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The application and influence 
of “Small Private Online Course” 
based on flipped classroom 
teaching model in the course 
of fundamental operations 
in surgery in China
Xiaoyi Zhou 1,2,6, Guanyu Yu 1,3,6, Xu Li 1,3,6, Wei Zhang 1,4, Xinwen Nian 1,4, Jin Cui 1,2*, 
Xianzhao Wei 1,2* & Yu Sun 1,5*

To investigate the effect of “Small Private Online Course” (SPOC) based on flipped classroom teaching 
model on the students in the course of fundamental operations in surgery. A prospective study. 8-year 
program students (juniors) majored in clinical medicine in Navy medical university. The mastery of 
theoretical knowledge and operational skill of the students, the comparison of final test examination 
score between traditional teaching method and “SPOC + flipped classroom” model and the feedback 
completed by students. Our study found that SPOC + flipped classroom could significantly increase the 
efficacy of the class and enhance the ability of the students compared with the traditional method. 
The new teaching model could have a positive influence for medical students on their basic knowledge 
and operational skill.

With the rapid development of network technology, an increasing number of countries began to try informatiza-
tion and integration of educational  resources1. Hence, the occurrence of massive open online courses (MOOCs) 
in 2012 has reformed traditional teaching boundaries in the past few  years2. However, after years of exploration 
and development, there were still several major problems for MOOCs: 1. High registration rate but also high 
dropout rate; 2. Absence of interaction and communication between teachers and students; 3. High cost of 
maintenance for the MOOC  platform3.

In order to address the disadvantages of MOOC, Pro. Fox proposed the idea of Small Private Online Course 
(SPOC) in  20134. Supported by advanced teaching conception and network technique, the application of SPOC 
acted as a teaching method for supplement rather than substitution of class teaching. Instead of full-time online 
teaching in MOOC, SPOC combined online resources and class teaching, allowing face-to-face communication 
between students and teachers as well as students and  students5.

Fundamental operations in surgery is a bridge course connecting theoretical knowledge with practical 
 operation6. Traditionally, teachers would take a 40-min academic class and then begin to practical operation 
on animals in the following class. One of the major problem of this teaching model was that students could not 
completely understand the whole procedure of the required surgery and figure out the operational details only 
through one 40-min theory class, which would affect the surgery on animal  later7.

The combination of SPOC and flipped classrooms provided a new vision on promoted course teaching 
and elevated efficiency in  class8. Students were required to self-study operational videos recorded by teachers 
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before each class. The academic class was replaced by question-and-answer session. The saved time was given 
back to students so that they could have more time for practice operation on animals. It has been found that 
“SPOC + flipped classroom” teaching model could help students absorb relevant theoretical knowledge and 
promote learning attitudes and  efficiency9. However, the effect of SPOC + flipped classroom on the course of 
fundamental operations in surgery is still unknown in China.

Therefore, the present study was conducted to apply SPOC based on flipped classroom model in the course 
of fundamental operations in surgery and investigate the effect of this new teaching method on the students.

Results
The evaluation of class performance (theoretical knowledge and operational skill)
Theoretical knowledge of each student was evaluated by teacher during operation in practice class (Table 1 and 
Figs. 1, 2). Results showed that there was no significant difference between two different group for the mastery 
of basic knowledge (8.20 ± 0.96 vs 8.31 ± 0.75, P = 0.49). However, score of operational skill of the students in the 
SPOC + flipped class was significantly higher than control group (8.79 ± 0.81 vs 7.58 ± 0.91, P < 0.01), indicat-
ing that SPOC + flipped class teaching model could improve the capacity of the students during the operation.

Table 1.  Class performance of the students in SPOC + flipped class and control class evaluated by teachers.

SPOC + flipped class Control class t P

Theoretical knowledge 8.20 ± 0.96 8.31 ± 0.75 − 0.68 0.49

Operational skill 8.79 ± 0.81 7.58 ± 0.91 7.69  < 0.01

Figure 1.  Comparison of the score of theoretical knowledge between two groups rated by teachers.

Figure 2.  Comparison of the score of operational skill between two groups rated by teachers.
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The distribution of final score
As was demonstrated in Table 2 & Fig. 3, the final examination score of the students in “SPOC + flipped class” 
group was 89.50 ± 7.56, while the score in control class was 83.72 ± 6.56. The operation performance evaluated 
by teachers was 91.37 ± 3.25 in experimental class vs 89.51 ± 4.04 in control class. The score of usual performance 
in experimental class was 82.76 ± 5.65 vs 85.97 ± 3.97 in control class. After converting into the final score, The 
final total score was 89.57 ± 4.56 in the “SPOC + flipped class” and 85.93 ± 3.97 in the traditional teaching class. 
The results revealed that “SPOC + flipped class” significantly improved the final examination score. Similarly, 
“SPOC + flipped class” increased the score of operation performance and final total score, but with no significant 
difference.

