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Abstract
Background Since 2021, the prevention and control of the coronavirus disease 2019 epidemic has been normalized. 
However, considering the high density of students and the potential for epidemic relapse, our medical morphological 
teaching team established a novel blended learning mode with mainly offline teaching in the general sections 
and blend learning in systematic sections. Specifically, this study sought to improve the teaching quality of the two 
courses of “Histology and Embryology” and “Pathology”, and lay a solid foundation for clinical medical undergraduates 
to learn medical courses well in the future.

Methods In the Spring 2021 semester, two classes from the Class of 2019 and two classes from the Class of 2020 
were randomly selected as the intervention groups, to carry out blended learning of “Histology and Embryology”, 
and “Pathology”, respectively. Meanwhile, four parallel classes were randomly selected as control groups to carry out 
completely traditional offline teaching. The blended learning was based on outcome-based education concepts and 
used small private online courses from the “Xuexi Tong” (Century Superstar Information Technology Development Co., 
Ltd., Beijing) platform. In the theory class, case-based learning following a self-designed P-C-P-E-S-E (Pre-class-Case-
Problem-Expansion-Summary-Expansion) teaching sequence was implemented. In the experimental class, a virtual 
digital platform with flipped classroom learning was integrated.

Results Both teaching satisfaction and students’ scores were found to be significantly greater in the intervention 
group than in the control group. Furthermore, the intervention group also effectively surpassed the control group in 
terms of students’ comprehensive abilities such as drawing, scientific research, participating in competitions, forensic 
case analysis, and so on.

Conclusion Our novel blended learning approach strengthened the communication between teachers and 
students, obviously improved students’ self-directed learning abilities, and finally achieved the purpose of 
improving the comprehensive abilities of students. This mode is suited for the post-epidemic era and future variable 
environments. It also has substantial promotional instructive modeling value.
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Backgroud
The outbreak of coronavirus disease 2019 (COVID-19) 
brought about an unprecedented impact on education 
[1]. Prevention and control measures undertaken in 
response to the epidemic spurred progress and innova-
tion across all sectors of Chinese society [2], particularly 
in terms of increasing the efficiency of higher education’s 
teaching and management and fostering innovation in 
the standards and value assessment system of person-
nel training [3]. Since March 2021, China’s epidemic-
prevention and -control measures have transitioned into 
a remission period, which is now known as the “post-
epidemic era” [4]. However, universities and colleges are 
densely populated areas, and, despite overall case remis-
sion, recurring outbreaks and new explosions of positive 
cases have occurred. Meanwhile, the widespread adop-
tion of wireless fidelity and online teaching systems or 
platforms has significantly propelled the informatization 
of China’s higher education [5, 6]. To achieve better epi-
demic prevention and control, Chinese college educators 
have increasingly adopted blended learning, which has 
yielded unexpectedly positive teaching outcomes [7].

The process of learning medicine is much like con-
structing a skyscraper, where the curriculum system 
is composed of basic, bridge, and clinical courses, 
respectively. Both the “Histology and Embryology” and 
“Pathology” courses belong to the category of medical 
morphology, serving as crucial foundational and bridge 
courses in the clinical medicine curriculum. Amid the 
COVID-19 epidemic, our teaching team established an 
innovative online teaching model in response to the situ-
ation of students’ studying at home [8], which had a rela-
tively good teaching effect. Entering the post-epidemic 
era, this team promptly adapted and enhanced the teach-
ing plan, ushering in a novel blended learning approach 
based on the outcome-based education (OBE) concepts 
[9].

Blended learning encompasses a diverse range of 
instructional methods, including traditional face-to-face 
learning, self-directed learning, asynchronous or syn-
chronous online education, multidimensional cognitive 
exercises, interactive flipped classroom learning, group 
discussions and lectures, among others [10–14]. This 
study employs a novel blended learning model with case-
based and small private online courses (SPOC) [15]. We 
implemented a self-designed P-C-P-E-S-E (Pre-class-
Case-Problem-Expansion-Summary-Expansion) teaching 
sequence in both theoretical and experimental courses. 
Additionally, we endeavored to implement “integrated 

lectures”, enabling students to form a comprehensive 
understanding of medicine from an early stage [16]. 
Concurrently, we involved exceptional undergraduates 
in our research projects, granting them access to scien-
tific inquiries as early as possible. This approach aimed to 
kindle students’ enthusiasm for learning and foster their 
problem-solving abilities. The “Histology and Embryol-
ogy” and “Pathology” courses were integrated to the dis-
cipline of medical morphology, with the goal of enabling 
medical students to better conceptualize, execute, and 
assess processes. With this study, we aspired to furnish 
instructive models for future teaching at Shandong First 
Medical University and other medical institutions in the 
post-epidemic period.

