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Background: The flipped classroom (FC) is increasingly used in medical education, but the impact of a continuous FC strategy on 
anesthesiology learning and career choice in eight-year medical program students remains unclear.
Methods: In a randomized trial, 200 students received either continuous FC (n=100) or traditional (n=100) anesthesiology instruction. 
Outcomes included final exam scores, survey-assessed satisfaction, active learning, critical thinking, and post-course specialty 
selection. Mediation analysis evaluated how a weighted composite of these scores influenced anesthesiology major selection.
Results: The continuous FC group demonstrated significantly higher final exam scores, satisfaction, and active learning levels (all P < 0.05). 
Most importantly, students in the FC group were 21.77 times more likely to choose anesthesiology as their specialty than those in the control 
group (OR = 21.77, 95% CI: 1.79–264.83, P = 0.016). Mediation analysis indicated that 44.13% of the total effect of the FC intervention on 
specialty choice was mediated by improvements in the weighted composite score (indirect effect: β = 0.059, 95% CI: 0.024–0.102, P = 0.005).
Conclusion: The continuous FC approach enhances learning outcomes, fosters essential skills, and significantly increases the 
selection of anesthesiology as a specialty. This demonstrates its substantial positive impact and potential value in addressing specialty 
shortages in medical education.
Keywords: flipped classroom, anesthesiology, major choice, teaching quality, eight-year program students

Introduction
In China, medical students participate in either a five-year or eight-year clinical program, with anesthesiology instruction 
occurring in the fall semester of the fourth and fifth years, respectively, a pivotal time for career specialization.1,2 An 
eight-year program designed to train highly skilled healthcare professionals has been introduced at 18 leading medical 
colleges in China since 2001.3 Eight-year medical program students typically complete pre-clinical coursework and core 
medical training during the first five years, self-select specialized clinical disciplines starting in the sixth year, and 
undertake research training culminating in a doctoral dissertation during the final three years. This pivotal decision 
determines their subsequent residency training focus and primary career track. However, a study found that only 2.3% of 
eight-year program students chose an anesthesiology specialty.4

China’s critical deficiency of anesthesiologists (6.7 per 100,000 population) highlights systemic obstacles in specia
lized medical recruitment, particularly within the eight-year training program.4 To address this gap, this study advocates 
for reforming the anesthesiology curriculum in the fifth year of the eight-year program to enhance educational quality and 
student involvement before specialization selection at the beginning of the sixth year.
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The flipped classroom (FC) model reverses traditional teaching by assigning pre-class materials for self-study and 
dedicating classroom time to interactive problem-solving and addressing knowledge gaps.5 This approach fosters 
proactive learning, enhances engagement, and improves educational outcomes, particularly in medical fields like 
anesthesiology, where it has gained traction among residents and pediatric anesthesiology graduate students.6,7 Studies 
have highlighted benefits such as increased teaching efficiency, improved work-life balance, and stronger motivation for 
a clinical career.5,8 Unlike problem-based learning (PBL) or team-based learning (TBL), the FC model shifts knowledge 
acquisition to the pre-class phase.9,10 This is critical for a dense subject like anesthesiology, as it reserves classroom time 
for expert-guided, higher-order activities like case simulations and hands-on problem-solving.

However, current research primarily focuses on evaluating its short-term implementation within courses.11 This 
limited emphasis constitutes a significant constraint, as prolonged application is crucial for the development of effective 
instructional tactics.12 Anesthesiology is often perceived as a “behind-the-scenes” specialty, affording students limited 
early clinical exposure. Consequently, traditional didactic teaching often fails to convey the field’s intellectual dynamism, 
decision-making complexity, and clinical satisfaction—a visibility gap that creates a pronounced barrier to entry 
compared to more patient-facing disciplines. We therefore selected anesthesiology as a critical test case to examine 
whether pedagogical reform can influence career decisions in a high-need field plagued by practitioner shortages and low 
appeal among top students. We introduced a semester-long FC model, hypothesizing that its emphasis on active problem- 
solving and clinical scenario simulation would provide a continuous, immersive experience. This, in turn, was expected 
to improve knowledge retention, foster a deeper understanding of anesthesiology’s clinical reasoning, and ultimately 
transform students’ perceptions of the specialty by engaging them directly with an anesthesiologist’s cognitive processes.

