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Background: The blended teaching model of “online theory + offline practice” has become a focal point in the new era of medical education. However, the combination of Small Private Online Course and Presentation-Assimilation-Discussion (SPOC+PAD) classroom has not been practiced in Epidemiology courses.

Methods: To thoroughly evaluate the “SPOC+PAD” blended teaching model, this study included 56 students from a medical university, who selected the course Medical Statistics and Epidemiology in Fujian Province, China. Written final exam scores, lifelong learning abilities and collaboration skills were assessed and compared using t test between 25 students with “SPOC+PAD” teaching model and 31 students with “SPOC” only model. A multivariable linear regression model was further conducted to examine the factors influencing final exam score.

Results: In the final exam for epidemiology, the mean score of students with “SPOC+PAD” was 35.20 ± 6.17 points, slightly higher than that of students with SPOC only (32.29 ± 6.61 points). Students' gender is a key factor affecting final exam scores. Among female students, compared with SPOC teaching, the “SPOC+PAD” blended teaching model can significantly improve final exam score (P = 0.038). However, the role of this teaching model in enhancing students' lifelong learning ability and collaboration skills was not significant.

Conclusions: Compared with SPOC teaching, the “SPOC+PAD” blended teaching model can improve the study outcomes, especially in female students. Evaluation of lifelong learning ability and collaboration skills may require further study with larger sample sizes and longer teaching cycles.
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Introduction

The blended teaching model of “online theory + offline practice” has become a focal point in the new era of medical education. Relevant research indicates that this model can effectively improve the learning atmosphere, enhance students' autonomous learning abilities, promote classroom interaction between teachers and students, and transform the traditional teacher-centered approach into a student-oriented one guided by teachers (Yang F. et al., 2024). However, challenges have emerged during its implementation, such as high absenteeism rates and teachers' incomplete grasp of students' learning progress. The modified SPOC (Small Private Online Course) model offers a potential solution to these issues. In recent years, SPOC-based teaching applications have gained significant traction in higher education, with SPOC platforms being implemented in numerous medical courses like Neurology and Oncology (Li et al., 2024; Vaysse et al., 2021), yielding favorable outcomes.

Meanwhile, the PAD (Presentation-Assimilation-Discussion) classroom, a distinctive teaching model, highlighted its effectiveness in enhancing students' learning interest, initiative, and critical thinking abilities (Zhai et al., 2022; Wen et al., 2024). The PAD class may make up for the deficiencies of the pure SPOC course and improve students' abilities in summarizing and identifying problems, as well as internalization, absorption, and re-creation, which are lacking in SPOC only learning. However, no study yet combined and compared these teaching models to assess their effectiveness.

This study innovatively integrates the SPOC and PAD models, designing a comprehensive curriculum system that includes “pre-class guidance, online guided self-study, post-class assimilation, and in-class discussion.” Ultimately, this study aims to evaluate the impact of this novel teaching approach on students' academic performance and comprehensive skill development.



Methods

This study was conducted in a class of students enrolled in 2023 and major in clinical medicine, who selected the course Medical Statistics and Epidemiology at a medical university in Fujian Province, southeast of China. Medical doctors in China are trained in a 5 + 3 program nowadays (5 years of undergraduate medical education plus 3 years of the standardized resident training or 3 years of postgraduate education with professional degree). These students were at their second year of undergraduate medical education. For this study, the class was divided into two smaller teaching groups. We then created a Small Private Online Course (SPOC) for Epidemiology on the Chaoxing Learning Platform. Learning resources such as course introductions, syllabus, teaching schedules, recommended readings, lecture slides, recorded videos, and chapter quizzes were uploaded to the platform.

To evaluate the impact of integrating the Presentation-Assimilation-Discussion (PAD) model into a traditional SPOC course, Group 1 (the intervention group) received a blended “SPOC+PAD” module, while Group 2 (the control group) received only the standard SPOC instruction. The components of the blended module included:

1) Review and Pre-Class Guidance (Pt): the teacher reviewed the last chapter or provided an overview of the next chapter's knowledge framework, key concepts, and foundational content to orient students toward scientific thinking in epidemiological methods and applications. Online self-study task sheets were distributed via the Chaoxing platform.

2) Online Guided Self-Study (Ps): Students were required to watch selected course segments on Chaoxing under the teacher's guidance.

3) Post-Class Assimilation (A): Following online self-study, students completed self-assessment tests and submitted discussion questions. The teacher graded the tests to gauge learning progress, identified key review topics for in-class discussions, and curated discussion questions and case studies.

4) In-Class Discussion (D): Guided by the pre-selected review materials, questions, and cases, students engaged in group discussions and case presentations, followed by teacher-led Q&A and summary sessions.

