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Background: Organ system-based curriculum (OSBC) has been introduced to improve traditional discipline-based teaching in Chinese medical schools. This study evaluates the localization effects of OSBC by comparing short term, i.e., final exam, objective structured clinical examination (OSCE) and long term i.e., national medical licensing examination (NMLE) outcomes across different teaching classes. Findings aim to inform future curriculum reform and faculty development in localized medical education.

Methods: This study employed a quasi-experimental design and obtained 111 undergraduate medical students through cluster sampling. Medical students were grouped by teaching schemes, gender and grade with short-term outcomes assessed via final exams and OSCE, and long-term outcomes via post-graduation NMLE scores.

Results: The results of Wilcoxon rank sum test showed that the OSCE scores of students in Nanshan class were higher than those in traditional teaching class, especially in the modules of Medical History Collection and Physical Examination (Z = 1.979, p = 0.048; Z = 2.405, p = 0.016). Yet, the comparison of NMLE items revealed no significant differences between the two student groups. Males and earlier cohorts exhibited slight advantages in OSCE/NMLE, though non-significant.

Conclusion: The localized OSBC demonstrates early prospects in clinical skills highlighting the need for optimized resource allocation personalized guidance and holistic student development in medical education reform, offering insights for the exchange and practice of international medical education.
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1 Introduction


1.1 Challenges in Chinese conventional medical education model

Chinese conventional medical education model has long followed the Soviet three-stage model (“general education - clinical knowledge education - clinical skills training”) and its “8 + 2” teaching mode (Zhou, 2013). In recent years, in order to cope with the impact and challenge of higher education development, colleges are not only facing the situation of expanding the number of higher education places, optimizing the scale and resources of colleges and universities, but also taking on the responsibility of avoiding mediocrity in higher education and providing high-level, high-quality innovative talents for a diverse society (O’Connell and Pascoe, 2004; Yang, 2013; Smithson et al., 2020). Medical universities need to respond to the demands of national scientific and technological progress and economic growth, and strive to cultivate high-level innovative talents and promote the reform of clinical medical education (Xiao et al., 2011, 2022; Yang et al., 2012; Yan, 2023). However, this traditional, teacher-centered approach often results in a disconnect between students’ basic knowledge and clinical skills, passive learning, and a low level of critical thinking (An, 2022; Stan et al., 2022; Yan et al., 2024; Song et al., 2017; Eleftheriou et al., 2022), significantly hindering to efficiently boosting the competency of medical professionals and overcome above challenges (Wijnen-Meijer, 2023).



1.2 Introduction and localization reform of OSBC

Based on international experience, the adoption of an Organ System-Based Curriculum (OSBC) may be a breakthrough of traditional Chinese medical education model. OSBC is an innovative medical education model that focuses medical education on the human organ system. This model was first proposed by Case Western Reserve University in the U.S. and was widely recognized by the international medical education community at the World Medical Education Summit in Edinburgh in 1993 (Wang et al., 2024). The OSBC model integrates the knowledge of basic and clinical medicine both horizontally and vertically, enabling students to develop a comprehensive and in-depth understanding of medical knowledge (Sakles et al., 2006). It guides them through a holistic learning process, starting from anatomy and physiology, progressing through pathology and epidemiological characteristics, and extending to clinical manifestations, diagnosis, and treatment of diseases.

However, given the cultural, educational levels, and talent reserves of different countries, the application of the OSBC solution is not a complete copy but requires localized reforms. Localization refers to the transfer, adaptation and development of relevant values, knowledge, technologies and behavioral norms from the local environment (Cheng, 2005). Localization can significantly enhance the relevance of education to local development in terms of educational reform. At the school level, localization is specifically reflected in adapting external economic, political, social and cultural measures to local resources, such as cooperation with communities and hospitals, adjustment of curriculum structure and student quotas, to promote local cultural development, cooperation among educational institutions and enhance educational effectiveness (Welch and Mok, 2003).