Students’ feedback on “SPOC + flipped classroom”
The results of questionnaire were demonstrated in Table 3. Most of the student (96.9%) were satisfied with the 
experience of this course and they admitted that “SPOC + flipped classroom” could enhance their ability of basic 
knowledge and operative skills (92.2%). Besides, the preclass video helped them a lot to understand the key 
points of the operation accurately (93.7%). Many students felt passionate in the course (85.9%) and would like 
to recommend this course to others (89.1%). This teaching model was suitable for students (92.2%).

Table 2.  The distribution of final score in two different classes.

SPOC + flipped class Control class T P

Final examination score 89.50 ± 7.56 83.72 ± 6.56 4.48  < 0.01

Operation performance 91.37 ± 3.25 89.51 ± 4.04 2.79 0.06

Usual performance 82.76 ± 5.65 85.97 ± 3.97 0.14 0.88

Final total score 89.57 ± 4.56 85.93 ± 3.97 4.67  < 0.01

Figure 3.  Comparison of the distribution of final test score between “SPOC + flipped class” group and control 
class.

Table 3.  Questionnaire on the students’ feedback on the course.

Item Question Yes No

Learning satisfaction and students’ feeling on “SPOC + flipped classroom”

 1 I am interested and pleased with the experience of this course 62 (96.9%) 2 (3.1%)

 2 I feel enthusiastic and passionate in this course 55 (85.9%) 9 (14.1%)

 3 I think the “SPOC + flipped classroom” teaching model is quite suitable for me 59 (92.2%) 5 (7.8%)

The influence of “SPOC + flipped classroom” on students

 4 “SPOC + flipped classroom” enhances my ability of basic knowledge and operative skills 59 (92.2%) 5 (7.8%)

 5 The preclass videos helped me understand the key points and knowledge of the operation accurately and clearly 60 (93.7%) 4 (6.3%)

 6 I would like to recommend others to take this course 57 (89.1%) 7 (10.9%)
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Discussion
As the development of university education, a more flexible and refined course model like SPOC is believed to be 
“an inevitable evolution” by many educational  experts10. The first appearance of SPOC in China could be traced 
back to 2019. And for now, there has been no research investigating the effect of SPOC + flipped classroom in 
the course of fundamental operations in surgery in China. The teaching implementation using SPOC model 
relied on high quality video  resources11. Thus, in the present study all the teachers prepared a high-definition 
video specific to each surgery for students to learn before each class. These videos contain preparation, detailed 
operation and cautions of each surgery, so that the students could not only gain theoretical knowledge but also 
study practical procedures.

Here “Small” means that the number were strictly limited from tens to hundreds of students in the course. 
And “Private” means that the students in the class should meet the access requirement, most of whom are stu-
dents at school. The students in SPOC are more homogeneous than those in MOOC, such as their age, region, 
self-learning capacity et al. These characteristics of SPOC result in more interaction compared with MOOCs. 
And it would enhance the engagement and efficacy of the  course12.

In the present study, we found that SPOC + flipped class teaching model could significantly improve the 
operational capacity during the operation compared with the control class evaluated by our teachers. SPOC 
provided high quality teaching resource and students were asked to carefully preview the contents before the 
class. We found that the flipped classroom method based on SPOC could significantly improve learning outcomes 
compared with traditional learning method. The total final score increased from 87.7 to 90.2 compared with 
two different teaching methods. Similarly, Zhang et al.13 found that application of SPOC into flipped classroom 
increased students’ scores in the preclass test (65.13 ± 12.45 vs 53.46 ± 8.09) and postclass test (80.43 ± 14.29 vs 
69.01 ± 12.81) in the physiology course. SPOC + flipped class enabled teaching process no longer being con-
strained by traditional method, but giving students sufficient time to absorb knowledge and thinking. The video 
lecture before the class allowed the students self-learning without the restriction of limited class time and class 
environments. The process of self-study before class prolonged the study duration and thus promoted the whole 
study efficiency. Likewise, Hu et al.14 investigated the influence and effect on “SPOC + flipped classroom” on 
physical education students’ learning motivation and found that it had a positive impact of the video lectures 
on student’s motivation on basketball skills and promoted their motivation autonomy. The conception of SPOC 
claimed for independent study. This student-centered teaching model activated their learning potential and 
helped them to combined theory with practice in the class time.

