Objective: This study aims to assess the effectiveness of integrating problem-
based learning (PBL) and case-based learning (CBL) in clinical anesthesia ed-
ucation, specifically focusing on neuraxial anesthesia. Methods: A total of 100
interns were randomly assigned to the experimental group (n=50) or the tradi-
tional group (n=50). The experimental group received anesthesia education us-
ing a combined PBL-CBL approach, while the traditional group received con-
ventional didactic lectures. The interns' performance was evaluated through
post-class quiz scores and procedural skills scores. A satisfaction survey was
conducted to assess overall satisfaction with teaching, and self-evaluations were
used to measure interns' perceptions of the learning experience. Results: The
experimental group demonstrated significantly higher scores on post-class quiz-
zes and procedural skills compared to the traditional group (p<0.05). The over-

all satisfaction rate was also significantly higher in the experimental group
(p<0.05). Additionally, the self-evaluations revealed that the experimental
group reported significantly higher scores in five dimensions: enhancing learn-
ing motivation, fostering interest, promoting collaboration, improving critical
thinking, and enhancing clinical skills (p<0.05). Conclusion: The integration
of PBL and CBL in clinical anesthesia education, specifically in the context of
neuraxial anesthesia, proves effective in improving knowledge acquisition, pro-
cedural skills, satisfaction levels, and self-perceptions of learning among in-
terns. This approach holds promise for enhancing the quality of clinical anes-
thesia education and preparing future anesthesiologists for clinical practice.

Keywords

Department of Anesthesiology, Clinical education, Case-based learning, Prob-
lem-based learning, Teaching satisfaction, Self-evaluation

Anesthesiology, as a medical specialty, focuses on anesthesia, pain management, and resuscitation, playing a critical
role in modern medicine by providing comprehensive care for surgical patients. Recognized as a leading specialty,
anesthesiology is committed to ensuring patient safety and addressing diverse healthcare concerns. Over time, an-
esthesiology has evolved from a procedure-based specialty, such as intubation and epidural catheter placement, to
one grounded in scientific knowledge. Ongoing advancements in the field are driving improvements in clinical
practice and enhancing patient outcomes [1-3]. A key focus in practice-based teaching is to enhance the knowledge
acquisition and skill development of anesthesiology interns, ensuring their successful transition into competent
practitioners upon entering the workforce. Two educational approaches that have gained popularity in clinical edu-
cation are problem-based learning (PBL) and case-based learning (CBL). PBL emphasizes active learning and
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critical thinking skills, where students collaboratively analyze and solve real-world, open-ended problems. Instead
of direct instruction, they work in small groups to identify knowledge gaps, set learning objectives, and inde-
pendently seek information and resources to address the problem at hand [4]. On the other hand, CBL utilizes real
or hypothetical cases resembling authentic situations encountered in the field of study to facilitate learning and
problem-solving. Students examine the details of the case, integrate knowledge from various sources, and work
collaboratively to propose informed solutions [5, 6].

In recent years, we have introduced PBL and CBL methods in anesthesiology practice teaching, recognizing their
effectiveness in clinical education. This study aims to investigate the practical benefits of integrating PBL with CBL
methods in clinical anesthesia education, drawing insights from the teaching practices implemented at our institution.

1. Data and methods
1.1 Participants

This study was conducted at the Department of Anesthesiology of the First Affiliated Hospital of Nanjing Medical
University between July 2021 and July 2023. The participants were randomly assigned to either the "Experimental
group" which received a PBL-CBL combined teaching program, or the "Traditional group", which received a lec-
ture-based teaching program. We chose neuraxial anesthesia as the topic for applying the combined PBL-CBL ap-
proach in this study. The students were unaware of their group assignments prior to their internships. Simple ran-
domization was employed for this study.