Based on the application and reform of the bio-psycho-social medical model (Bolton, 2023) and OSBC, the five-year “Nanshan Class” project was launched, aiming to cultivating innovative talents who combine excellent clinicians with medical scientists. In implementing the OSBC localization reforms, a number of distinctive measures have been taken with the objective of rendering the teaching model more pertinent to the specific context of our school, while simultaneously differentiating it from the models employed by other medical schools. Firstly, we have implemented an unprecedented comprehensive curriculum integration, which not only encompasses the core curriculum of basic and clinical medicine but also incorporates the knowledge of the humanities, thereby establishing a multi-dimensional and interdisciplinary knowledge system. Secondly, the institution has meticulously devised 9 modularized curricula, each systematically organized around a specific organ system. This modular approach facilitates a holistic understanding of the subject matter, promoting deeper learning and knowledge retention. In the formation of teaching teams, we have established 13 interdisciplinary teams, integrating faculty from basic medical sciences, clinical practices, and humanities. Teachers from interdisciplinary teams should hold seminars every semester to discuss the implementation effects of courses, adjust teaching focuses based on students’ final performance, enrich teaching forms and evaluation methods, and update the design of teaching materials. This comprehensive integration ensures the coherence and depth of the educational content. Furthermore, we have adopted innovative pedagogical methods, including problem-based learning and case studies, which foster student engagement and nurture independent critical thinking and problem-solving abilities. The development of clinical skills is another pivotal aspect of our OSBC reform. By integrating essential clinical competencies, we have developed a comprehensive practical skills curriculum. This curriculum allows students to learn and practice in simulated clinical environments that closely mimic real-world settings, significantly enhancing their clinical operation and reasoning skills. Regarding teaching evaluation, we have implemented a multifaceted assessment system that combines both summative and formative evaluations. This system focuses not only on exam results but also on students’ ongoing performance and progress, enabling a more holistic appraisal of learning outcomes.

Despite the fact that this innovative medical education model has been in place for some time, there has been a paucity of comprehensive and rigorous evaluation of its educational outcomes. It is imperative that effective methods be employed to conduct a comparative analysis of the impact of traditional and innovative models on the enhancement of medical students’ theoretical knowledge and clinical practice skills.



1.3 Application of OSCE and NMLE in medical model reform effect evaluation

In order to verify the effectiveness of the localization of the OSBC model, Objective Structured Clinical Examination (OSCE) and National Medical Licensing Examination (NMLE) were used as important indicators of the evaluation in this study.

OSCE has emerged as an alternative method for assessing clinical skills, gaining recognition in the academic and professional communities (Harden et al., 1975). OSCE comprehensively evaluates students’ theoretical knowledge, practical skills, and analytical thinking by requiring them to go through a series of assessment stations simulating real diagnostic scenarios within a limited time. Due to its excellence, reliability, and flexibility, this method has been widely adopted, especially suitable for assessing various clinical skills such as communication skills, physical examination, and problem-solving abilities.

Notably, the requirements of NMLE in China consistent with the components of the OSCE, including medical history collection, cardiopulmonary auscultation, etc., covering areas such as internal medicine, surgery, obstetrics and gynecology, pediatrics, and emergency medicine, aiming to objectively assess whether candidates meet the required qualification standards (Yang, 2013). Medical graduates are eligible to take the NMLE exam 1 year after completing their undergraduate degree. Since its formal introduction in 1998, the NMLE has served as a pivotal instrument in assessing the professional knowledge and competencies medical professionals (Wang, 2021, 2022). It not only ensures that physicians possess the requisite clinical skills and foundational competencies but also functions as a critical measure of the educational standards of medical institutions. The exam covers fundamental and clinical knowledge, medical ethics, and legal regulations, thoroughly assessing candidates through both a written test and practical skills evaluation. Administered under the supervision of the Ministry of Health, the NMLE adheres to principles of fairness, scientific precision, and standardization, ensuring the reliability and validity of its outcomes.

In conclusion, in order to verify the effect of OSBC localization, this study compared the innovation and clinical literacy of medical students under the two educational models (Nanshan class and traditional clinical medicine class) after localization. Taking the theoretical scores before graduation and the practical scores of the OSCE module as the short-term indicators on campus, and the NMLE scores in the first year after graduation as the long-term indicators of the localization effect, the effectiveness of the OSBC teaching model in shaping the abilities of medical students is evaluated, and suggestions are provided for the localization and integration of medical education.




2 Materials and methods


2.1 Participants

Prior to the survey, the researcher had ensured that the participants were informed about the purpose and risks of the study and that the data were stored anonymously and confidentially. All participants voluntarily agreed to participate, and provided written informed consent. The study has obtained ethical approval from Guangzhou Medical University (No. 202305008).