In order to arouse students’ autonomy, we planned to skip the theoretical class and directly entered into prac-
tical class in the course of fundamental operations in surgery. A 40-min class was saved for extent learning and 
operation. This is one of the advantages of SPOC + flipped classroom, which converts the knowledge imparting 
part from classroom to online course, and give students more time to ask questions and communicate with teach-
ers and perform operation in the following class. The teachers acted as the role of directors and every 4 students 
formed a surgical group to complete the operation cooperatively. The students had to independently understand 
the principle and operational procedure during the whole operation. Thus, careful preview was quite necessary 
before the class in order to solve the possible problems they might met during the operation. Sufficient preclass 
preparation gave the students positive feedback and made them feel competent and passionate about the surgery. 
This might be one reason that the students in “SPOC + flipped class” could get a higher score in operative skill 
rated by teachers in the present study.

According to self-determination theory, three basic demands must be satisfied so as to get high quality 
development of self-realization and motivation: demand for autonomy, demand for competence and demand 
for  relatedness15. In the present study, the students carried out operations based on the knowledge which took 
place before class, making them feel that the procedure and operation was easier and more understandable. The 
students enhanced their sense of ability during the process of preparation before class and the operation in the 
class. In accordance with our finding, Guo et al.16 provided a blended learning model via SPOC in embryology 
and found that integrated SPOC with face to face lectures was a more effective means for teaching compared with 
the traditional lecture-based teaching model. Knowledge reserve in the students in SPOC + flipped class would 
significantly promote the interaction between students and teacher in the class. And teachers could spend more 
time specifically on explaining and discussing the difficulties and key points of the course, which was one of the 
most obvious advantages compared with traditional teaching method.

There were several limitations in the present study. First, the COVID-19 pandemic disrupted and delayed 
the implementation of teaching intervention. Second, the number of the students enrolled in the present study 
were restricted for the teaching method of SPOC. Last but not least, with the development of advanced teaching 
tools, substitutions like anthropomorphic dummy, stimulated properties and models and virtual reality could 
be applied in this course. In some class, these modern tools could replace living animals like beagle, which is 
our future direction.

Conclusion
“SPOC + flipped classroom” teaching model could have a positive influence for medical students on their basic 
knowledge and operational skill. Moreover, the results showed that most students were interested and satis-
fied with this teaching model. These results indicated that the application of “SPOC + flipped classroom” could 
enhance the engagement and enthusiasm of the students and promote the effect on the course of fundamental 
operations in surgery.
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Materials and methods
Participants
This was a prospective study and the students enrolled in the present study were all 8-year program juniors 
majored in clinical medicine. The course of fundamental operation was carried out in two continuous academic 
years (2021&2022). The experimental group (SPOC + flipped classroom) in the present study were 8-year pro-
gram students (n = 64) in the 2022 academic year in navy medical university. The control group (n = 58) enrolled 
58 8-year program students (traditional teaching method) in the 2021 academic year. The entrance test score 
between the two grades was similar and with no significant difference. The control group was taught with lectures 
before operation without watching videos. The informed consent was obtained from all subjects and/or their legal 
guardian(s). This research has been performed in accordance with the Declaration of Helsinki and all methods 
were performed in accordance with the relevant guidelines and regulations. This course and study was approved 
by the Institutional Ethics Review Board of the Naval Medical University.

“SPOC + flipped classroom” model design
In the pre-class stage, teachers optimized learning contents and recorded teaching video for each class. All the 
teaching videos were uploaded to a self-made APP by teachers. Students were asked to study the video themselves 
before the class and finish a quiz at the end of the video.

In the class stage, students started operation on beagle dogs directly without theoretical lecture. Teachers 
acted as reminders and inspectors and provided proper guidance during their operation.

In the post-class stage, students were required to finish post-class review. And the performance of each student 
during operation was rated by teachers based on theoretical knowledge and operating skill. (Fig. 4).

