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Purpose: Medical postgraduates face a growing volume of knowledge, heavy research workload, and inefficient traditional teaching
methods. Cardiovascular ultrasound teaching is particularly challenging due to its high theoretical and clinical requirements. This
exploratory study evaluated the effect of a flipped classroom combined with the Feynman Learning Method in cardiovascular
ultrasound teaching for postgraduates, aiming to improve teaching quality and teachers’ pedagogical skills.

Methods: Seventy-eight third-year postgraduates majoring in ultrasound medicine under standardized residency training at Qilu
Medical College of Shandong University from September 2024 to February 2025 were divided into two groups based on training
order: a control group (n=38) receiving conventional teaching plus bedside instruction, and an experimental group (n=40) receiving
integrated teaching with pre-method training. Both groups used the same case library and followed the same teaching schedule for
a 20-week intervention. Data from theoretical and practical exams, as well as questionnaires, were statistically analyzed using SPSS
20.0 software.

Results: There were no significant differences in gender or age between the two groups at baseline (p > 0.05). The experimental group
achieved significantly higher scores in theoretical (85.3+8.17) and practical (83.4+8.58) exams, as well as higher overall exam pass
rates (all p < 0.001). Eighty-five percent of students and 87.5% of teachers accepted the integrated model and confirmed its role in
enhancing learning outcomes and teaching skills. While 70% of students reported considerable out-of-class time investment (only
37.5% were willing to continue using the model), 87.5% of teachers recognized its high value for promoting clinical teaching.
Conclusion: The student-centered integrated teaching model effectively improves postgraduates’ academic performance and
teachers’ teaching competence through the “learning-by-teaching” approach, making it a valuable pedagogical reform for cardiovas-
cular ultrasound education. It provides a solid foundation for further validation; however, its large-scale application requires full
consideration of postgraduates’ practical challenges, such as heavy research pressure and time limitations.

Keywords: cardiovascular ultrasound, flipped classroom, Feynman Learning Method, medical postgraduates, medical education
reform

Introduction

Currently, China’s medical postgraduate education faces growing challenges. Driven by big data, electronic information,
and artificial intelligence (AI), the volume of medical knowledge has expanded rapidly.' Medical postgraduates are
required to master an increasingly large body of professional knowledge across multiple disciplines. At the same time,
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they face mounting employment pressure, as employers set higher academic standards. However, both medical students
and employers have gradually reduced their emphasis on theoretical knowledge and clinical skills. In fact, postgraduates
bear excessive scientific research burdens, leaving them with insufficient time and energy to acquire theoretical knowl-
edge and practice clinical skills.”* In this context, improving the quality of medical education requires students to
recognize the importance of active learning from both internal and external perspectives.

Cardiovascular ultrasound medicine is a discipline that requires strong professional theoretical knowledge and
proficient practical skills.” Practitioners must have solid theoretical foundations and rich clinical experience to perform
their daily work competently.®” Under traditional teaching models, students cannot fully exert their subjective initiative,
leading to suboptimal teaching results.® Therefore, there is an urgent need to reform teaching methods to stimulate
students’ enthusiasm and active participation, thereby improving overall teaching effectiveness.

Two widely accepted teaching approaches merit attention: the Feynman Learning Method and the flipped classroom
model. Developed by the renowned physicist and educator Richard Feynman, the Feynman Learning Method is based on
the core principle of “learning by teaching”.”'® It consists of four steps: (1) independently learning and internalizing
knowledge; (2) hypothetically teaching the mastered content to a novice without prior exposure to the subject; (3)
reorganizing, reviewing, and simplifying key knowledge points; (4) explaining the knowledge in the simplest terms.'"'
This method has achieved positive results in the teaching of some medical disciplines.'® The flipped classroom concept
emerged at the University of Miami in the United States in 2000, and its practical application began at Woodland Park
High School in Colorado, United States, in 2007.'*1% As a student-centered model, it shifts the classroom focus from
teachers to students and restructures the learning content. Specifically, traditional lecture materials are provided to
students through videos, courseware, and other resources for self-paced learning outside class, while in-class time is used
for students to discuss and resolve questions with teachers.'>!'” Its core is to position students as the main participants in
teaching and learning. Notably, the two approaches share key commonalities: they are student-centered, emphasize
“learning by teaching”, and can maximize students’ subjective initiative.