This study evaluated a continuous FC teaching paradigm in anesthesiology education by comparing students’ 
specialty choices, academic performance, and educational assessment scores between experimental and control groups. 
We hypothesized that: (1) The pedagogical intervention would significantly increase rates of selecting anesthesiology as 
a specialty, and (2) choosing anesthesiology would correlate with higher academic achievement and more positive survey 
responses regarding perceptions of the specialty.

Participants and Methods
Basic Information of Research Participants and Ethics Approval
The study comprised 200 undergraduate students enrolled in the eight-year program at the Xiangya School of Medicine, 
Central South University. Inclusion criteria: (1) The students are in their fifth year of the program (2) The subjects were 
informed and agreed. Exclusion criteria: (1) The subject refuses to participate in the study. (2) The subject withdraws 
from the study midway. We enrolled a total of 202 participants, excluding two students who refused to participate. Using 
a random number table, 200 participants (age range: 22 ~ 24 years) were randomized to either the research group (n = 
100; female = 48, male = 52) or the control group (n = 100; female = 46, male = 54). Participants were assigned to either 
traditional classroom (control group) or continuous FC (research group) instruction for the Anesthesiology course 
throughout the entire fall semester. Both groups were instructed by teachers with over 5 years of professional experience. 
To address equity concerns, we provided all FC materials to the control group after completion of the study.

This study complied with the Declaration of Helsinki (1989) and obtained approval from the Ethics Committee of our 
institution.The Second Xiangya Hospital, with the research trial registration number LYF20240281. Following 
a comprehensive verbal elucidation of the experimental protocols, each participant furnished written consent for the 
investigation. Trained researchers distributed the surveys, guaranteeing voluntary and anonymous participation while 
alerting participants of the study’s goal.

Study Design and Setting
The research group implemented a continuous FC learning approach, which systematically combined pre-class prepara
tion with interactive in-class sessions. To this end, the cohort of 100 students was subdivided into four fixed sub-groups 
of 25 students each. Within each sub-group, one student was randomly designated as the team leader, tasked with 
coordinating pre-class learning activities, facilitating intra-team discussions and compiling a summary report of their 

https://doi.org/10.2147/AMEP.S569669                                                                                                                                                                                                                                                                                                                                                                                                                                  Advances in Medical Education and Practice 2025:16 2350

Hu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



team’s discussion for formal submission to the instructor prior to the in-class session. The learning cycle commenced one 
week before each session, with the distribution of curated digital materials (including instructional video and PowerPoint 
(PPT) presentations) via a WeChat group. During the in-class session, after the instructor’s lecture, time was dedicated to 
discussing the reports submitted by each team. The instructor provided overall feedback and clarified questions based on 
the reports, with the aim of reinforcing key concepts and resolving challenging topics. This process also incorporated 
active learning strategies, including structured group discussions centered on the pre-class materials, as well as inter
active Q&A sessions to deepen students’ understanding of the video-based content.

The control group adopted traditional PPT-based concentrated teaching, in which teachers explained relevant knowl
edge points based on actual cases and addressed any student concerns.

The reformed anesthesiology curriculum includes fundamental theories and techniques (such as organ function 
monitoring/support, anesthesia risk assessment, and airway management), perioperative complication management, 
pain management, drug dependence, and anesthesiology therapeutics, incorporating clinical cases to improve practical 
skills. The flow diagram for developing and analyzing the data model was illustrated in Figure 1.

Data Collection and Measurement
We collected demographic characteristics (sex and age), as well as the following information:

Final Test
Following the theoretical lectures, the teaching team organizes the students for the final examination. The final test grade 
was scored on a scale of 0 ~ 100 points.