Methods
Participants
In 2021, this study was conducted concurrently with 
undergraduates majoring in clinical medicine who were 
taking courses on “Pathology” (Class of 2019) or “Histol-
ogy and Embryology” (Class of 2020). The intervention 
group of the Class of 2019 consisted of 111 students from 
Classes A and B, while the control group included 111 
students from parallel Classes C and D. Meanwhile, from 
the Class of 2020, 91 students from Classes A and B com-
posed the intervention group, while 92 students from 
Classes C and D constituted the control group. There 
were no significant differences in sex, age, or enrollment 
scores between the intervention and control groups.

Theoretical course teaching
Both the “Pathology” and “Histology and Embryology” 
courses provide 4 credits for graduation, with a total of 90 
teaching hours each (Pathology: 50 theoretical hours/40 
experimental hours; Histology and Embryology: 54 theo-
retical hours/36 experimental hours). One-fifth of the 
theoretical hours are allocated to online learning, while 
the remaining hours are conducted through offline teach-
ing. The control group and the intervention group were 
treated equally in terms of teaching time arrangement. 
Our team adopted the OBE concept and reconstructed 
the curriculum based on our self-designed P-C-P-E-S-E 
teaching sequence (see Fig. 1). In this sequence, “P” rep-
resents the “Pre-class” section, during which students, 
under the guidance of teachers, study the SPOC provided 
by the “Xuexi Tong” platform and engage in integrated 
learning of “Pathology” and “Histology and Embryol-
ogy” knowledge, as well as various tests. This part takes 
about 10–11  h. Additionally, “C-P-E-S” stands for the 

Clinical trial registration Not applicable.
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“Case–Problem–Expansion–Summary” sequence in the 
intervention group’s classroom activities, which accounts 
for 80 h. while the control group mainly follows the tra-
ditional teaching approach. The final “E” refers to the 
after-class expansion. This includes case analysis, subjec-
tive question writing, drawing, and the series of recorded 
integrated lectures uploaded in the data section. The time 
spent on these online activities varies depending on an 
individual’s level of attention, interest, and after-class 
time arrangement, and it is approximately 15–20 h. Some 
students also participate in scientific research inter-
est groups, forensic science outreach work, and various 
academic competitions, and the time required for these 
offline activities is uncertain, also around 15–20 h. This 
strategic allocation of content and time both inside and 
outside the classroom aims to better coordinate online 
and offline learning.

Pre class
Taking a peptic ulcer of the digestive system as an 
example, in advance, teachers provided preview hints 
regarding histology, pathology, clinical diagnosis, and 
other related learning aspects as an outline to guide 10 

sub-groups to prepare for presentation and role-plays. In 
greater detail, areas of interest included the macroscopic 
(including gastroscopy) and microscopic observations, 
etiology, pathogenesis, clinicopathological associations, 
outcomes, complications, and distinctions between 
duodenal and gastric ulcers, and between benign and 
malignant ulcers, respectively. These preview demands 
and pregiven materials extended relatively beyond the 
requirements of the morphological course’s syllabus. Stu-
dents were also encouraged to conduct extensive litera-
ture searches and expand related learnings based on their 
individual interests. The assignments of each sub-group 
and an undiagnosed peptic ulcer case were released. Stu-
dents could take advantage of their fragmentation time to 
freely watch the related relevant materials uploaded by 
the teacher in advance, engage in the group discussions 
and interact with teachers on the “Xuexi Tong” platform.

Teachers also provided the preview hints 2- weeks 
before class to the control group, requiring students to 
pre-study related contents independently online. How-
ever, no further pre-class learning tasks such as presenta-
tions, role-plays, or case analyses, were assigned to these 
students.