Teaching practices in various disciplines have confirmed that the Feynman Learning Method and the flipped class-
room model have similar effects in optimizing teaching outcomes and are complementary to each other'''*'®: Both
follow a “learning-teaching-relearning” cycle and adopt an “input-output-further deepening” model, helping students
firmly master professional theories and practical skills.''-'*'®'? Existing studies have explored the application of the
integrated teaching model combining the Feynman Learning Method and the flipped classroom in specific medical
disciplines.”’ Due to the inherent dynamic and high-risk nature of cardiovascular ultrasound medicine, it has long been
a major challenge in teaching.>’ In this study, we aim to improve the teaching process of cardiovascular ultrasound
medicine by integrating the Feynman Learning Method into the flipped classroom model, and to explore the effectiveness
of this integrated approach in improving teaching quality and teachers’ instructional capabilities. This study will be
conducted as an action study among postgraduates majoring in ultrasound medicine who are also participating in
standardized residency training, in line with current Chinese medical education requirements. The main objectives of
this exploratory study are to address practical issues in clinical teaching, initially investigate the teaching effectiveness of
this model, and provide timely feedback—all of which are consistent with the actual situation of clinical education in
China.

Methods
Study Subjects

We recruited third-year professional master’s students specializing in ultrasound medicine at Qilu Medical College of
Shandong University who were also undergoing standardized residency training, from September 2024 to February 2025.
Students were assigned to Group A (control group) and Group B (experimental group) based on the order of their
enrollment in cardiovascular ultrasound teaching training. Each group corresponded to one class, with students randomly
assigned to classes according to their entrance examination scores. This grouping method balances baseline data between
groups without disrupting normal teaching order. Group A received conventional teaching, including centralized class-
room lectures and bedside teaching, while Group B was taught using the flipped classroom model integrated with the
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Feynman Learning Method. This study complied with the Declaration of Helsinki, and all participants signed informed
consent forms.

Study Design

Action Research

This study used an action research protocol rather than a randomized controlled trial (RCT) design. Action research is an
exploratory approach defined by a spiral cyclic framework, following the plan—act—observe—-reflect cycle. It allows for
iterative refinement of research protocols during implementation and real-time adjustment of intervention strategies based
on feedback from teaching practice, thereby addressing on-site challenges and closely aligning with the realities of
clinical education.?'"** As an exploratory method, action research focuses on qualitative data analysis, supplemented by
quantitative data comparison, and can lay the foundation for identifying research topics for confirmatory designs such as
RCTs.>"** During the study, questionnaires were distributed to students and instructors in the experimental group for
qualitative analysis. The primary goals of this study were to solve practical problems in clinical teaching, initially explore
the pedagogical effectiveness of this teaching model, and provide timely feedback—all of which are consistent with the

current state of clinical education in China.

Pre-Experimental Training

Prior to formal experiment initiation, senior clinical preceptors with relevant expertise provided systematic training
on the Feynman Learning Method and flipped classroom model to students in the experimental group, to ensure their
understanding and acceptance of the integrated flipped classroom model incorporating the Feynman Learning
Method.

Experimental Protocol

Step 1: The teaching content specified in the cardiovascular ultrasound syllabus was systematically refined and
summarized to establish a teaching case library, which was collectively developed by the teaching faculty and
included both theoretical and practical modules. For the practical component, students first practiced on standar-
dized patients in accordance with standard operating procedures (SOPs) under faculty guidance before delivering
teaching content during flipped classroom sessions. Following an incremental difficulty progression, corresponding
case entries were provided to experimental group students for pre-class preparation before each flipped classroom
session. The control group received traditional didactic teaching using the same case library and teaching
sequence.

Step 2: Implementation procedures for the flipped classroom teaching model integrated with the Feynman Learning
Method were established (Figure 1 shows the detailed flowchart). The experiment lasted 20 weeks (one academic
semester), with two instructional sessions per week.

Step 3: Final examination questions (paper-based, open-ended, including theoretical and practical sections) and
specialized paper-based questionnaires for students and teachers were designed. Both groups used the same examination
method. The examination questions covered the breadth and depth of the curriculum, and the questionnaires were
assessed for reliability and validity by epidemiological experts. The complete set of examination questions and ques-
tionnaires is available in Figure S1.