A complete cluster sampling approach was adopted with intact teaching classes serving as the sampling units. According to the following inclusion and exclusion criteria, we included 51 undergraduate medical students (20 males and 31 females) from the Nanshan class, constituting the experimental group. Of these, 24 students were enrolled in grade 2015 and 27 in grade 2016. A control group of 60 undergraduate medical students from the traditional clinical medicine program (31 males and 29 females) was also included in the study. Of this group, 30 students were in grade 2015 and 30 were in grade 2016. Since Nanshan class is produced through strict selection after admission, its selection conditions need to include any of the following conditions:


	(1)Outstanding college entrance examination results: The students from Guangdong province should be in the top 15 of the medical students admitted by our university in the same year, and the students from other provinces should be in the first place of the medical students admitted by their province;

	(2)Excellent academic performance: the average grade point of required courses and restricted courses in the first semester is among the top 8% of the major in the grade;

	(3)Outstanding foreign language performance: entered class A of graded English teaching, and ranked top 8% in the general score of Common English course in the first semester among the students in the class.




Therefore, the students in Nanshan class are the group of excellent students with high comprehensive quality. In order to ensure the comparability of the quality of students between the control group and the control group, we sorted the students in the First Clinical Medical school according to their student numbers (student numbers were sorted according to the college entrance examination scores), and considered the top 30 students in each grade as the sample range of the control group. Participants in the Nanshan and traditional clinical medicine classes were required to meet the following screening criteria. Inclusion criteria: (1) Age ranging from 17 to 25 years old; (2) Complete 5 years of undergraduate medical study; (3) Participate in the final, OSCE and NMLE assessments; (4) Voluntarily participate in this survey. Exclusion criteria: (1) Having experiences such as changing majors or taking a leave of absence that interrupted on-campus learning; (2) Past or current severe psychological disorders or mental illnesses.

This study adopted a quasi-experimental design and used DEFF to evaluate the sample efficacy [DEFF = 1 + (m - 1) × ICC] (Campbell et al., 2004). The experimental group and the control group each included one natural class (51 and 61 students respectively, m = 56). Limited by the actual class sample size, based on the intraclass correlation coefficient (ICC = 0.03) and the preset medium to large effect size Cohen’s d = 0.7, slightly lower than the standard 0.8 but acceptable (Fritz et al., 2012), the power analysis was conducted by calculating the design effect (DEFF = 2.65). The results show that the current sample size can provide 70% statistical test power.



2.2 Research design

This study conducted at Guangzhou Medical University, China, from September 2015 to July 2022. The study compared the academic and clinical performance of undergraduate medical students enrolled in a localized OSBC with those following a traditional discipline-based curriculum. The study duration covered the full 5 years undergraduate education and one-year post-graduation period, allowing both short-term and long-term outcomes to be assessed.

The control group adhered to the traditional clinical course teaching model, which sticks to the system-to-body, localized-to-body, and later gradual deeper forms of the disease. Taking the professional courses as an example, the control group’s basic teaching is systematic anatomy, histology and embryology and other courses, followed by basic medical courses such as local anatomy, biochemistry and pathophysiology, and finally sub-specialties such as obstetrics and gynecology, internal medicine and so on.

Whereas the experimental group designed mandatory courses in nine major organ system disease modules, such as the skeletal muscle system, skin, blood immune system, cardiovascular system, respiratory system, digestive system, nervous system, endocrine system, and urinary reproductive system. The goal was to develop integration across several disciplines including basic, clinical, preventative, and humanities. Additionally, the experimental group fully implemented problem-based learning (PBL) as a guided deep learning model. Furthermore, the experimental group embraced the concept of “early clinical exposure, multi-clinical exposure, repeated clinical exposure,” conducting a one-month internship each semester. In terms of structure, the experimental group added mentorship, dual-mentorship, and international training compared to the control group. The overall difference between the Nanshan class and the traditional clinical medicine class is briefly presented in Figure 1. The specific training program of Nanshan class and the traditional clinical medicine class can be found in the Supplementary material.


[image: Comparison chart between Traditional Clinical Medicine Class and Nanshan Class. The Traditional class is discipline-centered with segmented courses, lecture-based methods, internship-focused skills, exam-oriented assessment, and a conventional framework. The Nanshan class uses an organ system-based curriculum, problem-based learning with interdisciplinary faculty, early skill exposure, formative assessment, and innovation projects.]
FIGURE 1
Systematic comparison of traditional clinical medicine class and Nanshan class.




2.3 Observation indicators


2.3.1 Theoretical results of the final exam

The final theoretical examination for medical students before graduation is a testing procedure to assess their mastery of core medical theories during their undergraduate studies. In terms of overall structure, this exam refers to the module form of NMLE and can be regarded as a mock exam of NMLE. However, the specific content of each examination area is not as comprehensive as that of NMLE. The setting of examination content is based on a comprehensive consideration of the high degree of learning difficulties reflected by students during their undergraduate studies, the low pass rate, and the importance of the subject in NMLE. This also reflects that the assessment is more targeted among the students in school. The specific areas, contents and proportions of the final exam are shown in Table 1.