1.2 Teaching methods

1.2.1 Experimental group

PBL-CBL approach consisted of four clearly defined steps: (1) The instructor prepared lecture videos and supple-
mentary materials for the course one week prior to the teaching session; (2) At the beginning of the class session,
the instructor provided a brief introduction to the topic, outlined the class agenda, and posed a question based on
the course content; (3) A patient case from the hospital's medical record system was presented. The students carried
on small-group (3-5 students) discussions under the instructor’s guidance. During these discussions, the participants
were encouraged to raise relevant questions and seek answers. Then, a student representative from each group gave
a presentation to review the main points from the lesson, share their group’s answers to the questions posed, and
ask about any unsolved questions; (4) The instructor summarized and went over the tough questions that were raised
during discussion. The teachers also extended the knowledge and skills related to the cases and gradually guided
the interns to think deeply.

1.2.2 Traditional group

The students in the traditional group were taught the same content using a traditional teaching approach. This in-
volved the instructor providing a comprehensive explanation of the theoretical knowledge in accordance with the
teaching syllabus. The program for the traditional group was as follows: (1) Prior to the lecture, the students were
instructed to review the course material; (2) During the class, teaching was delivered through instructional videos
and PowerPoint slides, emphasizing the specific application.

At the end of class, all students were given a post-class quiz and procedural skills test of spinal anesthesia to
assess their performance. They also completed a teaching satisfaction survey to provide feedback on their overall
satisfaction with the teaching approach. Additionally, a teaching method acceptance evaluation was conducted to
determine their perception and acceptance of the specific teaching methods employed.

1.3 Data evaluation

1.3.1 Post-class quizzes scores and procedural skills scores
The post-class quizzes had two sections: fundamental knowledge questions (50 points) and clinical case analysis
(50 points), for a total score of 100. Additionally, in procedural skills tests, the total score was also set at 100.

1.3.2 Satisfaction with teaching

A satisfaction questionnaire was used to measure the level of satisfaction with a learning experience. Participants
are asked to express their satisfaction level using the following response options: "Very Satisfied," "Satisfied," or
"Dissatisfied."
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1.3.3 Self-evaluation

The questionnaire specifically targeted five key aspects: enhancing learning motivation, fostering interest, promot-
ing collaboration, improving critical thinking, and enhancing clinical skills. Interns used a 5-point Likert-type scale
to rate their agreement levels, with response options ranging from "Strongly Disagree (1)" to "Disagree (2)", "Nei-
ther Agree nor Disagree (3)", "Agree (4)", "Strongly Agree (5)".

1.4 Statistical methods

All statistical analyses were performed using SPSS version 23.0 (Chicago, USA). Categorical variables were shown
as frequencies and percentages, while continuous variables were shown as arithmetic means and standard deviations.
The Chi-square test was used for testing of differences between categorical variables, while t-test for independent
samples was used for testing of differences among continuous variables. Alpha was set at 0.05, and P-values of less
than 0.05 were considered significant.

2. Results
2.1 Basic characteristics

A total of 100 students were enrolled in this study. Among them, there were 44 male interns and 56 female interns.
The age range was 20 to 25 years old, with a mean age of 22.19+1.42 years. There were no significant differences
between the two groups in terms of gender, age, or grades, and educational background (P > 0.05).

2.2 Comparing post-class quizzes scores and procedural skills scores between two groups

Scores on the post-class quizzes and procedural skills in the experimental group were significantly higher than those
of the traditional group (P < 0.05), as shown in Table 1.

Table 1. Comparing post-class quizzes scores and procedural skills scores between two groups (X £ S)

Number of Post-class quizzes scores Procedural skills scores
Group . ;
cases (points) (points)
Experimental group 50 88.23+£6.52 86.41+£5.42
Traditional group 50 80.12+5.94 78.23+6.65
t 6.502 6.742
P <0.001 <0.001

2.3 Comparing levels of satisfaction with teaching between two groups

According to the survey on satisfaction with teaching, the overall satisfaction rate in the experimental group was
statistically higher than that in the traditional group (P < 0.05), as shown in Table 2.