Step 4: At the end of the semester, after teaching activities were completed, questionnaires were distributed to
students and teachers in the experimental group, and students in both groups took the final examination simultaneously.

Statistical Analysis

Quantitative data were presented as mean =+ standard deviation (SD) and subjected to statistical analysis using the #-test.
Comparisons of categorical variables (rates) were performed via the chi-square (x°) test. All statistical analyses were
conducted using SPSS 20.0 software, with a two-tailed p-value < 0.05 considered statistically significant.
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Implementation Process of the Flipped Classroom Teaching Model Integrated with the
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Figure | Implementation process of the flipped classroom integrated with the Feynman Learning Method.

Results

General Characteristics of the Study Participants

The experimental group included 40 students (15 males and 25 females) with a mean age of 25.9 + 0.54 years, while the
control group consisted of 38 students (12 males and 26 females) with a mean age of 26.0 + 0.56 years. No statistically
significant differences were observed in gender distribution or age between the two groups (both p > 0.05).

Analysis of Examination Results
A systematic analysis was conducted on the questionnaires completed by students and teachers in the experimental
group, with the key findings summarized as follows:

Among students in the experimental group, the awareness rate of the Feynman Learning Method was 45% (12/40),
while the awareness rate of the flipped classroom model was 17.5% (7/40). Regarding the novel flipped classroom model
integrated with the Feynman Learning Method: 85% (34/40) of students accepted this teaching model; 80% (32/40)
perceived a significant facilitative effect on learning compared with traditional teaching methods; 70% (28/40) reported
a more rigorous learning attitude; 67.5% (27/40) observed improvements in their expressive and critical thinking
abilities; 27.5% (11/40) expressed a willingness to continue adopting this model; 70% (28/40) indicated that the
model increased their extracurricular learning time; 65% (26/40) regarded the model as an additional learning burden;
37.5% (15/40) acknowledged the model’s potential for promotion.

Among the 8 participating teachers: the awareness rate of the novel teaching model was 75% (6/8); The acceptance
rate reached 87.5% (7/8); 87.5% (7/8) reported enhancements in their teaching competence through the model; 87.5% (7/
8) recognized the model’s value for promotion across broader disciplines.

A comparison of the examination scores of the two groups is presented in Figure 2. Score analysis indicated that the
mean theoretical score of the experimental group was 85.3+£8.17, while that of the control group was 79.2149.19, with
a statistically significant difference between the two groups (p < 0.001, Figure 2A). The mean practical score of the
experimental group was 83.4+8.58, compared with 77.0548.43 in the control group, and the difference was statistically
significant (p < 0.001, Figure 2B).
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Figure 2 Comparison of final examination scores. (A) Comparison of theoretical scores between the experimental group and the control group. (B) Comparison of
practical scores between the experimental group and the control group. *p < 0.001.

Analysis of the examination pass rates revealed that the theoretical examination pass rates of the experimental group and
the control group were 95% (38/40) and 81.6% (31/38), respectively, with a statistically significant difference (p < 0.001). The
practical examination pass rates of the experimental group and the control group were 100% (40/40) and 92.1% (35/38),
respectively, and the difference was also statistically significant (p < 0.001).

Discussion

Our findings show that the flipped classroom model integrated with the Feynman Learning Method significantly
improves examination scores and pass rates of postgraduates in cardiovascular ultrasound clinical teaching. Qualitative
analysis also revealed high acceptance of this model among both students and teachers, who recognized its effectiveness
in enhancing learning and teaching performance. Teachers were more likely to advocate for its promotion, but
a considerable proportion of students had reservations about its widespread implementation.

Cardiovascular ultrasound is one of the more challenging clinical disciplines.>’ It is abstract and dynamic, requiring
strong spatial imagination and operational skills. Additionally, cardiovascular diseases are diverse, with often atypical
ultrasonic imaging manifestations that demand high diagnostic differentiation capabilities. Furthermore, diagnostic
reports frequently serve as key references for cardiovascular surgery, imposing significant professional
responsibilities.>’” With conventional teaching methods, students passively acquire knowledge with superficial under-
standing and inadequate mastery. This leaves them with insufficient professional knowledge and practical skills when
entering clinical practice after graduation—some even need to re-learn relevant content from scratch,'>!” inevitably
wasting educational resources and personal effort.’* Our findings indicate that the innovative flipped classroom model
embedded with the Feynman Learning Method effectively addresses these issues. While several international studies

