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Background: Residency training provides systematic, competency-based education for medical graduates. Although specialised
knowledge and clinical skills are crucial in pediatric cardiology, training in China is often limited to 2—-3 months with lecture-
heavy approaches. We explored integrating clinical pathway(CP) and case-based learning (CBL) models to enhance training
efficiency.

Methods: The study involved 47 second-year pediatric trainees in Guangdong Provincial People’s Hospital (2021-2024),
randomly divided into a traditional teaching (TT) group and a CP-CBL group. Both groups underwent a 3-month training
period, with no significant baseline differences (age: 21.6 = 1.2 vs 22.1 + 0.8 years; eight male trainees/group). The TT group
received conventional lectures and ward-based learning. In the CP-CBL group, standardized instruction for common diseases
was delivered through CP, whereas atypical/complex cases were taught with CBL. Both groups covered identical syllabus and
duration. Outcomes were assessed through a theoretical test, case analysis, and an anonymous trainee questionnaire with
a 5-point Likert scale. Group means were compared using Welch’s t-tests (a = 0.05) in R software (significance level: p <
0.05).

Results: Among 47 pediatric trainees, 24 (51.1%) were assigned to the CP-CBL group. No significant differences in age,
experience, or prior CP-CBL exposure were observed between groups. All trainees completed the rotation exam. The CP-CBL
group outperformed the TT group in comprehensive assessments (case analysis + theory exams), with 37.5% vs 4.3% of trainees
scoring >90 points respectively. Trainees in the CP-CBL group reported higher satisfaction with learning interest (p < 0.01) and
perceived skill improvement (p < 0.01), but no significant differences in course organisation (p = 0.49) or instructor performance
(p = 0.79).

Conclusion: In pediatric cardiology training, CP-CBL outperformed TT in both knowledge acquisition and learner engagement.
Keywords: pediatric education, clinical pathway, CBL teaching mode, cardiology

Key Messages
What is already known on this topic:

The limited pediatric cardiology rotation time, excessive lectures, and faculty shortage hinder training effectiveness.
Innovative residency models are urgently needed.

What this study adds:

e The study established the first structured clinical pathway(CP) list for pediatric cardiology training and integrated it
with case-based learning(CBL) in a detailed workflow, demonstrating its application in standardized residency
education.

¢ [t used subjective and objective evaluations to confirm CP-CBL’s effectiveness over TT.
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How this study might affect research, practice, or policy:
e The study provides a validated CP-CBL training model that can standardize pediatric cardiology education and
inform residency program reforms.
e [ts dual focus on structured CPs and active learning offers a transferable framework for both medical training
policies and practical curriculum development.

Introduction

Standardized training of resident physicians, known as “residency training”, involves systematic, competency-based educa-
tion for medical trainees after they finish their formal training at accredited institutions.'** During training, physicians engage
in comprehensive educational activities that help them effectively apply theoretical knowledge to clinical practice, enhancing
their learning abilities and improving the quality of medical education. In pediatric training, cardiology is a highly specialised
field that requires trainees to have a comprehensive understanding of clinical knowledge such as cardiac anatomy and
hemodynamics, making clinical teaching crucial in the training process.’ However, only a few top-tier hospitals in China offer
subspecialty training in pediatric cardiology, and the duration of training for residents in the department typically lasts only
2-3 months. The constrained duration of clinical rotations, compounded by excessive emphasis on didactic lectures and
a shortage of qualified teaching faculty, has substantially impeded the effective achievement of training objectives. There is an
urgent need for innovative residency training models to address the challenges.