Fig. 1 Self-created P-C-P-E-S-E teaching sequence. At different stages (including pre-class, classroom and expasion after class), different teaching meth-
ods were adopted for the intervention group
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Finally, five related multiple-choice questions were 
released online to assess the effectiveness of students’ 
pre-study in both groups.

In class (C-P-E-S)
After all participating students signed online, two sub-
groups first performed their role-plays, and the repre-
sentatives of other sub-groups made presentations in 
succession. Then, each sub-group posed some questions, 
and other students answered questions where appropri-
ate. Subsequently, the teacher presented five questions 
related to clinical examination referring to the cases 
assigned beforehand, covering toipcs like diagnosis, gas-
troscopy and other basic tests, related treatments and 
prevention issues. A further open interactive question 
and answer (Q&A) session and a random argument ses-
sion were held to foster productive interaction. Finally, 
each sub-group’s performance were scored through the 
“Xuexi Tong” platform (see Supplementary Material 
S1), focusing on self-evaluation (10%), mutual evalua-
tion (50%), and teacher’s assessment (40%). After scor-
ing, students were randomly selected to summarize the 
essence of the course, and several online multiple-choice 
questions were published as a summary test. Of note, the 
whole teaching process of the intervention group was 
videotaped for further use.

In the control group, teacher-led lectures were adopted 
as the primary teaching approach, students’ attendance 
was recorded, and the arranged multiple-choice ques-
tions were answered in class.

After class (expansion)
Some experts from other disciplines, such as anatomy, 
immunology, psychology, and gastroenterology, were 
invited to deliver integrated lectures in the intelligent 
classroom to the intervention group (see Supplemen-
tary Material S2), and the whole process were recorded. 
Several expanded assignments were published. Another 
peptic ulcer case was then assigned via the “Xuexi Tong” 
platform, and students were required to conduct an 
independent analysis, with online evaluations and the 
standard answers posted 1 week later. A mind map of 
this chapter was required to be drawn and uploaded to 
the “Xuexi Tong” platform according to the scoring cri-
teria (Supplementary Material S3). Online chapter tests 
were also required to be completed in timely fashion. In 
addtion, an open-ended subjective question to be com-
pleted after class was assigned online, covering topics 
as “What do I know about the Helicobacter pylori?”. Stu-
dents could answer such questions in various dimensions 
and forms online. After an anonymous mutual evalua-
tion, teachers revised the evaluation results based on the 
designated standard (see Supplementary Material S4).

For the control group, the tasks to be completed 
through the “Xuexi Tong” platform after class, included 
chapter tests, mind maps, open-ended subjective ques-
tions, and so on. Videos of the teaching process of the 
intervention group and integrated lecture videos were 
also uploaded online for these students to view, enabling 
them to complete self-directed learning conveniently. 
Any related errors will be discussed and corrected by the 
teacher team. Some videos will be subtitled in Chinese. 
For some obvious errors, corrections will be attached. 
For common mistakes, teachers will also provide expla-
nations in class. This is to ensure the fairness of teaching 
resources between the intervention and control groups.

Experimental course teaching
Before class, related explanatory videos for all slices were 
recorded using screen-recording software and uploaded 
online to facilitate students’ early self-study. During class, 
considering teachers’ attention and guidance, students 
of both groups were exposed to small-scale teaching. 
There were micro-digital interactive systems available 
in the offline classroom, and each student’s microscope 
field of view could be viewed by the whole class. For the 
intervention group, several cases were used for classroom 
education, and, after all of the slices were read, a student 
was selected at random to explain the slices of a random 
case, and a discussion and Q&A interactive session held 
thereafter. Finally, teachers provided a summary and an 
evaluation of the class (see Supplementary Material S5). 
Meanwhile, in the control group, the details of each slice 
were explained by the teacher, with students’ indepen-
dently observing thereafter. After class, all students of 
both groups completed picture- drawing assignments. 
Then, at the end of the semester, a test on independently 
reading slices was conducted. Considering that stu-
dents only had limited time to operate microscopes and 
observe slices in the laboratory, they were encouraged 
to preview and review morphological knowledge online. 
To facilitate this review, the online Shandong First Medi-
cal University STEM Morphology System platform  (   h t t 
p s : / / s d f m u . h u m a n y u n . c o m     ) [17], which includes digital 
slices of human anatomy, histology, three-dimensional 
gross pathology, and histopathology, was used to sup-
port related self-directed learning. This platform is freely 
available on various electronic devices. Teachers also 
emphasized the combination and progressive learning of 
pathological and histological slices. To enhance test dif-
ficulty, histological and pathological slices were mixed 
together for testing on the final exam. Compared to stu-
dents in the control group, students in the intervention 
group sought out more supplementary materials prior 
to class relatively actively due to experiencing relatively 
greater pressure, which increased their motivation. Data 
of the STEM Morphology System platform also showed 