Students’ Major Choice, Satisfaction, Active Learning and Critical Thinking
An anonymous survey was conducted to gather data on the intended graduate majors of students at the end of their fifth year of 
academic study. The number of eight-year program students who selected anesthesiology as their specialty was recorded for 
both groups. Besides, the students’ satisfaction comprised five items, active learning comprised six items, and critical thinking 
comprised eight items, as shown in Table 1.9,13,14 Students were assessed using a five-point Likert scale questionnaire, with 
responses ranging from 1 (strongly disagree) to 5 (strongly agree). The composite scores for students’ satisfaction, active 
learning, and critical thinking were 0 ~ 25 points, 0 ~ 30 points, and 0 ~ 40 points, respectively. The Likert scale used in this 
study was adapted from previously validated standardized instruments.9 Minor semantic adjustments were made to tailor the 
item to the context of anesthesiology education while maintaining the original structure of the scale. In the present study, the 
instrument demonstrated excellent internal consistency, with a Cronbach’s α coefficient of 0.91.

Weighted Composite Score
The weighted composite score was computed by standardizing each component to a 100-point scale, then applying 25% 
weights:

Composite = 0.25 * [Final test + (Satisfaction / 25 * 100) + (Active Learning / 30 * 100) + (Critical Thinking / 40 * 100)].

Definition of Exposure, Covariates and Outcome
The research group implemented the continuous FC learning approach whereas the control group implemented the 
traditional teaching method. Covariates included sex, age, final test score, satisfaction score (five items), active learning 
score (six items), critical thinking score (eight items) and weighted composite score. The outcome of the present study 
was selecting anesthesiology as a Specialty (choice).

Statistical Analysis
Continuous variables with normal distribution (confirmed by Shapiro–Wilk test) are presented with mean ± standard 
deviation (SD), and categorical variables are reported with numbers (percentages) (Table 1). Differences were assessed 
using the Student’s t-test for continuous data, and the Chi-square test for categorical data. We conducted univariable and 
multivariable logistic regression analyses to calculate odds ratios (OR) and corresponding 95% confidence intervals (CI), 
with selection of anesthesiology specialty as the dependent variable (Tables 2 and 3). Univariable logistic regression was 
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used to examine the association between each independent variable and specialty selection. Multivariable logistic 
regression enabled simultaneous adjustment for demographic and educational assessment covariates, allowing evaluation 
of the independent effect of continuous FC exposure on specialty choice.

To mitigated potential confounding effects, we conducted four hierarchically adjusted multivariable regression 
models: an unadjusted crude model (Model 1), a model adjusted for baseline demographics (sex and age; Model 2), 
and a model additionally incorporating the weighted composite score (Model 3). To address potential bias from small size 
and sparse events, we performed sensitivity analyses using Firth’s penalized likelihood logistic regression, which reduces 
finite-sample bias by introducing a Jeffreys prior penalty term.15 Results were compared with conventional maximum 
likelihood estimates (Table 4).

Figure 1 The study design flowchart.
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Table 1 Descriptive Statistics of Basic Information and Survey

Variables Total  
(n = 200)

Control Group  
(n = 100)

Research Group  
(n = 100)

P value

Sex, n (%) 0.777a

Male 106 (53.0) 54 (54) 52 (52)

Female 94 (47.0) 46 (46) 48 (48)

Age, Mean ± SD 22.7 ± 0.6 22.6 ± 0.6 22.7 ± 0.6 0.657b

Selecting Anesthesiology as a Specialty (Choice), n (%) 0.009a

No 184 (92.0) 97 (97) 87 (87)

Yes 16 (8.0) 3 (3) 13 (13)

Part 1: Final Test

Test score, Mean ± SD 75.5 ± 9.0 73.2 ± 7.5 77.8 ± 9.8 < 0.001b

Part 2: Student satisfaction survey items (S1-S5), mean ± SD.