While the traditional teaching(TT) model can a priori ensure homogeneous delivery of key knowledge to all trainees, it often
struggles to accommodate the typically diverse backgrounds and learning abilities among trainees. Such teaching models are
usually implemented through large-class lectures and didactic instruction.* The clinical pathway (CP) provides a systematic
method for creating and executing local care protocols with evidence-based clinical guidelines.” The CP standardizes disease
management and makes medical diagnosis more systematic and scientific. Since its introduction, CP has been incorporated into
medical education. The CP teaching model facilitates trainees’ comprehension of clinical knowledge, promotes standardized
practices, and streamlines teaching methodologies.® CP model guides trainees in accordance with international guidelines and
evidence-based medicine, facilitating more effective acquisition of new knowledge while reducing variability caused by
differences in instructors, teaching methodologies, and training programs.” Some medical education studies have demonstrated
that the CP model can improve residents’ confidence and knowledge in managing specialty-specific diseases (such as in
gynecology, burn care, respiratory medicine, etc) during their specialized training.* '® Case-based learning (CBL) is a small-
group teaching method using cases to learn clinical problems under teacher guidance.'' Research demonstrates that CBL
significantly improves trainees’ clinical knowledge acquisition and skill development, while positively influencing their practical
behaviors and teamwork competencies, thereby representing an effective pedagogical approach for adult medical education.'* '

The CP-CBL model integrates structured concept presentation with active, student-centered CBL, fostering problem-
solving through real-world scenarios; research has demonstrated its effectiveness in improving trainees’ learning
performance.®” While in TT model trainees are passive recipients of information, in CP-CBL they collaboratively
analyze cases, dynamically applying concepts with instructor guidance. However, there is limited literature on the
implementation of CP-CBL model in pediatric cardiology education. This study aimed to compare the efficacy of CP-
CBL versus TT in clinical skill development, and evaluate whether CP-CBL’s active learning approach enhances
problem-solving abilities in real-world scenarios—addressing gaps in traditional pedagogy in pediatric cardiology.

Materials and Methods

Participants
The study population comprised all eligible second-year pediatric residents undergoing standardized training at the
department of Pediatric Cardiology in Guangdong Provincial People’s Hospital(GDPH) from 2021 to 2024. Participants
were consecutively enrolled based on the following criteria:

Inclusion criteria: (1) Active enrollment in the pediatric residency program; (2) Completion of the rotation of 3
months; (3) No prior exposure to CP-CBL methodology; (4) Willingness to provide informed consent. Exclusion criteria:
(1) Planned rotation transfers during the study period; (2) Incomplete pre- or post-assessment data.
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Group allocation followed the institution’s rotation schedule. We enrolled 2-3 new pediatric residents quarterly, who
were then assigned to two groups: TT group received instruction through conventional methods and the CP-CBL group
received training with CP-CBL methods. We evaluated participants’ baseline familiarity with pediatric cardiology and CP-
CBL model using a pre-training survey. Comparative analysis revealed no statistically significant intergroup differences.

The ethical review committee of GDPH granted approval for our research (project number KY2025-232-01). We
secured written informed consent from all participants involved in this study.

Teaching Intervention

TT Model

All enrolled trainees from both study cohorts completed the standardized pediatric curriculum, which encompassed core
subspecialty modules including pulmonology, gastroenterology, urology, endocrinology, rheumatology, and cardiology.
Trainees typically completed 2—3 month clinical rotations in each specialty department. They received daily clinical skills
instruction from attending physicians in ward settings. The TT model follows a teacher-centered approach, where
instructors determine the core content of instruction based on the syllabus. The curriculum focuses on standard pediatric
cardiology topics (encompassing etiological definitions, pathophysiological mechanisms, symptomatic presentations,
diagnostic criteria, and therapeutic interventions). Six 45-minute didactic sessions are delivered during the clinical
rotation, with no structured discussion components integrated. A full evaluation is usually performed post-rotation to
assess both theoretical knowledge and clinical skills.

CP-CBL Model

The mentor team first develop a CP list based on the teaching syllabus, currently focusing on four common pediatric
cardiovascular conditions: ventricular septal defect, atrial septal defect, pulmonary stenosis, and Patent Ductus Arteriosus
(PDA). Upon trainees’ department orientation, mentors conduct in-depth instruction following this list, systematically
covering key aspects including history taking, clinical feature analysis, diagnostic method selection, and pre-/post-
operative management protocols at designated time points (Figure 1).