https://sdfmu.humanyun.com
https://sdfmu.humanyun.com
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that the intervention group exhibited relatively greater 
engagement and more data visits.

Competitive learning
The morphological drawing contests, map-recognition 
contests and the outstanding popular science articles 
selection contests were organized at Shandong First 
Medical University. Relative outstanding works were 
recommended for provincial and national competitions. 
Excellent works and participants were offered additional 
one-on-one guidance by the teachers who gave classes.

Cultivation of scientific research literacy and practical 
ability
High-achieving students with a passion for scien-
tific research from both the intervention and control 
groups were recruited to join scientific interest groups. 
To enhance their research skills, students who were 
recruited were required to complete weekly literature 
reviews and summary reports. In addition, related histo-
logical and pathological slices were produced for further 
observation and analysis. Some students interested in 
forensic medicine were allowed to participate in on-site 
autopsy investigations, making and observing slices for 
forensic cases analysis.

Statistical analysis
Students’ final grade was determined by scores on a theo-
retical exam (60%), experimental exam (20%), and forma-
tive assessment (20%); of these, the formative assessment 
(100%) included attendance (5%), questions and case 
discussions (15%), drawing (20%), mind mapping and 
routine tests (chapter, midterm, pre-class and in-class 
tests) (20%), flipped classroom (20%) and subjective top-
ics (20%). Students’ performance after class was consid-
ered for potential bonus points. To ensure the teaching 
program is well-designed and to continuously optimize 
and improve the teaching process, the questionnaire sur-
veys for both the intervention and control groups were 
conducted in the third and final weeks of the semester 
(first- test questionnaire and second- test questionnaire, 
respectively). These questionnaires covered specific top-
ics, such as learning behaviors and related satisfaction.

SPSS® 25.0 statistical software (IBM Corporation, 
Armonk, NY, USA) was used to analyze the final theo-
retical or experimental scores of both the intervention 
and control groups. GraphPad Prism®5 (GraphPad Soft-
ware Inc., La Jolla, CA, USA) was employed to gener-
ate corresponding histograms. Scores are presented as 
“mean ± standard deviation values”. T- tests were per-
formed to compare mean scores between the inter-
vention and control groups. P < 0.05 was considered 
statistically significant (with P < 0.01 indicating high 
significance).

For questions containing Likert-scored or ranked data 
(which were assumed to be non-normally distributed), 
responses to the first- and second- test questionnaires 
were compared between students using the non-para-
metric Wilcoxon signed-rank tests. Spearman rank-order 
correlations were conducted to examine relationships 
between perceived learning preferences and measured 
outcomes’ effectiveness. The mean of each effectiveness 
outcome, composed of all corresponding questionnaire 
items, was calculated. Spearman’s rho (rs) coefficient and 
P- value are reported for significant correlations. The sig-
nificance level was set at P < 0.05. Demographic data were 
analyzed using descriptive statistics.

This project received the approval from the ethics com-
mittee of experimentation of the Shandong First Medical 
University (decision no. R202103100178), and all partici-
pants signed an informed consent form.