TABLE 1 Settings of final exam.


	Areas
	Contents
	Proportion (%)





	Basic medical sciences
	Anatomy
	15–20



	Pathophysiology



	Immunology



	Pharmacology



	Clinical disciplines
	Internal medicine
	65–70



	Surgery



	Obstetrics and gynecology



	Pediatrics



	Medical humanities and prevention
	Medical ethics
	10–20



	Medical regulations



	Medical psychology



	Preventive medicine






The test consists entirely of objective questions, utilizing formats that are designed to evaluate both theoretical knowledge and practical reasoning. These formats include:


	1.A1-Type Question: the question is based on a narrative single sentence, examines basic knowledge, and selects one of five options.

	2.A2-Type Question: it involves brief clinical scenarios followed by multiple-choice answers, with only one correct response of five choices.

	3.A3-Type Question: the structure begins with a description of a clinical situation, followed by two or three questions, each related to the initial case but targeting distinct concepts.

	4.B1-Type Question: the question starts with five alternatives, followed by at least two questions, with the test taker required to select the most relevant answer for each. Each alternative may be chosen once, multiple times, or not.




The exam is conducted as a closed-book assessment, lasting 120 min, with a total score of 100 points. It effectively prepares students for the NMLE by simulating its structure, providing an accurate measure of their readiness to embark on a professional medical career.



2.3.2 Objective structured clinical examination (OSCE) in school

Objective structured clinical examination comprehensively assesses clinical students’ theoretical knowledge, practical skills, and clinical thinking abilities. According to the talent cultivation objectives, teaching syllabus, and internship syllabus of the clinical medical specialty, and with reference to the national qualification examination for clinical practicing physicians, the graduation skills assessment of the university has set up nine stations, with the examination time for stations 1–8 being 15 min each and 35 min for station 9, making a total of 155 min (Zhang et al., 2025). The examination includes history taking, physical examination, basic operation, auxiliary examination, case analysis, medical humanities, etc., The subjects involved are mainly internal medicine, surgery, obstetrics and gynecology, pediatrics, emergency medicine, nursing, etc., The specific stations are set up as shown in Table 2. The annual examination is scheduled after the fifth-year student has completed all clinical rotations and prior to graduation. It is conducted in a uniform manner in the Clinical Skills Laboratory Center.


TABLE 2 Settings of OSCE examine.


	Contents
	Time (minute)
	Proportion (%)





	Station 1
	Medical history collection I
	15
	8



	Abnormal abdominal palpation I
	2



	Station 2
	Normal physical examination
	15
	10



	Station 3
	Internal pediatrics skill operation
	15
	10



	Station 4
	Auxiliary examination
	15
	10



	Station 5
	Medical history collection II
	15
	8



	Abnormal abdominal examination II
	2



	Station 6
	Surgical skill operation
	15
	10



	Station 7
	Obstetrics and gynecology skill operation
	15
	10



	Station 8
	Nursing skill operation
	15
	10



	Station 9
	Case analysis
	5
	2.5



	Cardiac auscultation
	5
	2.5



	Pulmonary auscultation
	25
	6



	Clinical medical skills examination
	25
	9








2.3.3 National medical licensing examination (NMLE)

National Medical Licensing Examination (NMLE), serving as a crucial standard for evaluating physicians’ professional literacy and comprehensive abilities, covers a wide range of in-depth topics encompassing the four core modules of Basic Medicine Science, Medical Humanities and Regulations, Preventive Medicine, Clinical Medical Sciences (Wang, 2022). This examination is not only a test of physicians’ knowledge reserve, but also a comprehensive assessment of their clinical thinking and practical abilities (See Table 3).


TABLE 3 Settings of NMLE.


	Modules
	Contents





	Basic medicine science
	Pathology



	Pathophysiology



	Anatomy



	Physiology



	Biochemistry



	Pharmacology



	Immunology



	Microbiology



	Medical humanities and regulations
	Medical ethics



	Medical regulations



	Medical psychology



	Preventive medicine
	Epidemiology



	Medical statistics



	Preventive services and health management



	Public disease prevention and control



	Clinical medical sciences
	Internal medicine



	Surgery



	Obstetrics and gynecology



	Pediatrics






In terms of the examination format, NMLE adopts a module-cognition level design. The four modules can be divided into three levels: memory, understanding, and application, to comprehensively assess physicians’ memory ability, understanding ability, and application ability of knowledge points. This design makes the examination more scientific and reasonable, enabling a more accurate evaluation of physicians’ professional literacy and comprehensive abilities.




