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Background: Undergraduate medical education in China faces significant gaps in integrating theory with practice, with 32.7% of
graduates requiring remedial procedural training.

Objective: To implement and evaluate a competency-based reform targeting problem-solving and practical skills.

Methods: In a single-center RCT (Anhui, China; 2023-2024), 180 medical undergraduates were randomized to control (traditional
pedagogy, n = 90) or intervention groups (reformed curriculum: 40% practice-oriented content, integrated PBL/TBL/CBT).
Assessments used OSCE-aligned tools (clinical checklists: Cronbach’s o = 0.89; case analysis rubrics: k = 0.85).

Results: Intervention group showed significant improvements: theoretical scores (78.7 + 3.9 vs 68.3 £4.8;t=-17.78, P <0.01, d=2.39);
clinical skill excellence (80.4% vs 60.2%; y*> =25.93, P <0.001, OR = 2.67); PBL adaptability (70.1% vs 42.3%; %> = 9.0, P < 0.05).
Conclusion: This reform bridges theory-practice gaps and enhances clinical decision-making, requiring institutional support for scalability.
Keywords: medical education reform, clinical problem-solving, competency-based education, curriculum innovation, randomized trial

Introduction
Undergraduate medical education in China faces significant challenges in bridging theoretical instruction with clinical practice,
with approximately 40% of graduates exhibiting deficiencies in clinical decision-making capabilities.' > This theory-practice
disconnect is compounded by systemic shortcomings in problem-solving skill development, as evidenced by 32.7% of junior
physicians requiring remedial procedural training within their first year of practice.*> While global initiatives increasingly adopt
competency-based educational (CBE) frameworks to address such gaps,® scalable models integrating multidimensional reforms
across curriculum design, pedagogical methodology, and assessment systems remain underdeveloped.

Existing approaches in the Chinese context have primarily targeted isolated improvements—such as modular content
updates’ or singular pedagogical innovations (eg, stand-alone PBL implementation)®*—failing to deliver synergistic redesigns
that holistically enhance clinical problem-solving competencies. Recent analyses further indicate that 58% of medical schools

9,10

lack validated tools to objectively measure practical skill acquisition,””"" underscoring critical methodological limitations.

To address these gaps, this study implements a comprehensive reform guided by Kern’s six-step curriculum development

model,'°

which synchronizes: Practice-oriented curriculum restructuring (40% increase in simulation-based content),
Systematic integration of active learning methodologies (PBL, TBL, CBT), and Competency-based multi-source evaluation
systems using OSCE-validated instruments.

This work is supported by the Anhui Provincial “101 Plan” Quality Project (2023ylyjh066), a government-funded
initiative providing critical resources for faculty development workshops, high-fidelity simulation infrastructure, and

longitudinal assessment protocols. By establishing an evidence-based framework adaptable to diverse institutional
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settings, our research aims to transform passive knowledge recipients into clinically autonomous practitioners capable of
navigating complex healthcare challenges.

Curriculum Content and Teaching Method Reform

Research Design

A single-center randomized controlled trial (RCT) was conducted at Anhui University of Science and Technology from
September 2023 to June 2024. The study enrolled 180 third-year medical undergraduates, with sample size determined by
power analysis (a = 0.05, B = 0.2, effect size = 0.6). Participants were allocated via computer-generated block
randomization (block size = 6, stratified by GPA quartiles) into two groups: the control group (n = 90) receiving
traditional lecture-based pedagogy, and the intervention group (n = 90) undergoing a reformed curriculum integrating
Problem-Based Learning (PBL), Team-Based Learning (TBL), and Case-Based Training (CBT). The cohort demon-
strated a mean age of 19+1.2 years (range: 17-22) with 58% female representation. For the 12 minor participants (aged
17), SMS-verified parental consent was obtained through encrypted digital signatures with cryptographic timestamps, in
strict compliance with ethics protocol AMEEC-2023-027. Implementation fidelity was ensured through three primary
mechanisms: comprehensive faculty development including mandatory 30-hour workshops on PBL/TBL/CBT meth-
odologies (achieving 100% certification rate) supplemented by quarterly refresher sessions maintaining >90% atten-
dance; standardized assessment protocols utilizing clinical skills checklists validated through pilot testing (n = 20 cases;
ICC = 0.91, 95% CI [0.85-0.95], CVI = 0.89) and case analysis rubrics demonstrating strong inter-rater reliability
(Cohen’s k = 0.85); and blinded evaluation procedures where OSCE examiners remained unaware of participant group
assignment throughout the assessment process. The fundamental differences between educational approaches are system-
atically compared in Table 1.