During the first month of ward rotations, trainees participated in managing cases that qualify for CPs, applying the list
in practice to master standardized treatment protocols and understand routine clinical decision-making processes and
evidence-based management strategies. After the second month in the department, trainees began managing more
complex cases that do not qualify for standard pathways. For example, PDA with severe pulmonary hypertension,
while included in the four-disease list, requires a different approach, prompting mentors to transition to CBL model.

The CBL curriculum incorporates multiple classic cases and structured modules developed through consensus among
pediatric cardiologists. Instructors first pose targeted clinical questions based on current patients, following established
CBL templates - for instance: “What caused this patient’s pulmonary hypertension?” “Does the patient still meet surgical
criteria?” “What diagnostic tests are indicated?” Trainees then work in groups to conduct literature reviews and textbook
analyses, collaboratively collecting complete medical histories, systematically documenting clinical features, and eval-
uating advanced diagnostic techniques like cardiac catheterization and CT angiography.

The CBL model particularly emphasizes detailed hemodynamic parameter analysis - including oxygen saturation
gradients, pulmonary artery pressures, and vascular resistance measurements. Group discussions facilitate multidimen-
sional case analysis, enabling trainees to correlate empirical findings with theoretical knowledge and collaboratively
interpret complex pathophysiological mechanisms. Throughout case management, instructors organize periodic progress
reviews where trainees analyze case evolution. Table S1 provides a comparison between the TT model and CP-CBL model.

Evaluation
The primary objective of assessing the CP-CBL model was to determine its comparative efficacy relative to the TT
model. The evaluation included two parts: (1) a departmental stage exam for objective assessment and (2) an anonymous
trainee questionnaire about the two models.

In the department rotation exam, all trainees answered the same questions. The exam included theoretical tests and
case analyses, each worth 50% of the final score. Two instructors from the pediatric cardiology department, unaware of
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1. Collection and Summary of Clinical Features

@ Collect medical history (current, past, family history, etc.).

@ Perform comprehensive physical examination (general and cardiovascular-specific).

. 2. Definitive Diagnosis of Cardiovascular Disease

Preoperatlve @ Accurate selection of key diagnostic tests (e.g., ECG, echocardiography, et al).
@ Interpretation of test results (integrated with clinical analysis).
3. Determination of Surgical Indications
@ Combine medical history and diagnostic test results.
@ Determine treatment approach (e.g., interventional treatments, surgery) and indications.

1. Interpretation of Intraoperative Test Results
@ Monitoring of intracardiac pressures.

¢ @ Monitoring of blood oxygen saturation.

2. Observation of Intraoperative Complications

I ntraoperative @ Cardiac observation under echocardiography and fluoroscopy.
@ Monitoring of vital signs (blood pressure, heart rate, ECG, etc.).
3. Administration of Common Intraoperative Medications

@ Antibiotics (infection prevention).

@ Anticoagulants (thrombosis prevention).

1. Observation of Postoperative Complications
@ Management of arteriovenous puncture sites (hemostasis, disinfection, dressing, etc.).
@ Monitoring wound healing (e.g., bleeding, infection).

¢ 2. Arrangement of Postoperative Tests
@ Timely scheduling of key diagnostic tests (e.g., ECG, echocardiography, blood tests).
H Interpretation of test results (evaluation of surgical outcomes and recovery).
Postoperative s ‘ : .

3. Use of Postoperative Medications

@ Indications for anticoagulants (thrombosis prevention).

@ Dosage and timing adjustments (tailored to patient condition).
4, Determination of Discharge Timing

Judging discharge criteria (stable vital signs, well-healed wounds, absence of complications).

Figure | Clinical pathway list of pediatric heart disease.

the trainees’ group, graded the exams. The theoretical tests used standardized questions and difficulty levels. The case
analyses were based on specific chief complaints. Trainees asked questions from standardized patients, and instructors
evaluated their performance on the basis of a scoring rubric (see Appendix 1 for details).