S1: The FC classes are interesting and attractive. 3.4 ± 1.0 3.1 ± 1.0 3.6 ± 0.9 < 0.001b

S2: A pile of teaching content was present. 3.3 ± 1.0 3.3 ± 1.1 3.4 ± 1.0 0.494b

S3: The lectures clearly explain difficult points. 3.5 ± 1.0 3.2 ± 0.9 3.8 ± 0.9 < 0.001b

S4: It is enlightening for in-depth study. 3.4 ± 1.0 3.2 ± 0.9 3.6 ± 1.0 0.006b

S5: It links theory with clinic practice tightly. 3.7 ± 1.1 3.4 ± 1.1 4.0 ± 1.1 < 0.001b

Satisfaction. composite 17.3 ± 2.6 16.3 ± 2.6 18.4 ± 2.2 < 0.001b

Part 3: Student active learning (AL) survey items (AL1-AL6), mean ± SD.

AL1: I set my own learning objectives for each scenario. 3.0 ± 1.0 2.7 ± 1.1 3.3 ± 0.8 < 0.001b

AL2: I applied various learning strategies during independent study. 2.3 ± 0.5 2.2 ± 0.4 2.4 ± 0.5 0.004b

AL3: I was able to summarize the key points of the outcome of the group discussion. 3.0 ± 1.0 2.7 ± 0.9 3.4 ± 0.9 < 0.001b

AL4: I managed my independent study effectively. 3.0 ± 1.1 2.6 ± 1.1 3.4 ± 1.0 < 0.001b

AL5: My behavior encouraged other members to actively participate in the tutorial process. 2.7 ± 0.9 2.6 ± 0.8 2.8 ± 0.9 0.105b

AL6: I reflected on my learning in each scenario based on the objectives that I set myself. 2.5 ± 1.0 2.5 ± 0.9 2.4 ± 1.0 0.343b

AL. composite 16.5 ± 4.8 15.3 ± 4.7 17.7 ± 4.6 < 0.001b

Part 4: Student critical thinking (CT) survey items (CT1-CT8), mean ± SD.

CT1: I was able to formulate questions based on the scenario. 3.0 ± 1.0 2.7 ± 1.0 3.3 ± 0.8 < 0.001b

CT2: I communicated my ideas clearly. 3.0 ± 1.0 2.6 ± 0.9 3.3 ± 0.9 < 0.001b

CT3: I performed the role given to me by other group members. 3.0 ± 1.0 2.9 ± 1.0 3.2 ± 0.9 0.022b

CT4: I applied knowledge from my independent study to provide a solution to the problem being discussed. 3.0 ± 0.9 2.9 ± 0.9 3.1 ± 0.9 0.09b

CT5: I analyzed information in the scenario using relevant theory and concepts. 2.9 ± 1.0 3.0 ± 0.9 2.8 ± 1.1 0.048b

CT6: I made links between my newly acquired knowledge and my previous knowledge during the study process. 2.8 ± 0.8 2.9 ± 0.8 2.6 ± 0.7 0.075b

CT7: I explained knowledge from the resources in my own words. 3.0 ± 0.9 2.7 ± 0.8 3.3 ± 1.0 < 0.001b

CT8: I could generate a hypothesis to explain the problem under discussion. 3.1 ± 1.1 2.8 ± 0.9 3.4 ± 1.2 < 0.001b

CT. composite 22.1 ± 5.0 22.5 ± 5.5 21.7 ± 4.5 0.278b

Weighted composite score, Mean ± SD 63.8 ± 9.0 61.4 ± 9.2 66.2 ± 8.1 < 0.001b

Notes: aChi-square; bStudent’s t-test. 
Abbreviations: S, Satisfaction; AL, Active Learning; CT, Critical Thinking.

Table 2 Univariate Logistic Regression Analyses to Investigate the 
Factors Associated with the Choice of Anesthesiology as a Major

Variable OR_95% CI P value

Group 4.83 (1.33 ~ 17.52) 0.017
Sex 0.65 (0.23 ~ 1.88) 0.43

Age 1.45 (0.66 ~ 3.19) 0.35

Part 1: Final Test score 1.57 (1.27 ~ 1.93) <0.001
Part 2: Satisfaction score. composite 1.22 (0.99 ~ 1.51) 0.065

Part 3: Active learning score. composite 1.59 (1.31 ~ 1.93) <0.001
Part 4: Critical thinking score. composite 1.39 (1.22 ~ 1.59) <0.001
Weighted composite score 1.42 (1.22 ~ 1.65) <0.001