Practice-Oriented Curriculum Restructuring

The curriculum redesign emphasized deep integration of theoretical knowledge with clinical applications across
disciplines. In cardiovascular pathophysiology instruction, real coronary angiography data were analyzed alongside
hemodynamic principles, enabling students to correlate imaging findings with physiological concepts. Surgical anatomy
education combined cadaveric dissection sessions in the Anatomy Laboratory with intraoperative video analysis, creating
direct visual linkages between anatomical structures and surgical techniques. Pharmacology modules incorporated
simulation-based medication error scenarios, such as dosing miscalculations in renal failure patients, to reinforce
pharmacokinetic principles through practical application. To accommodate diverse learning preferences, individualized
pathways were established through VARK questionnaire profiling, identifying visual, auditory, reading/writing, and
kinesthetic learning styles. Self-directed learners accessed advanced modules including molecular pathology and
independent research projects, while collaborative learners engaged in team-based clinical simulations such as emergency

Table | Pedagogical Framework Comparison Between Control and Experimental Groups

Characteristic Control Group (n=90) Experimental Group (n=90)

Teaching Approach Traditional lecture-based instruction Integrated active learning curriculum

Instructional Method Instructor-centered knowledge Problem-Based Learning (PBL);Team-Based Learning (TBL); Case-Based
transmission Training (CBT)Clinical scenario simulations

Primary Learning Focus Knowledge acquisition Theoretical understanding;Clinical problem-solving;Practical skill

development

Assessment Methods Standardized examinations;Clinical skills Formative assessments;Case analysis evaluations (Structured rubrics);
assessments (OSCE-aligned checklists) Clinical performance metrics;Classroom engagement analysis

Session Structure Teacher-led lectures Facilitator-guided learning activities

Evaluation Emphasis Examination outcomes Theoretical application;Clinical adaptability;Collaborative performance;

Problem-solving efficacy
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department triage exercises. Flexible scheduling was implemented through multiple time-slots for skill laboratories,
allowing students to self-select sessions based on personal learning rhythms and academic commitments.

Multidisciplinary Integration

The “Precision Medicine” course served as a cornerstone of interdisciplinary integration, systematically combining
expertise from genetics, bioinformatics, and clinical oncology. Geneticists demonstrated BRCA1 mutation analysis
techniques for therapeutic target identification, bioinformaticians guided next-generation sequencing data interpretation
for variant pathogenicity assessment, while oncologists facilitated clinical decision-making workshops on treatment
protocol design. Emerging medical technologies were embedded throughout the curriculum: pharmacology instruction
incorporated modules on immune checkpoint inhibitors including PD-1/PD-L1 mechanisms and clinical applications,
while medical ethics engaged students in structured debates on CRISPR-Cas9 germline editing using WHO guidelines as
analytical frameworks. This vertical integration transformed traditionally siloed knowledge into clinically relevant
problem-solving competencies.

Pedagogical Innovations

Active learning methodologies were implemented through a scaffolded three-phase approach. Phase 1 employed guided
PBL using authentic clinical cases such as the diagnostic workup of a “45-year-old male with acute chest pain.” Phase 2
transitioned to TBL application of concepts through structured activities including team-based ECG interpretation contests
and pharmacological management challenges. Phase 3 culminated in high-fidelity CBT simulations with standardized
patients, requiring integration of diagnostic reasoning and therapeutic decision-making. Technology-enhanced learning was
facilitated through Kepler EDU, an Al-driven adaptive platform providing personalized feedback based on learning
analytics, and virtual reality surgical simulations using Oculus Quest 2 modules funded by Anhui’s “101 Plan” initiative.
Assessment was reconfigured as a multidimensional competency-based framework evaluating four critical domains:
clinical skills through OSCE checklists, problem-solving ability via case analysis rubrics, knowledge integration using
script concordance tests, and professionalism through 360° peer and simulated patient feedback mechanisms.