The anonymous questionnaire asked trainees to rate four aspects of the teaching models: satisfaction with the course
arrangement, the instructors, self-perceived improvement, and interest in learning. A 10-item questionnaire was given to trainees
after the course to gather feedback using a 5-point Likert scale. Detailed information about the questionnaire is available in
Appendix 2. The trainees were queried regarding their overall satisfaction with the duration and format of the course. They also
provided evaluations of the instructors’ teaching performance. In addition to objective test scores, we assessed the trainees’
satisfaction with their perceived improvements. The questionnaire also explored whether the course had enhanced the trainees’
enthusiasm, awareness, and interest in learning pediatric cardiology. Scores were standardized prior to comparison. Three
pediatric cardiology experts evaluated the questionnaire’s content validity, with all items demonstrating excellent I-CVI
scores (1.0).

Statistical Analysis

Descriptive and inferential statistical analyses were conducted to compare learning outcomes between the two experi-
mental groups. For each target variable (theory test, case analysis, total score, satisfaction with the course arrangement,
the instructors, self-perceived improvement, and interest in learning), we calculated group-wise means, standard
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Table | Distribution and Demographic Characteristics of the Two Groups

TT Group (n=23) | CP-CBL Group (n=24)
Age 21.5x1.2 22.1+0.8
Female/Male 15/8 16/8
Work experience>| year/<l|year 2/21 1723
Familiarity with pediatric cardiology (yes/no) 0/23 0/24
Familiarity with CP-CBL (yes/no) 0/23 0/24

Abbreviations: TT, traditional teaching; CP-CBL, clinical pathway and case-based learning.

deviations, and sample sizes. Independent samples t-tests using Welch’s approximation (to account for potential variance
inequality) were employed to assess significant differences between two groups. All analyses were performed as two-
tailed tests with o =0.05 using R statistical software (version 4.3.2), utilising the dplyr, tidyr, and readxl packages for data
manipulation and analysis. Results are presented with t-statistics, p-values, and accompanying effect size information

through group mean differences and variability measures. Statistical significance was defined as p < 0.05.

Results

Participants’ Distribution and Demographic Characteristics

From the eligible population, 47 residents met all criteria and were included in the final analysis (TT group=23, CP-CBL
group=24), representing 95.9% of the target cohort (n=49). All trainees in both groups underwent training for 3 months.
The remaining 2 trainees were excluded due to incomplete assessment. The two groups exhibited a balanced demo-
graphic distribution (Table 1). No significant disparities were observed in terms of age, professional tenure, or prior
acquaintance with pediatric cardiology and CP-CBL models across the two groups. The mean age of trainees within the
TT group was 24.25 years, closely mirroring that of the CP-CBL group. Of the participants, 66.7% were female, and all
trainees in both groups exhibited greater familiarity with TT model. All participants lacked formal education in pediatric
cardiology and had no prior case experience in this specialty before the rotation. The flow chart is shown in Figure 2.

trainees at pedlatrl(;izrg)lology department TT model

exclusion for incomplete
assessment(n=2)

CP-CBL model

TT group CP-CBL group
(n=23) (n=24)

« Entry: CP list training
» Month 1: Pure CP model
» Month 2: Hybrid CP-CBL model

theoretical tests  case analysis anonymous questionnaire

Figure 2 Flowchart depicting the categorization of the study population.
Abbreviations: TT, traditional teaching; CP-CBL, clinical pathway and case-based learning.
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Table 2 Comparison of the Examination Scores Between the Two

Groups
TT Group | CP-CBL Group | t Value | P Value
(n=23) (n=24)
Theory score 44.83+7.12 50.87+5.27 -3.30 <0.01
Case analysis score | 27.61+4.52 32.04+5.09 -3.16 <0.01
Total score 72.43+7.77 82.91+9.89 —4.05 <0.001

Abbreviations: TT, traditional teaching; CP-CBL, clinical pathway and case-based learning.

Comparison of the Examination Scores

All trainees finished the departmental rotation exam. Comparisons of the scores between the two groups are shown in
Table 2 and Figure 3. The 24 trainees in the CP-CBL group had an average test score of 82.9 + 9.9, which was
significantly higher than the TT group’s average of 72.4 = 7.8 (p < 0.01). Additionally, the CP-CBL group scored higher
on both the case analysis test (32.0 = 5.0 vs 27.6 = 4.5, p < 0.01) and the theory examination (50.9 + 5.3 vs 44.8 + 7.1,
p <0.01) compared with the TT group. In the CP-CBL group, 37.5% (9/24) of the trainees scored above 90 points, while
this percentage was only 4.3% in the TT group.