Results
Improved ability to apply theoretical knowledge
In the first questionnaire survey of the intervention 
group, we received 85 effective Histology and Embryol-
ogy questionnaires and 106 effective Pathology question-
naires collected using “Questionnaire Star (Changsha, 
China)”. As such, the effective rate was 94.55% ([85 + 106] 
/ [91 + 111]). At the end of the teaching period, the 
intervention group submitted 88 valid Histology and 
Embryology questionnaires and 106 valid Pathology 
questionnaires as the second survey, with a resulting 
effective rate of 96.04% ([88 + 106] / [91 + 111]). Mean-
while, in the control group, responses to the first sur-
vey, resulted in an effective rate of 94.58% ([86 + 106] / 
[92 + 111]), while that for the second survey, was 96.59% 
([88 + 107] / [92 + 111]). The specific survey results are 
displayed in Table  1, and the satisfaction survey results 
are shown in Fig. 2. In terms of the clarity of Pathology 
teaching objectives, the intervention group indicated the 
strong agreement value was 58.49% and the agreement 
value was 30.19%, whereas the control group reported 
corresponding values of 35.51% and 21.50%, respectively 
(P = 0.000). When asked about the reasonableness of the 
arrangement for Pathology teaching, 51.89% responded 
“strongly agree” and 33.96% responded “agree” in the 
intervention group, while the corresponding percentages 
for the control group were 33.64% and 24.30%, respec-
tively (P = 0.000). In terms of overall satisfaction, stu-
dents in the intervention group expressed greater levels 
of contentment, with 45.28% reporting strong agreement 
and 35.85% reporting agreement. In contrast, in the con-
trol group, 23.36% strongly agreed and 32.71% agreed, 
respectively (P = 0.000). Similar trends were observed 
for Histology and Embryology. Also, according to the 
questionnaires, 82.35% of students studying Histology 
and Embryology (Fig. 3A) opted for the current blended 
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learning mode as the ideal mode. while 49.06% of stu-
dents studying Pathology preferred the current blended 
learning mode (Fig. 3B), and 30.08% preferred traditional 
offline learning. This suggests that freshmen students 
(studying Histology and Embryology) are more receptive 
to the current teaching method, while some of the sopho-
more students (studying Pathology) were more inclined 
to prefer the offline teaching mode. It is believed this is 
because Pathology is a bridging discipline with 50 theory 
hours and 40 experimental hours in the syllabus, and its 
proportion of experimental hours is relatively high; con-
sequently, offline study, encompassing slice observation, 
is also very important. Since students will deal with real 
patients and solve real problems related to diseases in the 
future, requiring students to observe slices under micro-
scopes and view real human or animal specimens enables 

them directly engage in grasping the characters of the 
specimens, such as the size, color, texture, and so on, so 
helping them to master related courses such as Pathology 
is crucial. The questionnaire of subjective views about the 
integrated ability of blended learning in the intervention 
group (Table 2) showed that more than 87.73 − 98.86% of 
the students believed that the current blended learning 
was superior to totally offline or online teaching modes, 
with fewer instances of students becoming drowsy or 
engaging in other distractions.

All students in the intervention group success-
fully completed online video tasks and chapter tests 
on time. The course content of various systematic sec-
tions (such as cardiovascular, respiratory, digestive, 
and urology systems) were taught in flipped classroom 
approach based on some cases. In comparison with the 

Table 1 Responses to the method’s effectiveness of students from the intervention group in the questionnaires
Survey content Course Time order N SA (%) A (%) N (%) D (%) SD (%) Mean P
Accept and enjoy the experimental flipped classroom His-Emb first 85 41.18 25.88 22.35 5.88 4.71 3.93 0.001

sec 88 61.36 28.41 9.09 1.14 0 4.50 0.001
Pat first 106 27.36 31.13 16.98 15.09 9.43 3.52 0.000

sec 106 50.94 26.42 17.92 3.77 0.94 4.23 0.000
Accept and enjoy the flipped theory class His-Emb first 85 40.00 28.24 20.00 8.24 3.53 3.93 0.037

sec 88 61.36 27.27 10.23 1.14 0 4.49 0.037
Pat first 106 25.47 27.36 17.92 22.64 6.60 3.42 0.000

sec 106 54.72 18.87 20.75 4.72 0.94 4.22 0.000
Accept and enjoy the case based teaching His-Emb first 85 47.06 24.71 17.65 5.88 4.71 4.04 0.011

sec 88 62.50 25.00 10.23 2.27 0 4.48 0.011
Pat first 106 40.57 26.42 20.75 2.26 0 3.95 0.000

sec 106 76.42 19.81 3.77 0 0 4.73 0.000
Accept the combination teaching of His-Emb and Pathology His-Emb first 85 47.06 35.29 9.41 8.24 0 4.21 0.035