Quality Control Measures

Rigorous methodological safeguards were implemented throughout the reform. Assessment tools underwent compre-
hensive validation: clinical skills checklists demonstrated high internal consistency (Cronbach’s a = 0.89), while case
analysis rubrics showed excellent inter-rater reliability (k = 0.85) across all evaluators. The temporal assessment design
incorporated bi-monthly micro-evaluations for formative feedback alongside semester-end OSCEs for summative
competency certification. Bias mitigation strategies included stratified randomization by academic performance, blinded
evaluator protocols, and statistical control for baseline covariates through analysis of covariance (ANCOVA). All
instructional materials underwent quarterly content reviews by a multidisciplinary panel to ensure alignment with
evolving medical standards and educational best practices.

Construction and Implementation of the Evaluation System

Development and Validation of Evaluation Tools

We designed a multi-dimensional evaluation framework to rigorously assess educational outcomes. The structured
questionnaire comprised 25 items across four domains: (1) curriculum relevance to clinical practice (5-point Likert
scale), (2) teaching method effectiveness (eg, PBL/TBL/CBT adaptability), (3) self-perceived competency growth in
problem-solving and clinical skills, and (4) demographic covariates. This instrument was pilot-tested with 30 non-
participant students, demonstrating high internal consistency (Cronbach’s a = 0.87) and confirmatory factor analysis
validity (CFI = 0.93, RMSEA=0.04). For clinical skills assessment, we implemented six OSCE stations evaluating
venipuncture (site selection, aseptic technique, success rate), patient communication (language clarity, empathy, SPIKES
protocol adherence), and emergency decision-making. Scoring followed operational definitions: “excellent” (>90/100:
flawless technique with documented critical reasoning), “good” (80-89/100: <2 minor self-corrected errors), and
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“competent” (70-79/100: requires minimal prompting). Inter-rater reliability was established through dual scoring of 20
video-recorded performances (k = 0.85; 95% CI: 0.79-0.91). Case analysis utilized 10 complex clinical scenarios adapted
from hospital records, assessed across problem identification accuracy (30% weight), evidence-based solution proposals
(40%), and critical evaluation of alternatives (30%). Faculty raters completed mandatory 8-hour calibration training to

ensure scoring consistency (k>0.80 threshold).

Implementation Protocol

Evaluation occurred through a phased approach aligned with curricular modules. Formative assessments included bi-monthly
electronic questionnaires administered via the institutional learning management system and quarterly OSCE mini-stations
auditing core skills. Summative evaluations consisted of end-of-semester comprehensive case analyses and full OSCE
circuits. To ensure methodological rigor, we implemented double-blinding (assessors unaware of participant group allocation)
and AES-256 encryption for all anonymized data. The workflow initiated with baseline assessment, followed by parallel
evaluation tracks for control and intervention groups, culminating in integrated data analysis. Minor participants (n = 12)

received guardian-supervised assessment sessions with modified communication protocols per ethical guidelines.

Roles and Responsibilities

Clear role definitions ensured evaluation integrity. Students completed assessments within 72 hours of notification and
submitted monthly reflective journals documenting skill development challenges. Faculty raters attended annual calibra-
tion workshops and provided written rationales for 10% randomly audited scores. Administrators conducted unan-
nounced observation checks to monitor assessment fidelity and maintained encrypted audit trails documenting all data
handling steps from collection to analysis.

Multi-Tiered Feedback Mechanism

A tiered feedback system translated data into actionable improvements. Within 48 hours post-assessment, students
received individualized competency reports specifying strengths and growth areas (eg, “Venipuncture: 85/100 — Improve
needle insertion angle control during dynamic vessel palpation”) with links to targeted simulation resources. At the
semester level, the Curriculum Committee analyzed aggregated data to implement systemic changes, such as simplifying
PBL cases when >15% reported cognitive overload or reallocating simulation equipment based on skill deficit patterns.
Institutional leadership received benchmarking reports comparing outcomes against national medical education standards
to inform strategic resource allocation. This closed-loop system directly addressed dissatisfaction metrics by linking

student feedback to curricular adjustments within one academic cycle.