A diagram of the SPOC+PAD Blended Teaching Model is presented in Figure 1 and the detailed teaching schedule is in Table 1.
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FIGURE 1
 Diagram of the SPOC+PAD blended teaching model.


TABLE 1 Teaching schedule of the “SPOC+PAD” classes for Epidemiology.


	Class session
	Teaching process
	Teaching content
	Offline
	Online





	1
	Pt
	Indicators for measuring disease frequency, preliminary guidance by teacher
	1
	

 
	2
 3
 4
	Ps
	Epidemic intensity of diseases;
 Distribution of diseases;
 Descriptive study of diseases
	
	3

 
	
	A
	Read materials, review courseware, complete after-class assignments, and communicate in the discussion area
	
	

 
	5
	D
	Online discussion on how to correctly apply and calculate disease frequency indicators, complete online calculation questions
	
	1

 
	6
 7
	Pt
	Cross-sectional study;
 Ecological study
	2
	

 
	
	A
	Read materials, review courseware, complete after-class assignments, and communicate in the discussion area
	
	

 
	8
 9
	D
	Read the case of Wuhan serum antibody cross-sectional survey, answer any 10 questions, post answers to Chaoxing Forum with real discussion records
	
	2

 
	10
 11
	Pt
	Overview of cohort study, research design and implementation;
 ollation and analysis of cohort study data
	2
	

 
	12
 13
	Ps
	Bias and control in cohort studies;
 Concept of case-control study and its similarities/differences with cohort study
	
	2

 
	
	A
	Read materials, review courseware, complete after-class assignments, and communicate in the discussion area
	
	

 
	14
	D
	Take high-impact papers on China Kadoorie Biobank as cases for group research discussions and case reports
	1
	

 
	15
 16
 17
	Pt
	Design and implementation of case-control study;
 Collation and analysis of case-control study data;
 Summary of advantages/disadvantages of cohort and case-control studies and other practical types
	3
	

 
	
	A
	Read materials, review courseware, complete after-class assignments, and communicate in the discussion area
	
	

 
	18
 19
	D
	Take cancer-related case-control studies as cases for group discussions and reports; actively distinguish differences between study types and precautions in statistical results during reports
	2
	





Pt, Review or Pre-Class Guidance by the teacher; Ps, Online Guided Self-Study by the students; A, Post-Class Assimilation; D, In-Class Discussion.





Assessment methods

To comprehensively evaluate the professional competencies of the medical students, this study used final exam scores as the primary assessment metric while also evaluating students' lifelong learning abilities and collaboration skills. The final exam of this course was conducted in the form of a written test, with question types including subjective questions (calculation questions and case analysis questions) and objective questions (single-choice questions and true/false questions) with a total score of 53. The evaluation framework for lifelong learning abilities in Chinese medical students comprised six dimensions: attitude and awareness, self-management, thinking pathway, adaptability, information literacy, and communication skills (Wu et al., 2021). The assessment scale for collaboration skills included three dimensions: inclusivity, reciprocity, and sociability (Hinyard et al., 2019). These questionnaires were sent out to all the 99 students in the class. Among them, 56 students completed all surveys, and were included in the analysis. The study was performed in accordance with the principles stated in the Declaration of Helsinki. All the students consented to participate in the study.



Statistical analysis

Scores for the final exam were calculated in total and separately with subjective and objective questions. Scores for lifelong learning ability and collaboration skills were also computed. Independent sample t-tests were used to compare differences in final exam scores and skill scores between the two groups, with stratified analysis by gender. Additionally, a multivariable linear regression model was used to identify factors influencing final exam scores. Statistical analyses were performed using STATA 15.1.




Results


Final exam scores

For the students involved in the study, no statistically significant differences were found between the two groups in terms of gender or place of origin (Table 2). The mean score of Group 1 (the “SPOC+PAD” group) was 35.20 ± 6.17 points, slightly higher than that of Group 2 (32.29 ± 6.61 points). The mean scores of both subjective and objective questions in Group 1 were approximately 1.5 points higher than those in Group 2, and the standard deviations of the scores in Group 1 were smaller than those in Group 2.

TABLE 2 Distribution of basic status and final grades of students in two groups.