1’11,13,18

have preliminarily explored this integrated teaching mode no reports have been published on its application in

cardiovascular ultrasound teaching to date.
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Our results demonstrate that students taught via the flipped classroom model integrated with the Feynman Learning
Method achieved significantly higher examination scores and pass rates than those in the conventional teaching group.
This aligns with findings reported by Song et al*’ confirming the superiority of this innovative teaching model in
cardiovascular ultrasound education. Qualitative analysis showed high acceptance among participating students and
clinical instructors implementing the model. Based on these favorable results, the flipped classroom model integrated
with the Feynman Learning Method is a valuable pedagogical reform with considerable potential for broader promotion
to deliver greater educational benefits.

However, this may not hold true—at least in China’s current educational context, where popularizing this model is
likely to face certain obstacles.”*** In this study, while 80% of participating students recognized the model’s benefits,
only 37.5% endorsed continuing with it when queried. This unexpected discrepancy warrants analysis of its underlying
causes, which must be viewed against the current challenges of postgraduate education in China. Qualitative analysis
showed that 70% of experimental group students perceived this new teaching model as overly time-consuming. This
raises a relevant question: how would this time be used if not allocated to academic learning? In reality, Chinese
postgraduates currently face an increasingly complex environment and a grim employment outlook. A large portion of
their time during postgraduate studies—whether actively or passively—is devoted to research projects, a trend that is
intensifying into an unproductive “rat race”.**® As a result, time available for coursework is drastically reduced, leaving
students insufficient time to engage in the flipped classroom model integrated with the Feynman Learning Method, which
requires more time investment. Regrettably, while this issue is not new, the status quo is unlikely to change in the short
term4. Adjusting postgraduate education goals at the top-level institutional design may help alter this situation,
encouraging students to focus more on coursework.*** In today’s information society, students in China and other
countries face a growing volume of knowledge to learn, inevitably reducing time available for any single specialized
field.>”® Thus, even if students recognize a learning method’s benefits, they are reluctant to adopt it if it requires
excessive time.”® One feasible solution is phased implementation: pilot applications in affiliated teaching hospitals of
high-level medical universities to allow gradual adaptation by students and teachers, followed by larger-scale
promotion.”> Like the flipped classroom and Feynman Learning Method themselves, their development from initial
application to widespread promotion followed this same path.'*'®

This study has several limitations. First, it was a single-center study with a relatively small sample size. Our
institution is among China’s top-tier medical education providers in terms of teaching capacity; thus, to improve
generalizability, future RCTs should adopt a multicenter design with large sample sizes, including a broader range of
representative medical schools and teaching hospitals. Second, baseline heterogeneity may exist among participants in
academic aptitude, learning habits, and supplementary learning strategies, which may have confounded study outcomes.
Third, the intervention duration was relatively short (one academic semester), precluding a robust evaluation of the
model’s long-term teaching effectiveness. Fourth, reliance on self-reported questionnaires introduces inherent subjectiv-
ity and potential response bias.

Conclusions
In Chinese postgraduate medical education, the flipped classroom model integrated with the Feynman Learning Method
can fully stimulate students’ subjective initiative, reflect the philosophy of learning through teaching, and promote mutual
improvement of teaching and learning. Compared with conventional teaching models, this innovative approach offers
distinct advantages: in cardiovascular ultrasound postgraduate teaching, it not only significantly improves students’
examination scores and pass rates but also enhances teachers’ pedagogical skills. Having gained positive recognition
from both students and teachers, this model is a valuable initiative for pedagogical reform in clinical medical education.
Action research is an exploratory approach focused on addressing practical teaching challenges, featuring iterative
implementation with dynamic adjustments and a continuous feedback mechanism throughout the research process. This
paradigm aligns well with the realities of clinical teaching practice, laying a solid empirical foundation for subsequent
studies seeking to validate the effectiveness of the flipped classroom model integrated with the Feynman Learning
Method.
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Despite its considerable promotional potential in improving teaching efficacy, the flipped classroom model integrated
with the Feynman Learning Method has elicited divergent attitudes between teachers and students regarding its large-
scale implementation. This inconsistency arises from the multifaceted challenges currently facing Chinese postgraduate
medical education and thus requires prudent consideration in its future popularization.
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