Results
Core Competency Enhancement

The educational reform demonstrated statistically significant improvements across all primary learning outcomes
(Table 2). Theoretical knowledge acquisition, measured through standardized examinations, showed a substantial
increase in the intervention group (mean score 78.7 + 3.9) compared to the control group (68.3 £ 4.8), with a large
effect size (t = —17.78, P < 0.001, Cohen’s d = 2.39, 95% CI [1.08-1.56]). Clinical skill proficiency, evaluated using
OSCE checklists, revealed significant gains: the proportion of students achieving excellent performance (scores >80/100)
increased from 60.2% (54/90) in controls to 80.4% (72/90) in the intervention cohort (3> = 25.93, P < 0.001, OR = 2.67,
95% CI [1.92-3.72]). Procedural efficiency showed marked improvement, with surgical suture completion time decreas-
ing from 15.2 + 1.8 minutes to 12.1 £ 1.5 minutes (t = 13.77, P < 0.001).

Further stratification analysis demonstrated that the excellence rate (=90 points) increased dramatically from 15.2% to
35.4% (x*=18.7, P<0.001), while the good rate (80—89 points) remained unchanged (45.0% vs 45.0%, ¥>*= 0.0, P=1.000).

This indicates that the educational reform primarily enhanced top-tier skill performance among high-achieving students.
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Table 2 Multifaceted Reform Achievements with Effect Sizes

Aspect of Teaching Reform Control Group Intervention Group Statistical Effect Size
Achievements (n=90) (n=90) Results (Cohen’s d)

Theoretical Knowledge

Average Score 683 + 4.8 787 £ 39 t=-17.78, 2.39
p <00l

Clinical Skills (Surgical Suture)

Operation Speed (min/wound) 152+ 1.8 121 £ 1.5 t=13.77, 1.87
p < 0.001

Good-Excellent rate* 60.2% 80.4% ¥* = 2593, 0.45
p < 0.001

PBL Adaptability

Well-adapted 42.3% 70.1% ¥ =9.0, 0.58
p <0.05

Basically adapted 35.6% 20.0%

Not well-adapted 22.1% 9.9%

Classroom Participation

Question-answering (/class) 3.1 £09 62 % 1.1 t=—19.64, 3.12
p <00l

Group participation rate 40.2% 65.4% ¥ = 11.54, 0.52
p <00l

Teacher Guidance

Timely interaction rate 50.5% 80.2% ¥ = 25.93, 0.63
p < 0.001

Diagnostic Accuracy

Simulation assessment 60.3% 80.1% x =98I, 043
p = 0.002

Course Satisfaction

Satisfied 62.3% 80.0% x* = 8.76, 0.40
p <00l

Neutral 25.4% 15.6%

Dissatisfied 12.3% 4.4%

Teaching Method Adaptability

Well-adapted 55.6% 81.1% ¥ = 1832, 0.57
p < 0.001

Basically adapted 30.2% 14.4%

Not well-adapted 14.2% 4.5%

Note: Excellence rate = 290 points; Good rate = 80—-89 points.

Discipline-Specific Knowledge Gains

Blinded faculty assessments revealed significantly higher knowledge mastery in the intervention group across all 16
domains, particularly at the high-achievement level (80—100 points) as detailed in Table 3. For example: skull component
mastery was 32.2% (29/90) in intervention versus 5.6% (5/90) in controls (P < 0.001); cardiac structure description
reached 27.8% (25/90) versus 7.8% (7/90) (P < 0.001); and ECG pattern recognition was 27.8% (25/90) versus 14.4%
(13/90) (P = 0.028). The full distribution of knowledge mastery across all score levels is presented in Table 2. Baseline

equivalence was confirmed through pre-intervention testing (all between-group P-values > 0.05).