2.4 Data analysis

We used R studio 4.3.3 (R Studio, Inc., Boston, Massachusetts) “tidyverse” and “dplyr” packages for data collation, the “psych” package for descriptive statistics. And Wilcoxon rank sum test was performed on non-normal distribution data using “stats” package, the “ggpubr” package for violin plot visualization, with p < 0.05 considered statistically significant.




3 Results


3.1 Wilcoxon rank sum test in theory and OSCE performance between different teaching groups

To examine the class difference between the scores of theoretical scores and each OSCE module results, we conducted a Wilcoxon rank sum test (Figure 2 and Table 4). The results indicated that the two classes score comparably in the theoretical examination (Z = 1.713, p = 0.087). It is worth noting that in terms of OSCE module implementation, students from Nanshan class were significantly higher than those of Clinical Medicine in Medical History Collection (Clinical Medicine: Me = 76.69, IQR = 13.58; Nanshan: Me = 83.19, IQR = 8.75; Z = 1.979, p = 0.048) and Physical Examination (Clinical Medicine: Me = 72.26, IQR = 11.10; Nanshan: Me = 77.80, IQR = 11.42; Z = 2.405, p = 0.016).


[image: Seven violin plots comparing scores between “Clinical Medicine” and “Nanshan” classes across different categories: Theory Score, Medical History Collection, Physical Examination, Basic Operational Skills, Auxiliary Examination, Case Analysis, and Total Score. Each plot shows score distribution with median lines and significance indicated by “NS” (not significant) or asterisk for significant differences.]
FIGURE 2
Wilcoxon rank sum test of theory score and OSCE violin plot between different classes (N = 111). NS, no significance. *p < 0.05.



TABLE 4 Wilcoxon rank sum test results of theory score and OSCE module between different classes (N = 111).


	Groups
	Clinical medicine
 (n = 60)
	Nanshan
 (n = 51)
	Z
	p



	
	Me
	IQR
	Me
	IQR
	
	





	Theory score
	71.00
	7.75
	69.00
	7.00
	1.713
	0.087



	OSCE module
	
	
	
	
	
	



	Medical history collection
	76.69
	13.58
	83.19
	8.75
	1.979
	0.048



	Physical examination
	72.26
	11.10
	77.80
	11.42
	2.405
	0.016



	Basic operational skills
	81.00
	9.11
	82.95
	9.18
	1.435
	0.151



	Auxiliary examination
	50.00
	25.00
	50.00
	25.00
	0.366
	0.714



	Case analysis
	66.42
	16.54
	63.00
	16.50
	1.103
	0.270



	Total score
	78.00
	9.00
	80.00
	7.00
	1.942
	0.052






Me, median; IQR, interquartile range.




However, no significant differences were found in the Basic Operational Skills, Auxiliary Examination, Case Analysis modules, and the total score (p > 0.05). A comparison by gender (Supplementary Figure 1 and Supplementary Table 1) revealed that male and female students differed significantly in their performance, with male performing better at theoretical test (Clinical Medicine: Me = 71.00, IQR = 7.00; Nanshan: Me = 69.00, IQR = 7.00; Z = 2.129, p = 0.033), and female scoring higher in the Medical History Collection (Clinical Medicine: Me = 76.69, IQR = 18.44; Nanshan: Me = 81.44, IQR = 10.88; Z = 2.204, p = 0.028), Basic Operational Skills (Clinical Medicine: Me = 77.31, IQR = 7.76; Nanshan: Me = 83.88, IQR = 5.79; Z = 2.270, p = 0.023), and total score (Clinical Medicine: Me = 74.00, IQR = 7.00; Nanshan: Me = 78.00, IQR = 5.00; Z = 2.079, p = 0.038). The results of grade difference show that students of grade 2015 have higher scores (Supplementary Figure 2 and Supplementary Table 2), which are significant in Medical History Collection (Clinical Medicine: Me = 85.22, IQR = 9.55; Nanshan: Me = 80.56, IQR = 14.53; Z = 3.254, p = 0.001), Physical Examination (Clinical Medicine: Me = 87.75, IQR = 5.64; Nanshan: Me = 73.92, IQR = 11.17; Z = 7.478, p < 0.001) and total score (Clinical Medicine: Me = 83.00, IQR = 6.00; Nanshan: Me = 75.00, IQR = 6.00; Z = 6.978, p < 0.001).