Comparison of Satisfaction Survey Scores

Table 3 and Figure 4 show a comparison of the trainees’ subjective evaluations between the two models, both achieving
a 100% survey response rate. Compared with the TT group, CP-CBL group trainees reported significantly greater
satisfaction with the model’s ability to enhance their learning interest in pediatric cardiology (p < 0.01, Table 3). The CP-
CBL model also resulted in a perceived significant improvement in trainees’ knowledge, skills, and ability to analyse and
solve problems (p < 0.01, Table 3). However, satisfaction levels regarding course organisation (p = 0.49) and instructor
performance (p = 0.79) did not differ significantly between the two groups.

*kk
|
1004
E3 Group 1 |
E3 Group 2
80+
*%
g — |
O i
o 60 |
*%k
[ — |
40+
1
204 '
L] L] L]
Case analysis Theory test Total score

Figure 3 Comparison of the examination scores between the two groups. Group |, traditional teaching group; Group 2, clinical pathway and case-based learning group.
#*P<0.01, **P<0.001.
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Table 3 Comparison of the Satisfaction Survey Scores Between the Two Groups

TT Group | CP-CBL Group | t Value | P Value
n=23 n=24
Course Arrangement 591%1.41 6.21£1.50 —0.69 0.49
Instructor 6.26%1.32 6.37x1.61 -0.27 0.79
Self-Perceived Improvement | 4.69+1.84 6.54%191 -3.37 <0.01
Interest in Learning 5.09+1.34 6.37£1.41 -3.20 <0.01

Abbreviations: TT, traditional teaching; CP-CBL, clinical pathway and case-based learning.

Discussion

The study evaluated the comparative effectiveness of the TT and CP-CBL models in pediatric cardiology residency
training. The significantly higher performance scores in CP-CBL groups (Table 3) directly support our hypothesis that
integrating concept presentation with CBL better achieves clinical training objectives by bridging theoretical knowledge
and practical application. The educational advantage was further substantiated by significantly higher scores in theore-
tical assessments and case analysis evaluations among CP-CBL trainees. The results of survey demonstrated the superior
efficacy of the CP-CBL model, with participants exhibiting enhanced clinical confidence, improved practical skills, and
greater learning motivation compared with those in the TT group.

The CP model, while widely implemented in clinical practice and medical education, has not been systematically
applied in pediatric cardiology residency training.” Currently, 60-70% of cases in the pediatric cardiac ward are now
managed through CPs. Each pathway encompasses key clinical components including medical history documentation,
characteristic clinical features, diagnostic methodologies, preoperative preparations, postoperative routines, and follow-
up protocols. CP-based teaching demonstrates several distinctive advantages over traditional syllabus-based instruction.
First, the pathway structure provides closer integration with actual clinical practice. Second, the model incorporates
a dynamic validation process where initial teaching content is continually refined through case-based verification and
challenges.® Third, the CP approach actively involves trainees in all stages of pathway development and implementation,
allowing instructors to integrate critical pathways, address clinical controversies, and facilitate seamless incorporation of
teaching within the CP framework.’

ns ns *% *k
[ — — [ [
7.5+
[
S
(%} -
o |
254 E3 Group 1
Ed Group 2
Course Instructor Self-Perceived Interest
Arrangement Improvement in Learning

Figure 4 Comparison of the satisfaction survey scores between the two groups. Group |, traditional teaching group; Group 2, clinical pathway and case-based learning
group. ¥¥P<0.01.
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The implementation mechanism of the CP model follows a structured approach. Instructors utilise standardized CPs
for common diseases to help residents rapidly acquire essential knowledge and clinical competencies. Trainees repeat-
edly review and apply diagnostic and treatment protocols in clinical settings, reinforcing their mastery of standardized
procedures. The model specifically enhances trainees’ diagnostic and therapeutic capabilities for common cases, thereby
boosting their confidence in routine clinical practice. The increased confidence from the CP model positively impacts
both their clinical knowledge and patient interaction skills. The effectiveness of the CP model is evidenced by its ability
to enhance residents’ clinical skills, critical thinking, and learning motivation, ultimately improving overall teaching
outcomes.”*® The benefits are supported by the current findings.