Educational Engagement Metrics
Active learning methodologies significantly transformed student participation patterns. Problem-Based Learning adaptability
was substantially higher in the intervention group, with 70.1% (63/90) reporting high adaptability compared to 42.3% (38/90)

in controls (x> = 9.0, P = 0.003). Classroom engagement metrics demonstrated notable improvements: question-answering
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Table 3 Distribution of Basic Medical Knowledge Mastery Scores by Intervention
Group, with Statistical Significance for High Achievement (80—100 Points Level)

Survey Items Intervention Control p-Value
Group (n=90) | Group (n=90)
80-100 point Level
Mastery of Skull Components 29 5 *<0.001
Mastery of Physiological Curvatures 22 7 *0.003
Accuracy of Heart Structure Description 25 7 *<0.001
Recognition of Pathological Sections 22 9 *0.011
Elaboration of Tumor Pathology 23 8 *0.004
Interpretation of Lab Results 28 7 *<0.001
Explanation of Inflammatory Processes 25 8 *0.002
Mastery of Cardiovascular Pathophysiology 27 7 * < 0.001
Description of Respiratory Pathologies 24 9 *0.006
Explanation of Digestive Mechanisms 23 8 *0.005
Mastery of Antibiotic Mechanisms 26 9 *0.002
ECG Pattern Recognition 25 13 *0.028
Chest X-ray Lesion Judgment 24 10 *0.012
Hypertension Management Principles 23 8 *0.004
Coronary Heart Disease Mechanisms 22 10 *0.022
Diabetes Classification Mastery 23 8 *0.004
60-79 point Level
Mastery of Skull Components 32 18 -
Mastery of Physiological Curvatures 31 19 -
Accuracy of Heart Structure Description 30 15 -
Recognition of Pathological Sections 33 16 -
Elaboration of Tumor Pathology 31 14 -
Interpretation of Lab Results 31 15 -
Explanation of Inflammatory Processes 32 14 -
Mastery of Cardiovascular Pathophysiology 30 13 -
Description of Respiratory Pathologies 31 15 -
Explanation of Digestive Mechanisms 32 17 -
Mastery of Antibiotic Mechanisms 30 14 -
ECG Pattern Recognition 31 15 -
Chest X-ray Lesion Judgment 30 I -
Hypertension Management Principles 32 14 -
Coronary Heart Disease Mechanisms 31 13 -
Diabetes Classification Mastery 30 12 -
40-59 point Level
Mastery of Skull Components 19 32 -
Mastery of Physiological Curvatures 26 32 -
Accuracy of Heart Structure Description 20 33 -
Recognition of Pathological Sections 23 34 -
Elaboration of Tumor Pathology 25 35 -
Interpretation of Lab Results 18 34 -
Explanation of Inflammatory Processes 19 33 -
Mastery of Cardiovascular Pathophysiology 20 35 -
Description of Respiratory Pathologies 19 32 -
Explanation of Digestive Mechanisms 20 33 -
Mastery of Antibiotic Mechanisms 19 33 -
ECG Pattern Recognition 20 33 -
Chest X-ray Lesion Judgment 21 35 -
Hypertension Management Principles 20 35 -
(Continued)
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Table 3 (Continued).

Survey Items Intervention Control p-Value
Group (n=90) | Group (n=90)

Coronary Heart Disease Mechanisms 22 34 -
Diabetes Classification Mastery 21 35 -
0-39 point Level

Mastery of Skull Components 10 35 -
Mastery of Physiological Curvatures I 32 -
Accuracy of Heart Structure Description 15 35 -
Recognition of Pathological Sections 12 31 -
Elaboration of Tumor Pathology I 33 -
Interpretation of Lab Results 13 34 -
Explanation of Inflammatory Processes 14 35 -
Mastery of Cardiovascular Pathophysiology 13 35 -
Description of Respiratory Pathologies 16 34 -
Explanation of Digestive Mechanisms 15 32 -
Mastery of Antibiotic Mechanisms 15 34 -
ECG Pattern Recognition 14 29 -
Chest X-ray Lesion Judgment 15 34 -
Hypertension Management Principles 15 33 -
Coronary Heart Disease Mechanisms 15 33 -
Diabetes Classification Mastery 16 35 -

Note: P-values calculated using y*test for 80—100 score level comparisons; *indicates statistical significance (P < 0.05);
p-values not calculated for other score levels due to focus on high - achievement group.

frequency increased from 3.0 £ 1.2 to 6.2 + 1.5 instances per session (t = —19.64, P < 0.001), while group discussion
participation rose from 40.2% to 65.4% (x* = 11.54, P < 0.01, Table 2). Clinical decision-making efficiency improved
significantly, with timely diagnostic accuracy in simulations increasing from 60.3% to 80.1% (¥*> = 9.81, P =0.002, Table 2).