sec 88 60.23 31.82 7.95 0 0 4.52 0.035
Pat first 106 58.49 24.53 12.26 4.72 0 4.37 0.001

sec 106 77.36 17.92 4.72 0 0 4.73 0.001
Accept and attend the related discipline competition His-Emb first 85 36.47 23.53 20.00 15.29 4.71 3.72 0.001

sec 88 55.68 23.86 17.05 3.41 0 4.32 0.001
Pat first 106 29.25 26.42 32.08 8.49 3.77 3.69 0.000

sec 106 77.36 17.92 4.72 0 0 4.73 0.000
Accept and make the mind mapping His-Emb first 85 38.82 29.41 23.53 5.88 2.35 3.96 0.004

sec 88 56.82 27.27 15.90 0 0 4.41 0.004
Pat first 106 31.13 27.35 33.02 6.60 1.89 3.79 0.000

sec 106 79.25 10.38 10.38 0 0 4.69 0.000
Accept and write subjective topics His-Emb first 85 35.29 29.41 18.82 11.76 4.71 3.79 0.003

sec 88 55.68 23.86 15.91 3.41 1.14 4.30 0.003
Pat first 106 28.30 29.25 30.19 9.43 2.83 3.71 0.000

sec 106 66.04 13.21 19.81 0.94 0 4.44 0.000
Accept and view the virtual and real slices His-Emb first 85 38.82 27.06 20.00 11.76 2.35 3.88 0.000

sec 88 68.18 25.00 6.82 0 0 4.61 0.000
Pat first 106 28.30 29.25 30.19 9.43 2.83 3.79 0.000

sec 106 74.53 14.15 10.38 0.94 0 4.62 0.000
Note: N = Number of students surveyed; His-Emb = Histology and Embryology; Pat = Pathology; first = first-test questionnaire; Sec = second-test questionnaire. 
Frequency distribution, mean score, and significance of students’ perceptions are reported; first test questionnaire was carried before blended learning and second 
test questionnaire was carried after blended learning using the non-parametric Wilcoxon signed-rank test. Likert scale item measurements: 1 = strongly disagree 
(SD), 2 = disagree (D), 3 = neutral (N), 4 = agree (A), 5 = strongly agree (SA). Data are expressed as a percentage of the respondents to both questionnaires of Histology 
and Embryology and Pathology. *Statistically significant, p < 0.05
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first- (Supplementary Material S6) and second- test ques-
tionnaires (Supplementary Material S7) in Table 1 illus-
trates that the results of the second questionnaire were 
notably superior to those of the first (P < 0.05) when con-
sidering students’ attitudes toward the contents of the 
flipped theory course, the integration of “Histology and 
Embryology” and “Pathology”, mind mapping, subjec-
tive topics, the integrated lectures, and so on. This indi-
cates that, after experiencing blended learning, students 
gained a deeper comprehension of the blended learn-
ing mode and could apply theoretical knowledge more 

freely. Concerning the writing of subjective topics, stu-
dents in the intervention group displayed the ability to 
articulate their perspectives in various dimensions and 
forms, including related medical, scientific, psychologi-
cal, and social dimensions, as well as in the forms of the 
research papers, essays, poems, cartoons (Supplemen-
tary Material S8), songs, and animations (Supplemen-
tary Material S9). In contrast, those in the control group 
were more inclined to express opinions through a sin-
gular medium (popular science papers). Mind-mapping 
productions made by the intervention group were both 

Fig. 2 Students’s satisfaction with the teaching of Histology and Embryology or Pathology
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software-generated (Supplementary Material S10) and 
hand-written (Supplementary Material S11), whereas the 
control group predominantly developed hand-written 
ones. Moreover, the contents of the mind mappings in 
the intervention group were generally more comprehen-
sive than those in the control group. This demonstrates 
that the diverse teaching methods employed in the 
blended learning stimulated the critical thinking among 
students, broadening their analytical approaches to prob-
lem-solving and, consequently, enhancing their multidi-
mensional problem-solving skills.