	Variables
	Group 1 (SPOC+PAD group)
	Group 2 (SPOC group)
	P value





	Gendern

 
	Male
	13
	17
	0.832

 
	Female
	12
	14
	

 
	Place of originn
	
	
	0.900

 
	Local (within the province)
	19
	24
	

 
	Non-local (outside the province)
	6
	7
	

 
	Score of
	35.20 ± 6.17
	32.29 ± 6.61
	0.098



	epidemiologyb
	
	
	

 
	Subjective questionsb
	8.52 ± 3.10
	7.10 ± 3.54
	0.120

 
	Objective questionsb
	26.68 ± 3.85
	25.19 ± 4.14
	0.174

 
	Male students

 
	Score of epidemiologyb
	32.88 ± 5.95
	31.53 ± 7.48
	0.596

 
	 Subjective questionsb
	7.65 ± 3.08
	6.47 ± 3.91
	0.377

 
	 Objective questionsb
	25.23 ± 4.09
	25.06 ± 4.34
	0.917

 
	Female students

 
	Score of epidemiologyb
	37.71 ± 5.59
	33.21 ± 5.52
	0.051

 
	 Subjective questionsb
	9.46 ± 2.97
	7.86 ± 3.01
	0.186

 
	 Objective questionsb
	28.25 ± 2.99
	25.36 ± 3.61
	0.038





nRepresents the number of students, and the corresponding P values were obtained by chi-square test; brepresents mean ± standard deviation, and the corresponding P values were obtained by t-test.



Stratified analysis by gender revealed that the score improvement was more significant among female students. Particularly, the scores of female students in the “SPOC+PAD” group in the objective questions were significantly higher than those of female students in the SPOC only group (P = 0.038).

The results of multivariable linear regression analysis showed that scores in the medical statistics part and students' gender were significant influencing factors (P < 0.05). Although differences in teaching models and students' place of origin might affect the final scores, their effects were not significant (Table 3).

TABLE 3 Results of regression analysis on influencing factors of students' final grades in epidemiology.


	Variables
	Coefficient
	Standard error
	t value
	P value





	Group 1 vs. Group 2
	1.48
	1.17
	1.27
	0.21

 
	Total score of statistics
	0.89
	0.11
	7.86
	< 0.01

 
	Non-local vs. Local
	−2.21
	1.36
	−1.62
	0.11

 
	Male vs. Female
	−2.76
	1.15
	−2.39
	0.02








Lifelong learning abilities and collaboration skills

After the last class of the course, students completed questionnaires assessing lifelong learning abilities and collaborative skills. The total score for lifelong learning abilities was 95 points, with a mean score of 79.85 ± 12.62 (range: 52–95 points). For collaboration skills, the total score was 65 points, with a mean score of 52.34 ± 7.23 (range: 38–65 points).

The total score and scores in all subscales of collaborative skills in the “SPOC+PAD” group were higher than those in students receiving only SPOC model, but the differences did not reach statistical significance (Table 4). The mean score of lifelong learning abilities and most of the subscales in the “SPOC+PAD” group was also higher than those in the SPOC only group. However, all these differences were not statistical significant.

TABLE 4 Comparison of collaborative skills and lifelong learning ability between the two groups of students.


	Variables
	Group 1 (SPOC+PAD)
	Group 2 (SPOC)
	P value





	Collaborative skills
	53.00 ± 6.37
	51.81 ± 7.93
	0.544

 
	 Inclusivity
	20.88 ± 2.49
	20.65 ± 3.60
	0.783

 
	 Reciprocity
	15.84 ± 2.48
	15.19 ± 2.85
	0.375

 
	 Sociability
	16.28 ± 2.56
	15.97 ± 2.61
	0.656

 
	Lifelong learning abilities
	80.84 ± 11.14
	79.06 ± 13.83
	0.605

 
	 Attitude and awareness
	13.52 ± 1.69
	12.74 ± 2.37
	0.172

 
	 Self-management
	13.00 ± 1.96
	12.32 ± 2.36
	0.255

 
	 Thinking pathway
	16.84 ± 2.87
	16.42 ± 2.95
	0.594

 
	 Adaptability
	12.60 ± 2.20
	12.29 ± 2.21
	0.603

 
	 Information literacy
	12.40 ± 2.14
	12.52 ± 2.34
	0.849

 
	 Communication skills
	12.48 ± 1.83
	12.77 ± 2.23
	0.598





The P values in the table were obtained by t-test.







Discussion

This study has conducted a preliminary exploration on the specific integration methods and sequential design of SPOC and PAD in the content of epidemiology course. After online-offline blended learning, the PAD class model is used to induce and summarize key contents to test the effect of students' internalization and absorption. Discussions are then conducted to further deepen students' impression and improve learning quality and teaching effectiveness (Liu, 2021). In addition, compared with the PAD class, the presentation forms of learning contents in the SPOC model are more diverse and more in line with students' learning psychology (Busto et al., 2021). The traditional PAD class mainly uses teachers' courseware as the medium, which has poor visual effects (Wen et al., 2023), while the SPOC teaching model improves this shortcoming of the traditional PAD class.