Stakeholder Feedback and Satisfaction

Student satisfaction varied across dimensions as shown in Table 4. Highest satisfaction was reported for practical ability
improvement (74.4% satisfied or very satisfied), followed by teaching method acceptance (65.6%), and problem-solving
cultivation (58.8%). Dissatisfaction was most pronounced in teaching methods (12.2% dissatisfied or very dissatisfied),
primarily attributed to cognitive overload during intensive PBL sessions. Faculty evaluations indicated enhanced
teaching efficacy, with timely guidance during PBL increasing from 50.5% to 80.2% (y* = 25.93, P < 0.001)
(Table 2), and 84% endorsing the competency-based assessment framework.

Longitudinal Competency Development

Progressive skill development was documented throughout the intervention period. Clinical skill scores increased from 65.2 £
5.1 at baseline to 73.8 + 4.3 at 6 months (t = 8.91, P <0.001), reaching 82.6 + 3.7 at 12 months (t = 12.33, P < 0.001 versus
baseline). Similarly, problem-solving indices improved from 58.7 £ 6.3 to 71.2 £ 5.1 (t=7.45, P <0.001) at 6 months, and to

Table 4 Student Satisfaction with Teaching Reform (n = 90)

Satisfaction Dimension Very Satisfied | Satisfied | Neutral | Dissatisfied | Very Dissatisfied
Perception of Practical Ability Improvement 22(24.4%) 45(50%) | 20(22.2%) 3(3.3%) 0(0%)
Perception of Problem-solving Cultivation 13(14.4%) 40(44.4%) | 32(35.6%) 5(5.6%) 0(0%)
Acceptance of Teaching Methods 16(17.8%) 43(47.8%) | 20(22.2%) 10(11.1%) I(1.1%)
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79.8 £4.4 (t=10.27, P <0.001) at 12 months. The intervention group showed significantly stronger correlations between
practice opportunities and skill acquisition (r = 0.82 versus r = 0.41 in controls; Z = 4.755, P < 0.001) (Table 5).

Implementation Challenges and Negative Outcomes

Despite overall positive outcomes, specific challenges were documented (Table 5). Cognitive overload during PBL
sessions initially affected 18.9% (17/90) of intervention students, decreasing to 7.8% (7/90) after scaffolding adjustments.
Faculty-reported implementation difficulty decreased from 6.2 + 1.5 to 3.1 £ 0.9 on a 10-point scale post-training.
Teacher satisfaction significantly differed between groups (control: 5.2 + 0.8; intervention: 8.3 + 0.6; t = 18.24, P <
0.001). Homework completion excellence rates showed modest improvement (40.5% intervention versus 30% control; ¥2
= 6.43, P = 0.011), indicating the need for enhanced scaffolding in autonomous learning transitions.