Figure 4 displays the final written theoretical scores 
of both the intervention and control groups at the end 
of the semester. The difference in students who earned 
90–100 points between the intervention and the control 
groups was statistically significant (P = 0.000) in a man-
ner favoring students in the intervention group, suggest-
ing that blended learning effectively improves the final 
written theoretical scores of students with self-directed 
learning capabilities (Fig.  4). Additionally, the differ-
ence in students who scored the 60–70 points between 
the intervention and control groups was also statisti-
cally significant (P = 0.002), with the intervention group 
having significantly fewer students scoring 60–70 points 
compared to the control group. This suggests that tradi-
tional instructive teaching was more advantageous for 
students with limited self-directed learning abilities. As 
indicated in Table  3, the final written theoretical scores 
for Pathology were 74.77 ± 13.25 points (control group) 
and 83.0 ± 11.85 points (intervention group), respectively, 

with a statistically significant differences (P = 0.000). 
This suggests that the intervention group exhibited an 
improved teaching effect, especially for students with a 
strong inclination to learn and robust self-directed abili-
ties. Blended learning offers more advantages than tradi-
tional teaching in this context.

Improved experimental observation ability
Throughout the semester, students in the intervention 
group participated in a total of 15 flipped experiment 
classes based on the presented cases, and the final score 
for pathological experiments (reading slices examination) 
in the intervention group was 86.88 ± 9.69 points, sur-
passing that (81.08 ± 13.01 points) of the control group 
(Table 3) (P = 0.000). This indicates that the flipped class-
room learning approach during the experimental class 
effectively enhanced students’ observational, linguis-
tic, and explanatory skills. As seen in Fig.  2, the survey 
on overall satisfaction with the Pathology experimen-
tal lectures revealed that the proportions of students in 
the intervention group who strongly agreed and agreed 
(50.00% and 34.91%, respectively) were significantly 
greater than those in the control group (25.23% and 
32.71%, respectively; P = 0.000). The survey on overall 
satisfaction with the Histology and Embryology experi-
mental lectures also revealed that the proportions of stu-
dents in the intervention group who strongly agreed and 
agreed (57.95% and 31.82%, respectively) were signifi-
cantly higher than those in the control group (34.09% and 
28.41%, respectively; P = 0.000).

Fig. 3 Proportion of students tending to choose which mode of teaching was best for the future in the intervention group in 2021. (A) Students studying 
Histology and Embryology. (B) Students studying Pathology
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In the control group, students were exposed to tradi-
tional teaching, resulting in passive familiarity with slice 
observation. Notably, they may have found it difficult to 
engage in self-directed learning to seek related organiza-
tional structures’ knowledges, because being passively fed 
with knowledge has become a common routine. In con-
trast, in the intervention group, students engaged with 
a substantial number of online videos and digital slices 
before class. Most of the questions in class were initi-
ated and addressed by students, who could more actively 
explore issues in the process of self-directed learning. As 
shown in Table 1, when asked about whether they were 
willing to participate in the flipped experiment class, 
more students in the second questionnaire of the inter-
vention group expressed acceptance (41.18% strongly 
agreed and 25.88% agreed in the first - test question-
naire for Histology and Embryology compared to 61.36% 
who strongly agreed and 28.41% who agreed in the sec-
ond - test questionnaire, respectively; P = 0.000). Similar 
trends were observed for Pathology, with 27.36% strongly 

agreeing and 31.13% agreeing in the first - test question-
naire and 50.94% strongly agreeing and 26.42% agree-
ing in the second questionnaire (P = 0.000). However, 
the control group exhibited little difference between the 
first- and second - test questionnaires (P > 0.05). This is 
attributed to the intervention group having gone through 
blended learning and truly recognizing its advantages, 
resulting in greater satisfaction in the second question-
naire. Conversely, the control group did not experience 
blended learning, making it challenging for them to 
perceive its benefits (or perhaps they held reservations), 
leading to no significant difference between the results of 
the first- and second - test questionnaires.