For students, the “SPOC+PAD” teaching model incorporates new elements and adopts new models in curriculum design (Liu and Tayag, 2024), which can enhance students' mastery of course knowledge points. In this study, the average score of the final written exam in the “SPOC+PAD” group was higher than that of students in the SPOC only group, with a lower standard deviation, which is similar to previous findings in the courses of Vocational Information Technology and Microbiology (Yang C. et al., 2024; Xu and Xie, 2022). However, in those prior studies, the “SPOC+PAD” teaching groups exhibited significantly higher final exam scores, whereas the effect observed in our study was less pronounced. This discrepancy may stem from the differences in the selection of control groups. Specifically, the control group in our study adopted the SPOC teaching model, whereas the previous studies used only traditional teaching models. Given that the SPOC teaching model itself has been shown to enhance learning effectiveness in epidemiology courses (Gaizhen et al., 2022), it is reasonable to infer that this contributed to the weaker effect of “SPOC+PAD” model observed in our study. Nevertheless, our results indicates that the “SPOC+PAD” teaching model can improve students' mastery of course knowledge and take into account students at different levels. As this difference is borderline significant, due to the relatively small sample size, larger-scale studies are still needed for verification.

Gender difference is an important factor affecting students' performance. In medical-related majors, female students generally have better academic performance than male students, which is related to female students' more serious learning attitudes and higher compliance with teachers' arrangements (Hassan and Hassan, 2016). Most female students can actively participate in all stages of the course, master knowledge points, and thus achieve higher scores in exams (Fischer et al., 2013). The results of this study show that female students' final scores are higher than those of male students, which is consistent with previous studies (Algarni, 2024). In addition, the effect of the “SPOC+PAD” teaching model on exam scores is more significant among female students, which may also be related to female students' better implementation of teaching arrangements.

When stratifying the final exam scores by question types, we found that female students in the “SPOC+PAD” group achieved significantly higher scores on objective questions than those in the SPOC-only group. However, this between-group difference was not statistically significant for subjective questions. Given that epidemiology courses focus heavily on study designs and related concepts, the “SPOC+PAD” teaching model may better facilitate students' memorization and comprehension of such content through knowledge assimilation and collaborative discussion. In contrast, the model's effect on subjective question performance was less marked. Owing to the limited sample size in our study, we cannot rule out the possibility that “SPOC+PAD” does have an impact on subjective question scores.

Although the difference was not statistically significant, we observed a slightly stronger lifelong learning ability among students in the “SPOC+PAD” group. Prior research has demonstrated that the PAD teaching model fosters students' autonomous learning in English courses—an outcome that not only facilitates exam preparation but also enhances their potential to develop lifelong learning abilities (Liao and Guo, 2022). Similarly, in health assessment courses, the integration of PAD with the BOPPPS (Bridge-in, Objectives, Pre-assessment, Participatory Learning, Post-assessment and Summary) model has been shown to motivate students to actively explore diverse knowledge resources and cultivate sustained, self-directed learning behaviors, which in turn contribute to the development of lifelong learning abilities (Wang et al., 2025). However, no previous studies have evaluated the impact of the “SPOC+PAD” model on students' lifelong learning ability. This non-significant finding is not unexpected, as a single course is unlikely to produce substantial changes in lifelong learning ability; detecting such effects may require a larger sample size or the implementation of the model across multiple courses.

Collaboration skill is another key competency for medical students—particularly for future physicians, who must collaborate with nurses, patients, and other healthcare professionals to deliver high-quality care (Teuwen et al., 2024). In our study, the collaboration skill score was slightly higher in the “SPOC+PAD” group compared to the SPOC only group. This finding aligns with a previous study, which demonstrated enhanced collaboration skills among students in nursing courses using the “Rain Classroom (a MOOC-based platform) + PAD” teaching model (Lv et al., 2024). Indeed, even the PAD model alone has been shown to improve collaboration skills among medical students in health education courses (Xue et al., 2025), indicating that the PAD teaching model exerts an independent effect on fostering collaboration skills.

Despite the novelty of integrating two innovative teaching models, this study still has several limitations. First, evaluations of students' lifelong learning abilities and collaborative skills were conducted only at the end of the course, considering issues related to student adherence in completing questionnaires. As a result, the changes in their abilities and skills during the teaching process remain unknown. Second, numerous factors may influence final exam scores. Although gender, place of origin, and scores from related courses (e.g., statistics) have been included, several other potential influencing factors—such as memory skills and time spent reviewing the course—were not collected in this study. In our study, the effect of the “SPOC+PAD” teaching model was only compared to that of the SPOC-only model; thus, we were unable to isolate the specific effect of the SPOC teaching model itself. Therefore, in the future expanded studies, a PAD only teaching model could be added to disentangle the distinct effects of each teaching model.



Conclusions

In general, this study show that “SPOC+PAD” teaching model can significantly enhance clinical medical students' mastery of epidemiological knowledge, especially female students. Further studies with larger sample sizes are still needed to evaluate the effect on students' lifelong learning ability and collaboration skills.
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