3.2 Wilcoxon rank sum test in NMLE performance between different teaching groups

In NMLE, a Wilcoxon rank sum test was conducted with the data set derived from the four modules (Basic Medical Sciences, Medical Humanities, and Regulations, Preventive Medicine, Clinical Medical Sciences), three levels (Memory-Comprehension-Application), as well as the combined theory and skill scores. These scores were compared between two distinct classes, and the results are presented in Figure 3 and Table 5. It revealed that NMLE results were almost consistent across different classes (p > 0.05). Similarly, differences in NMLE results were not evident between genders, with the exception of Basic Medical Sciences, in which female participants demonstrated superior performance (Clinical Medicine: Me = 51.00, IQR = 7.00; Nanshan: Me = 48.00, IQR = 9.00; Z = 1.965, p = 0.049, Supplementary Figure 3 and Supplementary Table 3). It is noteworthy that the students of grade 2016 showed significantly higher in Basic Medical Sciences (Clinical Medicine: Me = 51.00, IQR = 9.00; Nanshan: Me = 47.00, IQR = 8.00; Z = 3.847, p < 0.001), Medical Humanities and Regulations (Clinical Medicine: Me = 31.00, IQR = 2.00; Nanshan: Me = 32.00, IQR = 4.00; Z = 2.483, p = 0.013), Preventive Medicine (Clinical Medicine: Me = 20.00, IQR = 4.00; Nanshan: Me = 24.00, IQR = 5.00; Z = 4.840, p < 0.001). The remarkable aptitude of the students of grade 2016 is exemplified by their proficiency in memorization (Clinical Medicine: Me = 71.50, IQR = 9.00; Nanshan: Me = 53.00, IQR = 9.00; Z = 6.721, p < 0.001) and comprehension (Clinical Medicine: Me = 95.00, IQR = 11.00; Nanshan: Me = 125.00, IQR = 21.00; Z = 6.631, p < 0.001); other programs were not significantly different (Supplementary Figure 4 and Supplementary Table 4, p > 0.05).


[image: Ten violin plots compare scores between “Clinical Medicine” and “Nan Shan” classes across various categories: Basic Medical Sciences, Medical Humanities and Regulations, Preventive Medicine, Clinical Medical Sciences, Memory, Comprehension, Application, Theory Score, Skill Score, and Total Score. Each plot includes box plots and confidence intervals indicating score distribution. The notation “N.S.” indicates no significant difference.]
FIGURE 3
Wilcoxon rank sum test of NMLE violin plot between different classes (N = 111). NS, no significance.



TABLE 5 Wilcoxon rank sum test results of NMLE between different classes (N = 111).


	Groups
	Clinical medicine
 (n = 60)
	Nanshan
 (n = 51)
	Z
	p



	
	Me
	IQR
	Me
	IQR
	
	





	Basic medical sciences
	49.50
	9.00
	49.00
	8.00
	−0.308
	0.758



	Medical humanities and regulations
	32.00
	3.00
	32.00
	5.00
	−0.610
	0.542



	Preventive medicine
	22.00
	4.00
	21.00
	6.00
	−0.659
	0.510



	Clinical medical sciences
	315.00
	50.00
	309.00
	55.00
	−1.106
	0.269



	Memory
	63.00
	21.00
	61.00
	19.00
	−0.776
	0.438



	Comprehension
	105.00
	30.00
	106.00
	37.00
	−0.459
	0.646



	Application
	246.00
	35.00
	240.00
	33.00
	−1.574
	0.115



	Theory score
	417.50
	57.00
	414.00
	71.00
	−0.835
	0.404



	Skill score
	76.20
	11.15
	78.20
	10.65
	−0.216
	0.829



	Total score
	491.60
	57.19
	489.35
	72.10
	−0.601
	0.548






Me, median; IQR, interquartile range.







4 Discussion

This study conducted a longitudinal evaluation of the localized OSBC by comparing the Nanshan class with the traditional discipline-based medical education model. Unlike prior cross-sectional studies limited to a single time point, this research examined both short-term indicators (e.g., graduation theoretical examination scores and OSCE performance) and long-term indicators (e.g., NMLE scores 1 year after graduation) to comprehensively assess the sustained outcomes of curriculum reform (Leen et al., 2010). Subgroup analyses by gender and academic year were also introduced to further explore the interaction between student characteristics and educational pathways. Through this design, the study not only asks whether OSBC is effective, but also addresses for whom and under what circumstances it may be more effective, thereby offering an empirical basis for future policy and instructional decisions in medical education.


4.1 The effectiveness of OSBC teaching

This study found that the Nanshan class demonstrated a statistically significant advantage over the traditional teaching class in two OSCE modules: Medical History Collection and Physical Examination. Although the score differences in these two modules were not large, the results still suggest that the OSBC teaching model may help enhance students’ performance in structured clinical examinations, which is consistent with previous empirical findings on the benefits of systems-integrated curricula in improving practical skills (Feldacker et al., 2014; Hale et al., 2023).