Abbreviations: OR, odds ratio; 95% CI, 95% confidence intervals.
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Furthermore, mediation analysis was employed to explore the contribution of the weighted composite score to the 
influence of the FC on the choice of anesthesiology as a specialty. This approach aligns with the conceptual framework 
proposed by Baron & Kenny16 and modern causal mediation methods.17 We included all participants (intervention and 
control groups) to ensure comprehensive estimation of mediator-outcome relationships across the full observational 
spectrum. Using 5,000 bootstrap iterations, we quantified both the existence and magnitude of this indirect pathway, 
reporting 95% bias-corrected confidence intervals to provide robust effect estimates. This approach allowed us to 
rigorously evaluate the temporal sequence of the proposed mediation process while accounting for sampling variability.

All the statistical analyses were performed using R Statistical software (Version 4.2.2, The R Foundation) and the 
Free Statistics analysis platform (Version 1.9.2). We employed a two-tailed test, and a result was considered statistically 
significant when the P value was less than 0.05.

Results
Comparison of Basic Information and Survey Results
There was no disparity in sex and age between the two groups of students (Table 1). Thirteen students from the eight-year 
program in the research group chose anesthesiology as their primary research focus in postgraduate study (P = 0.009), 
whereas just three students were in the control group (Table 1). The final test composite score (P < 0.001) in the research 
group was significantly higher than that of the control group (Table 1).

Student satisfaction with the ongoing FC classes was higher in the research group compared to the control group 
(Table 1). The FC lessons were engaging and appealing (P < 0.001). The lectures elucidated difficult points (P < 0.001), 
were enlightening for in-depth content (P = 0.006), and closely integrated theory with clinical practice (P < 0.001).

In comparison to their control group peers, students in the research group demonstrated a significantly greater level of 
enthusiasm for active learning (Table 1). This passion was especially evident in their ability to set learning objectives (P 
< 0.001), apply learning strategies during independent study (P = 0.004), summarize key points from group discussions 
(P < 0.001), and manage their independent study (P < 0.001).

Moreover, students in the research group perceived superior critical thinking skills compared to those in the control 
group (Table 1). They showed excellent proficiency in formulating questions based on the scenarios (P < 0.001), 
expressing ideas clearly (P < 0.001), coordinating with others (P = 0.022), enhancing problem-solving (P = 0.048), 
acquiring knowledge from resources (P < 0.001), and developing hypotheses to explain problems (P < 0.001).

Table 3 Multivariable Logistic Regression to Assess the Continuous FC Factor Associated with the Choice of 
Anesthesiology as a Major

Variable Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Control Group 1(Ref) 1(Ref) 1(Ref)
Research Group 4.83 (1.33 ~ 17.52) 0.017 4.85 (1.33 ~ 17.66) 0.017 21.77 (1.79 ~ 264.83) 0.016

Notes: Model 1 was unadjusted. Model 2 was adjusted for sex + age. Model 3 was adjusted for Model 2 + weighted composite score. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence intervals.

Table 4 Sensitivity Analysis Using Firth’s Penalized Likelihood Regression to 
Address Finite-Sample Bias

Variable Logistic OR (95% CI) Firth OR (95% CI) P value (Firth)

Research Group 

Model 3

21.77 (1.79–264.83) 11.80 (1.43–97.00) 0.021

Notes: Model 3 was adjusted for sex + age + weighted composite score. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence intervals.
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Associations Between Continuous FC and the Choice of Anesthesiology as a Major 
Among Eight-Year Program Students
We conducted univariate logistic regression analyses to investigate the factors associated with the choice of anesthesiology 
as a major (Table 2). Univariate logistic regression analyses revealed that factors such as sex, age, and satisfaction were not 
significantly associated with the choice of anesthesiology as a major for eight-year program students. On the other hand, the 
group (continuous FC vs traditional method), final test score, composite score from active learning, composite score from 
critical thinking, and overall weighted score showed a positive relationship with the choice of anesthesiology as a major.