Evaluation of theoretical knowledge and operational skill along with the class as usual perfor-
mance by teachers
During each class, teachers would evaluate the mastery of theoretical knowledge and operational skill of each 
student by rating each item from 0 to 2. As for theoretical knowledge (Table 4), teachers would prepare several 
questions such as the anatomical features (important vessel, organ, nerve, et al.) surrounding the surgical site, 
indications for appendectomy or debridement and so on. As for the operational skill (Table 5), we divided each 
section into several simple actions such as incision, exposure, ligation, suture, knot, use of vessel forceps, scis-
sors, needle holders, et al. The total score of 0 represented that the student did not know anything before the 
class, while the total score of 10 represented well command of knowledge and skill for the current surgery. All 
the teachers were trained before this course. The inter-rater reliability between different teacher was acceptable. 
The reliability and validity of two scales were evaluated and confirmed before the present study.

Comparison of final test examination score between traditional teaching method and 
“SPOC + flipped classroom” model
After finishing all the class, the students were taking the final theoretical and practical examination. The final 
examination paper was consisted of 5 major parts (choice question*20, gap filling*10, noun explanation*5, short 
answer question*5 and operation record*1). Intestinal anastomosis was performed as the final operation perfor-
mance test. The score of operation performance was rated by teachers under unified standards. The final total 

Figure 4.  “SPOC + flipped classroom” model design.

Table 4.  Basic theoretical knowledge scale.

Content 0 1 2

1.Understanding of topographic anatomy surrounding the surgical site

2.Understanding the indication and contraindication of the surgery

3.Understanding the procedures of the surgery

4.Understanding the key points which should be paid attention on during the surgery

5.Complications might happen postsurgery and the treatment principles

Total point
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score was composed of examination paper score (50%), operation performance (40%) and usual performance 
(10%, consist of students’ classroom performance during each class, such as attendance rate, interaction active-
ness and surgery record after each operation).

Feedback of “SPOC + flipped classroom” by students
A 6-item questionnaire was designed to collect the feedback of this new teaching method in the “SPOC + flipped 
classroom” group (Table 3). The questionnaire was delivered and completed after the last class. The question-
naire could be divided into two major parts: 1. Learning satisfaction and students’ feeling on “SPOC + flipped 
classroom”; 2. The influence of “SPOC + flipped classroom” on students.

Data analysis
SPSS22.0 was used to conduct data analysis. All the data was expressed as means ± SD. A t test was performed 
to compare mean score of class performance and final test examination between two different teaching models. 
P < 0.05 was consider as statistically significant difference.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary 
information files].

Received: 20 August 2023; Accepted: 21 December 2023

References
 1. Yang, Y. & Xie, J. Feasibility study on the integration of innovation and entrepreneurship education and occupational therapy 

training mode for college students based on big data. Occup. Ther. Int. https:// doi. org/ 10. 1155/ 2022/ 39113 26 (2022).
 2. Chris, P. Massive open online course for health informatics education. Healthc. Inform. Res. 20(2), 81–87. https:// doi. org/ 10. 4258/ 

hir. 2014. 20.2. 81 (2014).
 3. Zhang, G., Kim, D. W., Qi, J. & Zhao, C. What factors influence MOOC course completion? An investigation of course completion 

and workplace benefits from interpersonal attraction theory perspective. Front. Psychol. 13, 1055108. https:// doi. org/ 10. 3389/ fpsyg. 
2022. 10551 08 (2022).

 4. Fox, A. From MOOCs to SPOCs. Commun. ACM. 56, 38–40. https:// doi. org/ 10. 1145/ 25359 18 (2013).
 5. Chen, M., Ye, L. & Weng, Y. Blended teaching of medical ethics during COVID-19: Practice and reflection. BMC Med. Educ. 22(1), 

361. https:// doi. org/ 10. 1186/ s12909- 022- 03431-6 (2022).
 6. Schoeb, D. S. et al. Assessment of a course of realistic surgical training during medical education as a tool for pre-residential surgi-

cal training. BMC Med. Educ. 16, 45. https:// doi. org/ 10. 1186/ s12909- 016- 0568-6 (2016).
 7. Miller, S. et al. Introductory surgical skills course: Technical training and preparation for the surgical environment. MedEdPORTAL. 

14, 10775 (2018).
 8. Vaysse, C. et al. Small private online course in teaching oncology-feedback after 1 year: What lessons?. J. Cancer Educ. 36(1), 65–71. 

https:// doi. org/ 10. 1007/ s13187- 019- 01598-z (2021).
 9. Fan, Y. T., Liu, Y. Q. & Yang, Y. Application of the small private online course-based blended teaching model in Human Parasitol-

ogy teaching. Zhongguo Xue Xi Chong Bing Fang Zhi Za Zhi. 34(4), 417–419 (2022).
 10. Lin, Y. S. & Lai, Y. H. Analysis of AI precision education strategy for small private online courses. Front. Psychol. 12, 749629. https:// 

doi. org/ 10. 3389/ fpsyg. 2021. 749629 (2021).
 11. Lockhart, B. J. et al. The use of a small private online course to allow educators to share teaching resources across diverse sites: The 

future of psychiatric case conferences?. Acad. Psychiatry. 41(1), 81–85. https:// doi. org/ 10. 1007/ s40596- 015- 0460-4 (2017).
 12. Zeng, J. et al. Application of blended teaching model based on SPOC and TBL in dermatology and venereology. BMC Med. Educ. 