A retrospective examination of the curriculum design suggests that the performance of the Nanshan cohort in structured assessments may be closely related to the systemic architecture of its teaching model. This cohort adopted an organ system-based modular structure that sought to integrate foundational theory, clinical knowledge, and procedural skills into a coherent instructional framework, emphasizing a longitudinal trajectory from conceptual understanding to applied competencies. Supported by an interdisciplinary teaching team, students progressively developed an organized knowledge system within a structured framework, enabling them to flexibly mobilize prior experience and formulate integrative responses under standardized assessment conditions (Wu et al., 2021). Existing empirical studies have also indicated that students with well-developed cognitive integration and reasoning capabilities tend to demonstrate more coherent and structured thinking when confronted with complex clinical scenarios (Yin et al., 2022). However, it is important to acknowledge that system-integrated teaching is not a panacea. Its effectiveness largely depends on the efficiency of interdisciplinary collaboration, the standardization of curriculum content, and the sustained availability of qualified teaching resources. If these supporting mechanisms are underdeveloped, the curriculum may lead to fragmented knowledge and inconsistencies in instructional delivery, thereby undermining the coherence and integrity of students’ cognitive structures (Zhang et al., 2021). As such, the current educational outcomes of the Nanshan Class should be interpreted with caution, and future evaluations should incorporate longer-term and more comprehensive indicators for ongoing assessment.

The formative assessment mechanisms embedded in practical training also warrant attention. During the clinical internship phase, the Nanshan program incorporated tools such as Mini-Clinical Evaluation Exercise and Direct Observation of Procedural Skills to guide students in receiving immediate feedback during hands-on practice and continuously adjusting their strategies accordingly (Wu et al., 2021). Studies have shown that such tools are effective in enhancing students’ reflective awareness and adaptability in clinical settings (Norcini and Burch, 2007). In the modules of medical history taking and physical examination, where the assessment objectives are clearly defined, training procedures are standardized, and practice occurs with high frequency, students are more likely to achieve proficiency through focused training. This may partly explain why the Nanshan cohort demonstrated a more pronounced advantage in these specific modules. However, concerns remain regarding the subjectivity and inter-rater consistency of these assessment tools. Some studies have questioned their validity in high-stakes examination contexts (Moonen-van Loon et al., 2013).

In addition to structured training, the curriculum also incorporated real case discussions and bedside teaching, offering students a more authentic clinical context for learning (Wu et al., 2021). Research has shown that context-based learning approaches can help stimulate intrinsic motivation and facilitate the transfer of knowledge to practical settings (Yardley et al., 2012). However, the effectiveness of such teaching in enhancing complex diagnostic and integrative analytical skills tends to rely more heavily on students’ prior knowledge and the overall quality of instruction. This may partly explain why the Nanshan class did not demonstrate a distinct advantage in other OSCE modules, as this type of training is more susceptible to individual differences. Moreover, the success of this teaching model is also contingent on resource allocation and the quality of clinical supervision. Without adequate support, students may fall into a passive state of “seeing much but learning little” (Spencer, 2003).

From the perspective of student experience, the Nanshan class received widespread recognition. The satisfaction survey was conducted anonymously via the “Teaching Evaluation” app embedded in Enterprise WeChat and the universities’ student services system, covering all 51 students with a 100% response rate. Using a 0–5 rating scale, the results indicated a consistently high level of overall satisfaction, with the lowest average score reaching 4.24 (Zhang et al., 2021). Some students specifically mentioned that the course provided practical support in areas such as communication and collaboration, clinical reasoning, and critical thinking. Such feedback indirectly suggests that the course may have had a positive impact on the development of students’ comprehensive competencies (Eva et al., 2016).



4.2 Multiple influencing factors of NMLE measurement

The comparable performance between Nanshan class students and those in the standard clinical medicine track on the NMLE largely reflects the structural characteristics of this standardized assessment. Designed to evaluate whether medical graduates meet baseline requirements in knowledge and clinical skills, the NMLE enforces a tightly regulated content framework. Although Nanshan class implemented a systematic curriculum reform emphasizing scientific literacy and integrative competencies, the instructional process was still aligned with the national examination blueprint to ensure coverage of essential content. As a result, both groups received similar test-oriented training, which made it difficult for differences in pedagogical approaches to translate into measurable performance gaps.