Then, multivariable logistic regression models were constructed to examine the relationship between continuous FC 
teaching exposure (primary predictor) and anesthesiology specialty selection (outcome variable), with adjustment for 
demographic characteristics, academic performance and educational assessment scores (Table 3). The crude model 
(Model 1) revealed a significant positive association between FC teaching and anesthesiology specialty selection (OR 
= 4.83, 95% CI: 2.1 ~ 11.2, P < 0.001). Through progressively adjusted models, the association remained significant with 
incremental covariate adjustment: Model 2 (adjusted for demographic factors as sex and age) yielded an OR of 4.85 
(95% CI: 1.33 ~ 17.66, P = 0.017); Model 3 (fully adjusted for all covariates) demonstrated a substantially increased OR 
of 21.77 (95% CI: 1.79 ~ 264.83, P = 0.016).

Given the wide confidence intervals observed in Model 3 of our multivariable logistic regression analysis (OR = 
21.77, 95% CI: 1.79 ~ 264.83), suggesting potential small-sample bias due to low event rates. To address this limitation, 
we employed Firth’s penalized likelihood logistics regression as a sensitivity analysis which provides finite and less 
biased estimates when traditional maximum likelihood estimation fails,15 particularly valuable when complete or quasi- 
complete separation occurs. As shown in Table 4, while both methods demonstrated statistically significant intervention 
effects (conventional logistic regression: P = 0.016; Firth’s correction: P = 0.021), Firth’s correction yielded a more 
precise and clinically plausible estimate (OR = 11.80, 95% CI: 1.43 ~ 97.00) representing a 45.8% reduction in effect 
size magnitude compared to the conventional approach. This finding underscores the importance of using bias-reduced 
estimation methods when analyzing studies with limited event rates.

These findings exhibit a consistent and statistically significant association between the continuous FC model and the 
choice of anesthesiology as a major in the eight-year program for students.

Mediation Analyses
We further conducted mediation analysis to examine the hypothesized pathway whereby the continuous FC intervention 
enhances the likelihood of choosing anesthesiology as a specialty through improving the weighted composite score 
(academic performance, satisfaction, active learning, and critical thinking), thereby strengthening students’ interest and 
confidence in this specialty (Figure 2). Mediation analysis revealed significant impacts of continuous FC intervention on 

Figure 2 Mediation analysis of weighted composite score factor influencing anesthesiology specialty selection among eight-year program students. 
Abbreviations: IE, Indirect effect; DE, Direct effect; TE, Total effect; 95% CI, 95% confidence intervals.
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anesthesiology specialty selection: direct effect: β = 0.074 (95% CI: 0.024 ~ 0.139, P = 0.012); indirect effect via 
composite score: β = 0.059 (95% CI: 0.024 ~ 0.102, P = 0.005); total effect: β = 0.133 (95% CI: 0.060 ~ 0.224, P = 
0.001). The indirect pathway mediated 44.13% of the total effect, indicating substantial mediation through academic 
performance and educational assessment scores (satisfaction, active learning and critical thinking). This finding indicates 
that improvements in the composite academic and educational assessment metrics partially mediate the relationship 
between the continuous FC intervention and specialty choice.

Discussion
Our research indicates that the continuous FC model significantly enhances student satisfaction, and students reported 
higher levels of self-perceived active learning engagement and critical-thinking-related behaviors. These perceived 
improvements were accompanied by better academic performance and a higher likelihood of selecting anesthesiology 
as a postgraduate specially. On the other hand, these findings highlight a significant deficiency in current medical 
education, as conventional teaching methods have not motivated students in the eight-year program, of whom only 2.3% 
have traditionally selected anesthesiology, despite China’s acute shortage of anesthesiologists.

FC Enhances Satisfaction Through Interactive, Clinically Integrated Learning
The higher satisfaction scores reported by the research group support previous evidence indicating that FC enhances 
engagement through personalized and interactive learning.18,19 Unlike traditional lectures, our continuous FC model 
combines pre-class materials with in-class simulations, case discussions, and real-world clinical applications. This 
approach not only clarified complex concepts but also bridged theory and practice, resonating with students’ expectations 
for dynamic, relevant education.20 The magnificent improvement in satisfaction underscores FC’s advantage to transform 
perceptions of anesthesiology from a challenging specialty to an appealing career choice.

