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Unified Quality Control Specifications for the Entire RCT
1. The study was conducted from September 2025 to August 2026 at the Department of Endocrinology and Metabolism, the Fourth Affiliated Hospital of Anhui Medical University. Ethics approval number: KY2024096. All study procedures strictly followed the Declaration of Helsinki, and all participants provided written informed consent before enrollment.
2. Random allocation procedure: An independent teaching administrator generated a random number sequence using SPSS 26.0. Allocation concealment was achieved using sealed, opaque envelopes, which were stored in a locked cabinet in the archives room.
3. Blinding control: Theoretical examination graders and clinical skills assessors were single-blinded; statistical analysts remained blinded to group assignment throughout. Prespecified unblinding scenario: single-blinding could be broken if a participant developed persistent severe clinical anxiety or was unable to complete practical training exercises.
4. Teaching standardization quality control: All three groups were taught by the same senior attending physician with 8 years of endocrine clinical teaching experience, using unified lesson plans, a standardized critical case question bank, and identical teaching PPTs. Online learning duration and check-in records were exported from the DingTalk backend; practical participation was documented by designated ward staff. Participants who accumulated more than 2 class hours of absence were excluded per the exclusion criteria. All three groups received a unified total of 12 class hours of instruction.

5. Treatment fidelity: All teaching faculty completed a standardized 4-hour training session on the three teaching protocols before study initiation, including role-play demonstrations and checklist-based calibration. A structured 15-item fidelity checklist covering core teaching components (PBL discussion quality, CBL bedside supervision, CTTM resource utilization, lecture standardization, and debriefing completeness) was used by two senior educators to independently review 20% of randomly selected audio-recorded teaching sessions. Inter-rater agreement was 92.3%, and overall fidelity adherence exceeded 90% across all three groups, confirming consistent intervention delivery.


Supplementary Table 1  Items, Scoring Criteria, and Reliability/Validity Summary of the Self-Developed "Questionnaire on Sources of Self-Efficacy in Managing High-Risk Endocrine Cases"
1. Target Population
Internal medicine residents undergoing standardized residency training. The questionnaire assesses four domains of self-efficacy in managing high-risk critical endocrine and metabolic disorders, including diabetic ketoacidosis (DKA), thyroid storm, and refractory hypoglycemia.
2. Scoring Rules
A 4-point Likert scale is used: 1 = not confident at all; 2 = slightly confident; 3 = moderately confident; 4 = completely confident. The total score ranges from 6 to 24, with higher scores indicating stronger clinical self-efficacy.
3. Six Formal Items (Corresponding to the Four Self-Efficacy Domains)
Item 1. When facing a patient with diabetic ketoacidosis, I can independently complete the full diagnostic and treatment workflow under attending supervision (Mastery Experience domain).
Item 2. After observing senior physicians manage thyroid storm, I can independently replicate the complete diagnostic and treatment reasoning (Vicarious Learning domain).
Item 3. Guidance and feedback on my treatment plans from attending physicians and specialist nurses help me correct erroneous reasoning (Verbal Persuasion domain).
Item 4. When encountering sudden refractory hypoglycemic coma, I do not become excessively nervous or mentally disorganized (Positive Emotional State domain).
Item 5. After independently managing critical metabolic cases on multiple occasions, I am confident in developing individualized hypoglycemic / antithyroid drug regimens (Mastery Experience domain).
Item 6. After repeatedly watching standardized teaching videos of critical cases, I can calmly respond to new-onset critical endocrine emergencies (combined Vicarious Learning + Positive Emotional State item).
4. Scale Development and Reliability/Validity Summary
The initial item pool contained 22 items. Five endocrine teaching experts conducted two rounds of Delphi screening (expert authority coefficient Cr = 0.88; items with coefficient of variation > 0.25 or mean importance score < 3.5 were removed). After a pilot study with 30 residents, 6 items were retained. The overall Cronbach’s α = 0.81; the content validity index (CVI) = 0.92. Exploratory factor analysis (EFA) extracted 4 common factors with a cumulative variance explained of 78.6%. Confirmatory factor analysis (CFA) fit indices: χ²/df = 1.73, RMSEA = 0.046, CFI = 0.952, TLI = 0.947.
Supplementary Table 2  Complete Semi-Structured Interview Guide for Focus Groups
Pre-Interview Instructions
This interview focuses on multimodal teaching (PBL, CBL, CTTM) and clinical self-efficacy in critical endocrine diseases. The entire session is audio-recorded and anonymized for transcription. All content is used solely for research analysis and is not included in individual teaching performance evaluations. Please express your views objectively and truthfully. The interview lasts approximately 30–40 minutes.
Core Interview Questions (Organized by the Four Self-Efficacy Domains)
[Mastery Experience] Under the current teaching model, what hands-on opportunities do you have to independently manage critical metabolic cases such as DKA, thyroid storm, and hypoglycemic coma under attending supervision? What is the approximate frequency of hands-on practice? Has your confidence changed after independent practice?
[Vicarious Learning] Through which channels do you observe senior physicians perform standardized diagnosis and treatment of complete critical endocrine cases? Among online videos, bedside demonstrations, and case discussions, which observation format is most helpful to you?
[Verbal Persuasion] Among the four stages—pre-class online Q&A, in-class feedback, bedside teaching, and post-class case review—which type of feedback most effectively corrects your diagnostic reasoning? Is current bedside real-time guidance sufficient? What suggestions do you have for improvement?
[Positive Emotional State] Before and after participating in this standardized curriculum, have your feelings of nervousness, fear, or decision hesitation when facing sudden critical endocrine emergencies changed? Do CTTM 3D animations and simulated cases alleviate your clinical anxiety?
[Overall Comparison] Comparing three formats—traditional lecture-only teaching, PBL online learning alone, and the full three-mode integrated teaching—which one better helps you overcome fear of managing critical cases, and why?
[Suggestions for Optimization] If you were to optimize this endocrine residency teaching program, which teaching components would you add or remove?
Closing Questions
Is there any additional content related to critical metabolic case teaching or clinical confidence that you would like to share?
Supplementary Table 3  Multicollinearity Test Results for Quantitative Indicators
Test Method
Indicators included: theoretical examination score, clinical skills total score, GSES total score, self-developed self-efficacy questionnaire total score, and satisfaction mean score. Multicollinearity was assessed using linear regression tolerance and variance inflation factor (VIF). The criterion: VIF < 5 indicates no significant multicollinearity.
Table
	Indicator
	Tolerance
	VIF
	Multicollinearity Judgment