21(1), 606. https:// doi. org/ 10. 1186/ s12909- 021- 03042-7 (2021).
 13. Zhang, X. et al. A flipped classroom method based on a small private online course in physiology. Adv. Physiol. Educ. 43(3), 

345–349. https:// doi. org/ 10. 1152/ advan. 00143. 2018 (2019).
 14. Hu, T. et al. The influence of “small private online course + flipped classroom” teaching on physical education students’ learning 

motivation from the perspective of self-determination theory. Front. Psychol. 13, 938426. https:// doi. org/ 10. 3389/ fpsyg. 2022. 
938426 (2022).

 15. Ryan, R. M. & Deci, E. L. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being. 
Am. Psychol. 55(1), 68–78 (2000).

 16. Guo, Y. et al. Blended learning model via small private online course improves active learning and academic performance of 
embryology. Clin. Anat. 35(2), 211–221. https:// doi. org/ 10. 1002/ ca. 23818 (2022).

Table 5.  Operational skill scale.

Content 0 1 2

1. Standard and correct surgical operation

2. Overall operation proficiency

3. Proficiency of using surgical instruments

4. Awareness of sterility and humanity during surgery

5. Ability of teamwork

Total point

https://doi.org/10.1155/2022/3911326
https://doi.org/10.4258/hir.2014.20.2.81
https://doi.org/10.4258/hir.2014.20.2.81
https://doi.org/10.3389/fpsyg.2022.1055108
https://doi.org/10.3389/fpsyg.2022.1055108
https://doi.org/10.1145/2535918
https://doi.org/10.1186/s12909-022-03431-6
https://doi.org/10.1186/s12909-016-0568-6
https://doi.org/10.1007/s13187-019-01598-z
https://doi.org/10.3389/fpsyg.2021.749629
https://doi.org/10.3389/fpsyg.2021.749629
https://doi.org/10.1007/s40596-015-0460-4
https://doi.org/10.1186/s12909-021-03042-7
https://doi.org/10.1152/advan.00143.2018
https://doi.org/10.3389/fpsyg.2022.938426
https://doi.org/10.3389/fpsyg.2022.938426
https://doi.org/10.1002/ca.23818


7

Vol.:(0123456789)

Scientific Reports |          (2024) 14:375  | https://doi.org/10.1038/s41598-023-50580-9

www.nature.com/scientificreports/

Author contributions
X.Z.W. and Y.S. contributed the study concept and design, J.C. developed the questionnaire. X.Y.Z., G.Y.Y., X.L., 
X.W.N. and W.Z. collected and analyzed the relative data. X.W.N. and W.Z. helped to deliver and collect the ques-
tionnaires. X.Y.Z., G.Y.Y. and X.L. wrote the manuscript and X.Z.W., Y.S. and J.C. helped revised the manuscript.

Funding
This study was supported by Project of Teaching Achievement Cultivation in Navy Medical University 
(JPY2022B07), Key Project of National program for the discipline of Education Science (JYKY-C2022027), 
the “Pilot Talented Project” in Navy Medical University and Project of Teaching Achievement Cultivation in 
Changhai Hospital (CHPY2021A01).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 50580-9.

Correspondence and requests for materials should be addressed to J.C., X.W. or Y.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-023-50580-9
https://doi.org/10.1038/s41598-023-50580-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The application and influence of “Small Private Online Course” based on flipped classroom teaching model in the course of fundamental operations in surgery in China
	Results
	The evaluation of class performance (theoretical knowledge and operational skill)
	The distribution of final score
	Students’ feedback on “SPOC + flipped classroom”

	Discussion
	Conclusion
	Materials and methods
	Participants
	“SPOC + flipped classroom” model design
	Evaluation of theoretical knowledge and operational skill along with the class as usual performance by teachers
	Comparison of final test examination score between traditional teaching method and “SPOC + flipped classroom” model
	Feedback of “SPOC + flipped classroom” by students
	Data analysis

	References