Table 2. Comparing levels of satisfaction with teaching between two groups (case %)

Group Number of cases Very satisfied Satisfied Dissatisfied Overall satisfaction rate
Experimental group 50 30 (60.00) 19 (38.00) 1(2.00) 49 (98.00)
Traditional group 50 20 (40.00) 22 (44.00) 8 (16.00) 42 (84.00)
12 5.983
P 0.014

2.4 Comparing self-evaluations between two groups

The experimental group reported significantly higher self-evaluations across five dimensions (p < 0.05), indicating
a greater level of contentment with the learning experience compared to the traditional group, as shown in Table 3.
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Table 3. Comparing self-evaluations between two groups (X £ S)

Number of Enhancing Learning  Fostering Interest Promoting Collabo- Improving Critical Enhancing Clinical

Group cases Motivation (points) (points) ration (points) Thinking (points) Skills (points)
Experi-
mental 50 4.23+0.30 4.30+0.22 4.19+0.23 4.3340.35 4.41£0.28
Trag‘ig;%nal 50 3.40+0.56 2.94+0.71 2.38+0.69 2.48+0.61 3.0240.47
t 9.238 12.938 17.597 18.601 17.966
P <0.001 <0.001 <0.001 <0.001 <0.001
3. Discussion

The internship provides an opportunity for students to gain practical experience in administering anesthesia, moni-
toring patients during surgery, and managing anesthesia-related complications. These experiences contribute to their
knowledge base, enhance their understanding of current advancements in the field, and prepare them for future
career opportunities in anesthesiology [7, 8]. By introducing new teaching modes in anesthesiology teaching, edu-
cators can create a more engaging, practical, and effective learning environment for students. This approach not
only helps students develop the necessary knowledge and skills but also prepares them to meet the evolving demands
of the healthcare industry and deliver high-quality patient care.

This study has shown the effectiveness of integrating PBL with CBL in clinical anesthesia education. The findings
demonstrate that interns in the experimental group achieved significantly higher scores compared to those in the
traditional group. These results indicate that the integration of CBL and PBL, when compared to traditional teaching
methods, can effectively enhance practical outcomes in anesthesia education. Furthermore, the results of the teach-
ing satisfaction survey indicate that interns in the experimental group expressed a higher overall satisfaction with
the anesthesiology teaching compared to the traditional group. The combined CBL-PBL approach positively influ-
enced students' learning motivation, interest, collaboration, critical thinking, and clinical skills.

The application of PBL has been shown to facilitate a comprehensive understanding of procedures, enabling
students to acquire the necessary theoretical knowledge and practical skills [9]. The collaborative nature of case-
based problem-solving fosters the development of interprofessional skills, enhancing students' ability to work ef-
fectively in healthcare teams [10]. The integration of PBL and CBL capitalizes on the synergistic benefits of both
methodologies. This pedagogical approach revolves around a problem-centered, case-guided instructional frame-
work, wherein instructors meticulously select clinical cases derived from real-world scenarios to serve as teaching
resources [11]. The combined CBL-PBL approach bestows a myriad of advantages, encompassing practical appli-
cation, active engagement, collaborative learning, and effective communication. Additionally, this approach facili-
tates the integration of knowledge across diverse domains, nurtures the development of critical thinking skills, en-
sures the enduring retention of acquired knowledge, and enhances the inherent relevance of the educational experi-
ence to real-world contexts.

4. Conclusion

In summary, the integration of problem-based learning (PBL) and case-based learning (CBL) in clinical anesthesia
education has proven to be highly effective in enhancing interns' performance. The incorporation of the combined
PBL-CBL approach has resulted in significantly higher scores and greater overall satisfaction. This innovative ap-
proach not only facilitates the acquisition of essential knowledge and clinical skills but also nurtures students' mo-
tivation, interest, collaboration, critical thinking, and clinical abilities.
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