FC Cultivates Active Learning and Critical Thinking
Learning enthusiasm can be evaluated via active learning and critical thinking ability.21,22 Instructional strategies that 
actively involve students in their education are known as active learning. Critical thinking is a comprehensive and 
extensive process in identifying and tackling problems. Active learning and critical thinking are fundamental compe
tencies throughout all professional disciplines, and they are considered one of the primary skills in the twenty-first 
century.23

Active learning and critical thinking are pivotal for medical professionals, yet traditional curricula often neglect their 
development.24 The FC group demonstrated significantly higher scores in both domains. Students in this group reported 
a greater self-perceived ability to set learning goals, solve problems, and collaborate effectively—skills directly linked to 
clinical competence. The mediation analysis revealed that active learning is the indirect mediation factor influencing the 
choice of anesthesiology, indicating that the continuous FC approach, which emphasizes independent study and 
collaboration with teammates, fosters a greater commitment to the field.

Weighted Composite Score as a Gateway to Specialty Choice
Participants in the FC group selected anesthesiology as their specialty at a rate 21.77 times higher than that of the control 
group (OR = 21.77; 95% CI: 1.79 ~ 264.83), as confirmed by multivariable logistic regression, indicating a significant 
independent effect of the FC intervention. However, the exceptionally wide confidence interval suggests considerable 
imprecision in the point estimate, likely attributable to the limited sample size and low number of observed events. To 
address this methodological concern and obtain a more reliable effect estimate, we performed a sensitivity analysis using 
Firth’s penalized-likelihood logistic regression. This bias-reducing approach yielded a more precise and conservative 
estimate (OR = 11.80; 95% CI: 1.43 ~ 97.00), while still confirming a statistically significant and independent association 
between FC exposure and specialty choice.

The mediation analysis revealed that 44.13% of the total effect of the continuous FC intervention on specialty 
selection was mediated through the weighted composite score – comprising academic performance, satisfaction, active 
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learning, and critical thinking. This substantial indirect effect suggests that weighted composite score represent a key 
mechanistic pathway partially underlying the influence of continuous FC on career choice.

This aligns with the implementation of the FC teaching model in the surgery clerkship, which is feasible and yields 
high learner satisfaction, effective knowledge acquisition, and increased career interest in surgery.25 By breaking down 
barriers to comprehension, FC may help dispel misconceptions about the difficulty of anesthesiology, making it a more 
accessible and attractive option.

Implications for Addressing China’s Anesthesiologist Shortage
China’s shortfall of anesthesiologists (6.7 per 100,000 population) necessitates new solutions.26 This study suggests that 
prolonged exposure to FC pedagogy, particularly in the fifth year when specialization choices are solidified, can influence 
career paths. The model’s effectiveness likely arises from its dual emphasis: (1) enhancing core knowledge through 
iterative learning and (2) cultivating positive attitudes through practical clinical integration. Our findings, while obtained 
in an anesthesiology context, suggest a broader implication: that FC and similar active learning strategies may help 
mitigate workforce shortages in medical specialties perceived as “less visible” or particularly challenging by students. 
Future research should explore the transferability of this approach to other disciplines facing recruitment challenges.

Limitations
Although encouraging, our findings provoke validation in larger, long-term research. The single-institution design and 
brief follow-up period limit generalizability. The study did not employ a crossover design, which limits within-student 
comparisons between teaching models. To address these limitations, future studies will incorporate a crossover design or 
adopt a multi-institutional framework to enhance comparability and generalizability. The resource-intensive nature of the 
FC model may present practical issues. Subsequent studies should investigate economic adjustments and assess retention 
rates in anesthesiology programs.

Conclusion
The continuous FC approach significantly enhances learning outcomes, fosters self-reported essential skills, and increases 
the selection of anesthesiology as a specialty, demonstrating high effectiveness in medical education.
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