In addition, the students included in this study were still in the early stages of their professional development and had not yet undergone extended, independent clinical practice. At the time of the examination—one-year post-graduation—their capabilities were concentrated at a foundational level. Higher-order skills such as clinical reasoning, problem-solving, and innovative thinking were not yet fully developed, and individual differences in these domains remained minimal (Zhou et al., 2023). These developmental constraints likely limited the external expression of reform effects, rendering them difficult to detect through a standardized examination format.

More critically, the NMLE itself presents significant limitations in evaluative scope. As it primarily relies on written tests and standardized procedural assessments, the exam fails to capture essential domains of clinical competence, including scientific inquiry, interdisciplinary integration, and patient communication. Prior research has shown that standardized examinations have limited validity in predicting long-term clinical performance, adaptive capacity, and professional growth (Lurie et al., 2009; Pangaro and ten Cate, 2013). Particularly in complex, real-world settings, standardized assessment tools have been found insufficient to capture learners’ cognitive flexibility and developmental potential, revealing inherent structural limitations within these models (Gong and Marion, 2006; Hohl and Dolcos, 2024).

In light of these concerns, a growing body of scholarship calls for a shift from static, score-centric evaluation systems to multidimensional, developmental, and process-based assessment frameworks. On one hand, emerging tools, such as AI-assisted scoring systems, cross-cultural case-based assessments, and growth-oriented reflective portfolios—offer opportunities to enhance both depth and ecological validity (Wang, 2022; Wu et al., 2022; Lin et al., 2025). On the other hand, sustained tracking of higher-order cognitive domains, such as critical thinking, clinical judgment, and integrative reasoning—must be systematically embedded into assessment design (Qureshi et al., 2022; Supper et al., 2023). Against this backdrop, it is imperative to develop a composite evaluation model that integrates clinical performance with longitudinal developmental trajectories, so as to more comprehensively capture the actual effectiveness of competency-based education. Particularly in contexts where high-stakes examinations and rating-based assessments are widely relied upon, issues such as rater bias and construct-irrelevant variance have posed substantive threats to the validity and reliability of assessment outcomes. While standardized tests like NMLE serve essential gatekeeping functions, they are clearly insufficient for reflecting the multifaceted impact of curricular reform (Downing, 2005). To mitigate these validity threats and to ensure meaningful alignment between instructional intentions and assessment practices, the establishment of a more comprehensive, dynamic, and theoretically grounded evaluation system is urgently required.



4.3 Limitations and future research

However, it should be noted that the study is not without limitations, which could be improved upon in future research. Firstly, it should be noted that the OSCE results of different grades could not be compared due to the failure of students in grade 2015 to complete the Auxiliary Examination and Case Analysis module as a result of the impact of the epidemic. Consequently, the scores for this module were not available for inclusion in the analysis. Additionally, the sample size of this study is relatively limited, and the number of OSCE modules exhibiting notable differences in gender and grade is not substantial. In the NMLE difference results, there was a tendency for the scores of males and females to be consistent. It would be advisable to consider expanding the sample size further in order to avoid the potential for data bias. When selecting different groups of students for comparison, this study lacked baseline measurements to better understand the status of students before the intervention with different teaching methods, despite having been admitted with the same class score. When the background information of the students was investigated, such as identity (master’s degree students/standardized training for resident doctors/primary hospital doctors), self-learning ability, class resources, family concept and economic conditions should also be included and controlled to make the survey results more complete. Moreover, this study is primarily focused on one medical college in South China, which may limit the generalizability of the discussed issues and solutions. It is possible that the Nanshan class teaching method may yield different outcomes in other medical schools or in broader educational systems. Further research is therefore required to validate its applicability in these contexts. Finally, educational reform processes frequently encounter a number of challenges, including inadequate teaching staff, limited teaching resources, and diverse student capabilities. Future research should employ a mixed-methods approach, control for various confounding factors, conduct focus group interviews to collect qualitative data, and combine cross-sectional and longitudinal tracking data to assess students’ clinical literacy and innovation ability.




5 Conclusion

This study conducted an in-depth analysis of the OSBC approach in the Nanshan class, confirming that it showed early promise in skill development, while long-term benefits remain unproven. Furthermore, this study indicates that the strategic development of teachers can be achieved through measures such as establishing interdisciplinary teams, iterative curriculum design, and focusing on formative evaluations of students and course feedback, thereby ensuring that the development of teachers aligns with the educational goals of the institution. OSBC not only provides valuable teaching references and suggestions for medical schools but also helps enhance teaching quality and promote the development of students’ comprehensive abilities. Its experiences and concepts have significant implications for driving development in medical education localization.
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