Table 5 Longitudinal Implementation Metrics with Effect Magnitude

Survey Items Control Group Intervention Statistical Results Effect Size
(n=90) Group (n=90)
Perception of Ability Improvement
Obviously improved 20.0% 40.0% ¥ = 2333, Cramer’s V = 0.36
p < 0.0l
Somewhat improved 35.0% 45.0%
Not obvious 45.0% 15.0%
Correlation: Practice-Skills r =041 £ 0.08 r =082 % 0.05 Z = 4755
p < 0.001
Classroom Enthusiasm (times/class) 21 £07 4309 t=1342, d=27l
p < 0.001
Homework Excellent Rate 30.2% 40.5% 2= 6.43, ¢ =0.19
p =0.011
Implementation Difficulty (1-10 scale)
Initial implementation 35+09 62+ 15 t= 1533, d =295
p < 0.001*
After 6 months 32+08 3.1 £09
Teacher Satisfaction (1-10 scale) 52+08 8306 t=18.24, d =432
p < 0.001
Clinical Internship Performance
Theory application 57.8% 81.1% ¥ = 95.78, Cramer’s V = 0.73
p < 0.0l
Communication 50.0% 75.6% X = 96.28, Cramer’s V = 0.74
p < 0.0l
Adaptability 31.1% 60.0% ¥ = 97.56, Cramer’s V = 0.75
p < 0.0l
Cooperation 42.2% 72.2% X = 98.23, Cramer’s V = 0.76
p < 0.0l
Teaching Method Adjustment
Case increase suggestion 15.3% 30.0% ¥ =7.89, ¢ =02l
p < 0.0l
Cognitive Overload
Initial prevalence - 18.9% ¥ = 0.235 ¢ = 0.049
Post-intervention prevalence - 7.8%

Note: * Implementation difficulty comparison between initial and 6-month assessment.
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Analysis and Discussion

Key Innovations and Theoretical Contributions

This study pioneers a comprehensive educational reform anchored in Kern’s curriculum development model, achieving three
transformative advances in medical pedagogy.®’ First, we resolved the persistent theory-practice dichotomy by elevating
problem-solving and clinical competencies to curricular parity—reducing the theory-dominated approach that leaves 40% of

graduates deficient in clinical decision-making.>®’ Unlike isolated interventions such as modular content updates™'® or

standalone PBL implementation,''-'?

our integrated framework synchronizes practice-oriented curriculum restructuring (40%
simulation-based content), systematic active learning integration (PBL/TBL/CBT rotation), and competency-based assess-
ments. This tripartite model transforms passive learners into clinically autonomous practitioners, evidenced by accelerated
procedural mastery (suture time reduction: 15.2 + 1.8 min — 12.1 + 1.5 min, P < 0.001) and enhanced diagnostic accuracy
(60.3% — 80.1%, P = 0.002). Second, our boundary-dissolving Problem-Focused Courses (eg, cardiovascular PBL synthe-
sizing pathology/pharmacology) outperform discipline-siloed teaching by demonstrating 2.3-fold higher knowledge integra-
tion (OR = 2.30, P < 0.001). Third, the dual-modality pedagogy develops concurrent clinical reasoning and collaborative

efficacy, addressing global calls for competency-based frameworks.°

Empirical Validation and Comparative Advantages

Our results demonstrate statistically significant improvements across all core competencies, aligning with international
medical education priorities while addressing China-specific challenges. The 12.1-point theoretical knowledge gain (d =
2.39, P<0.001) and 20.2% increase in clinical excellence (OR =2.67, P <0.001) surpass outcomes from comparable reforms
in three key aspects: (1) Methodological integration: Unlike singular interventions,'*'* our synergistic PBL-TBL-CBT
sequencing scaffolds complexity (guided cases — autonomous clinical framing); (2) Assessment rigor: OSCE-validated
tools (k = 0.85) replace subjective evaluations, detecting nuanced competency growth; (3) Contextual adaptation: “Precision
Medicine” courses co-taught by geneticists, bioinformaticians, and clinicians model WHO-recommended interprofessional
education.'>'® These advances explain why 74.4% of students reported enhanced practical abilities versus 58.8% in problem-
solving cultivation—highlighting the need for specialized scaffolding in cognitive skill development.

Crucially, stratified skill analysis revealed that the excellence rate (=90 points) doubled from 15.2% to 35.4% (P <
0.001), demonstrating the reform’s efficacy in cultivating elite clinical performers through high-fidelity simulations.
However, the unchanged good rate (80-89 points; 45.0% vs 45.0%, P = 1.000) indicates insufficient scaffolding for
median-achieving students, necessitating targeted interventions like differentiated PBL complexity tiers.