The CP-CBL model enhances traditional CP teaching by integrating complex clinical cases into the curriculum. The
problem-oriented approach shifts from instructor-led to trainee-driven learning, where trainees actively solve problems
through data analysis and literature review.'’ 2° This integrated approach not only reinforced trainees’ understanding of
atypical cardiovascular presentations but also cultivated essential skills in clinical reasoning, collaborative problem-
solving, and advanced diagnostic interpretation. The CP -CBL teaching methods help trainees grow into more engaged
learners, boosting patient communication and clinical anomaly detection skills. The CP-CBL method also promotes
continuous literature learning among trainees, boosting their professional skills. While earlier studies suggested that
teacher-centred methods are more effective than CBL alone for delivering established knowledge, the current findings
indicated that the integrated CP-CBL approach not only conveys knowledge effectively but also enhances clinical
competencies more than traditional didactic teaching.!” In our study, questionnaire results showed the trainees in the CP-
CBL model showed significant improvements in self-awareness and learning motivation. TT emphasizes knowledge
acquisition, while CP-CBL prioritizes conceptual understanding and application, as demonstrated by our assessment
results (Table 3). Similar observations have been noted in other studies.?'** Effective training requires guiding trainees to
recognize their limitations—an approach that extends beyond mere knowledge acquisition. A significant improvement in
trainees’ self-awareness and motivation—shifting from passive instruction to active inquiry—demonstrates the efficacy
of the CP-CBL model. There was no significant difference in satisfaction with course organization and instructors
between CP-CBL and TT models in our study. This likely stems from trainees’ heightened motivation and their
progressively more central role in the learning process.

Case analysis aims to rigorously test trainees’ practical thinking skills, observational abilities, and flexible decision-
making capabilities—areas in which newly enrolled clinical trainees often lack proficiency.”> > As shown in Table 2 and
Figure 3, trainees’ scores in case analysis are generally lower than those in theoretical exams. Pediatric cardiology cases,
characterised by their diversity and high level of specialisation, pose significant challenges for second-year trainees in
making accurate diagnoses and treatment plans. However, a statistically significant improvement in case analysis scores
was observed in the CP-CBL group compared to the TT group (32.0 = 5.0 vs 27.6 £ 4.5, p < 0.01). The improvement
may have occurred because both CP and CBL models inherently focus on repeated case-based learning, enabling trainees
to approach case analysis more effectively and develop more precise diagnostic and treatment strategies.

The study had three main advantages. First, it provided a detailed description of the CP list for the first time in
pediatric cardiology, integrating CPs with teaching. Second, it effectively combined the CP and CBL teaching models
in the standardized training of pediatric cardiology and outlined the process in detail. Third, it employed both
subjective and objective evaluations to compare the CP-CBL and TT models, confirming the effectiveness of the CP-
CBL model.

The current study involved several limitations. First,despite high content validity scores of the questionnaire (I-CVI =
1.0), the study’s small sample size (n=47) constrained its statistical power. Subsequent validation studies with larger
samples are needed to establish construct validity and reliability. Second, our analysis was confined to outcomes from
a single clinical department within our institution, with a relatively limited sample size. While the results achieved
statistical significance, future multicenter collaborations will expand recruitment to further validate the effectiveness of
the CP-CBL model in specialty training programs. Third, pre-course surveys evaluated CP-CBL and pediatric cardiology
awareness, but lacked objective pre-intervention knowledge assessment, warranting improvement in subsequent research.

The limitations should be addressed in future research.
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Conclusion

The CP-CBL model in pediatric cardiology training significantly improves teaching effectiveness compared with the TT
model. The CP-CBL model motivates trainees to become more proactive and fosters their ability for independent
learning, as well as enhancing their communication skills. The study provides a validated CP-CBL training model that
can standardize pediatric cardiology education.
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