	Theoretical examination score
	0.872
	1.147
	No multicollinearity

	Clinical skills score
	0.846
	1.182
	No multicollinearity

	GSES total score
	0.901
	1.109
	No multicollinearity

	Self-developed efficacy questionnaire total score
	0.885
	1.130
	No multicollinearity

	Satisfaction mean score
	0.914
	1.094
	No multicollinearity


Conclusion
The VIF values of all indicators are well below 5, indicating no significant multicollinearity among the quantitative assessment and scale indicators in this study. Analysis of variance and correlation analysis can be performed directly.
Supplementary Table 4  Sensitivity Analysis Results After Excluding Participants with Extremely Low Baseline Self-Efficacy
Inclusion/Exclusion Criteria
Participants with a baseline self-developed efficacy questionnaire score ≤ 8 were defined as the extremely low self-efficacy group. A total of 11 participants were identified and excluded, after which three-group analysis of variance was repeated to verify the stability of the study conclusions.
Sample Size After Exclusion
Control group n = 27; Experimental Group 1 n = 26; Experimental Group 2 n = 26.
Comparison of Core Indicators in Sensitivity Analysis (mean ± SD)
	Indicator
	Control Group
	Exp. Group 1
	Exp. Group 2
	Overall P
	Between-Group Trend

	Theoretical score
	39.52±2.48
	43.47±2.29
	44.96±3.08
	<0.05
	Exp.2 > Exp.1 > Control; consistent with original conclusion

	Clinical skills
	35.74±3.26
	36.81±3.37
	46.05±2.36
	<0.05
	Only Exp. Group 2 significantly elevated; consistent with original conclusion

	Self-developed efficacy total score
	17.21±2.04
	18.33±2.15
	22.74±1.91
	<0.017
	Exp. Group 2 consistently best across all four domains; no trend change


Sensitivity Analysis Conclusion
After excluding participants with extremely low baseline self-efficacy, the between-group difference trends and statistical significance for theoretical scores, clinical skills, and self-efficacy scores across the three groups were fully consistent with those of the original complete sample. The main conclusions of this study are stable and not confounded by baseline extreme-low-efficacy samples.
Supplementary Table 5  Complete Sub-Dimensional Raw Scores of the Four Domains of Self-Efficacy Across Three Groups (mean ± SD, n = 30)
Note: Bonferroni-corrected α′ = 0.017; a vs. control group P < 0.017, b vs. Experimental Group 1 P < 0.017.
	Self-Efficacy Domain
	Control Group
	Exp. Group 1
	Exp. Group 2
	P
	Pairwise Differences

	Mastery Experience
	4.12±0.51
	4.35±0.48
	5.76±0.43
	<0.017
	Exp.2 a, b; Exp.1 vs. control: no difference

	Vicarious Learning
	4.08±0.49
	4.41±0.52
	5.68±0.40
	<0.017
	Exp.2 a, b; Exp.1 vs. control: no difference

	Verbal Persuasion
	4.20±0.47
	4.32±0.50
	5.53±0.45
	<0.017
	Exp.2 a, b; Exp.1 vs. control: no difference

	Positive Emotional State
	4.01±0.53
	4.28±0.46
	5.82±0.39
	<0.017
	Exp.2 a, b; Exp.1 vs. control: no difference