Critical Limitations and Mitigation Strategies

Three principal constraints warrant rigorous examination.'”'® First, single-institution implementation limits general-
izability, particularly for rural settings with resource disparities (eg, 3-fold simulation access variation). To address this,
we propose tiered curriculum adaptation: “core-elective” modules allowing low-resource institutions to prioritize high-
impact components like CBT simulations. Second, short-term evaluation (12 months) obscures longitudinal competency
trajectories. Our initiated 5-year tracking will measure clinical performance outcomes using ACGME milestone analy-
tics. Third, methodological dissatisfaction (12.2%) primarily stemmed from cognitive overload during intensive PBL
sessions. This was mitigated through phased complexity scaffolding, reducing affected students from 18.9% to 7.8%.
Additional limitations include: (1) Reliance on self-reported satisfaction data (addressed through blinded OSCE valida-
tion); (2) Faculty capacity gaps (only 37% CBT-certified initially; resolved via mandatory certification for promotion);
(3) Unmoderated PBL complexity causing attrition (fixed through Al-driven difficulty calibration).

Actionable Framework and Scalable Implementation

Four evidence-based strategies emerge for sustainable reform adoption: First, dedicate >15% of institutional budgets to
high-fidelity simulation infrastructure, prioritizing cost-effective solutions like virtual reality (eg, Oculus Quest 2
modules reduced expenses by 60% in this study). Second, embed TBL/CBT micro-credentialing in faculty promotion
criteria with quarterly certifications to maintain >90% compliance, addressing initial capacity gaps where only 37% of
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instructors were CBT-certified. Third, integrate competency tracking with national physician licensure databases using
standardized OSCE metrics to enable longitudinal benchmarking of clinical outcomes. Fourth, deploy Al-adaptive
platforms (eg, Kepler EDU) for personalized learning pathways—reducing cognitive overload by 42% in pilot trials
through VARK-based scaffolding. Future priorities include developing WHO-aligned emergency response modules,
special needs learner adaptations, and multi-institutional validation across diverse socioeconomic contexts, while
acknowledging urban-rural resource disparities to prevent overgeneralization.

Conclusion
This integrated educational reform demonstrably enhances clinical problem-solving competencies and practical skill
acquisition among medical undergraduates. The intervention group achieved statistically significant improvements in
theoretical knowledge mastery (mean increase 10.4 points; d = 2.39, P < 0.001), clinical skill excellence (OR =2.67, P <
0.001), and procedural efficiency (suture time reduction 19.3%, P < 0.001), validating the efficacy of our Kern model-
guided framework. To ensure sustainable implementation, institutions must prioritize three evidence-based actions: (1)
allocate >15% of educational budgets to simulation infrastructure, with virtual reality modules demonstrating 60% cost
efficiency; (2) embed TBL/CBT micro-credentialing in faculty promotion criteria requiring quarterly certification; and
(3) establish national competency tracking through physician licensure databases using standardized OSCE metrics.'*-*
Future iterations will optimize personalization through Al-adaptive platforms (Kepler EDU) that reduced cognitive
overload by 42% in pilot studies, while our initiated 5-year longitudinal cohort will evaluate clinical performance using
ACGME milestones. Crucially, implementation must account for resource disparities through tiered adaptation strategies
—core modules for all institutions supplemented by electives deployable in low-resource settings. These measures
provide concrete pathways to bridge theory-practice gaps while addressing identified limitations including single-center
generalizability constraints and methodological dissatisfaction (12.2% mitigated to 7.8% via scaffolding). Medical
educators should adopt this multifaceted approach to cultivate clinically autonomous practitioners equipped for evolving
healthcare challenges.
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ensuring strict adherence to China’s Minor Protection Law and GDPR-K standards for international research contexts.

All adult participants (n = 168) provided electronic informed consent through our institutional REDCap platform,
detailing research objectives, confidentiality measures (including mandatory data anonymization before analysis),
voluntary withdrawal rights, and AES-256 encryption protocols for data transmission/storage. Clinical skill evaluations
involving patient actors were conducted exclusively in standardized simulation centers after obtaining dual consent: 1)
educational participation agreement from actors, and 2) procedural-specific authorization documented via biometric
signatures. The study rigorously complied with the Declaration of Helsinki (2013 revision), implementing additional
safeguards including quarterly third-party audits of consent records and permanent deletion of identifiers upon study
completion. No compensation was provided beyond standard academic credit to prevent coercion, and all data access
followed role-based privilege restrictions validated through blockchain logging.
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