Discipline competition promotes learning
From Table 1, it is evident that most students expressed a 
willingness to partake in the competitions. Almost all the 
students in the intervention group and the control group 
participated in the activity. However, the students in the 
intervention group seemed to be more proactive and 

Table 3 Comparison of scores in theory (final written examination) and experiment (reading slices examination) between 
intervention group and control group in pathology
Course Group N Mean SD T df Significance level
Pathological theoretical scores Control 111 74.77 13.25 -4.87 220 0.000***

Intervention 111 83.00 11.85
Pathological experimental scores Control 111 81.08 13.01 3.77 220 0.000***

Intervention 111 86.88 9.69
Note: *Statistically significant, P < 0.05, *** Statistically magnificent significant, P < 0.001

Abbreviation: N = Number of students; SD = standard deviation; T = t test

Fig. 4 Different score intervals for the intervention and control groups in the final theory examination of Pathology. Notes: ***: P < 0.001, **: P < 0.01, *: 
P < 0.05; ns: no statistically significant difference
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active, so the number of winners was also relatively larger. 
In 2021, two first prizes, three second prizes, and five 
third prizes were awarded in the university-level painting 
competition. In addition, excellent drawing works from 
students (Fig. 5) in the intervention group were selected 
to participate in the National painting competition, yield-
ing one third prize (Fig.  6A) and one first prize award 
(Fig. 6B). Meanwhile, the control group only received one 
third prize in the national painting competition. In 2022, 
the intervention group also clinched a second prize in 
the national painting competition (Fig. 6C) and one third 
prize in the national popular science literature’s writ-
ing competition (Fig.  6D, Supplementary Material S12). 
While the control group only garnered one second prize 
in the university painting competition. Furthermore, we 
found that the award-winning students all ranked in the 
top 10% of their class. This underscores that participating 
in discipline competitions effectively increases students’ 
interest in learning. Moreover, the awards themselves 
serve as commendations, further motivating them to 
engage with their studies.

Students’ scientific research and practical ability were 
improved
In 2021, a greater number of students expressed a will-
ingness to participate in scientific interest group (86 were 
enrolled from the intervention group, while 49 were from 
the control group). Students from the intervention group 
demonstrated relatively greater excellence during the sci-
entific research training process, with numerous students 
participating in national, provincial, and university-level 
college student innovation and entrepreneurship com-
petitions, as well as basic medical innovation research 
and experimental design forums, earning related awards 
as a result. Thirty students from the intervention group 
consistently participate in the scientific interest group. 
Eventually, nine students secured prizes in the university-
level Competitions, provincial-level, and/or national-
level (Supplementary Material S13). Since winning 
awards can stimulate students’ interest in participating, 
Approximately, one-third of the students remained active 
throughout the process (30 students in the intervention 
group, 16 in the control group). A total of 71 students 

Fig. 5 Excellent drawing works from students in the intervention group. (A) The girl is gradually enveloped by cancer cells. She holds a pink ribbon in 
her left hand, signifying support of the global breast cancer prevention campaign, hoping for “early prevention, early detection, and early treatment”. (B) 
Multiple spindle rheumatic bodies can be seen in the interstitium of the myocardium, and various rheumatic cells and cellulose-like necrosis can be seen 
in the small bodies. (C) With the core of “No icon” as the basis, hepatocyte steatosis and lung squamous cell carcinoma are seen. Appearing like a dream 
bubble in a wine glass, squamous cell carcinoma keratosis beads into the flame of a cigarette end, implying that the joy of tobacco and wine is just a 
foaming of life
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Fig. 6 (See legend on next page.)
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(82.56%) in the intervention group persisted until the 
end of the experiment, while only 35 students (71.43%) in 
the control group persisted until the end of the scientific 
interest group.

Forensic pathology is the extension and application of 
general pathology (21 were enrolled from the interven-
tion group, while 8 were from the control group); after 
training, students are expected to rethink the importance 
of related morphological knowledge and learn to inte-
grate the knowledge of various disciplines to solve prac-
tical problems. Most participants felt the significance of 
participating in this activity and persisted active until the 
end (20 in the intervention group and 7 in the control 
group).

Discussion
The “Histology and Embryology” and “Pathology” 
courses play crucial roles in the undergraduate medi-
cal curriculum [18]. This study places emphasis on the 
reverse design and construction of a student-centered 
curriculum system [19] based on OBE concepts. The 
objective was to train proficient medical students in sci-
entific thinking, improve their adaptability to the post-
epidemic era, enhance their ability to meet clinical needs, 
and encourage possession of independent analytical and 
problem-solving skills [20]. To achieve this, the teach-
ing team implemented a novel outcome-based blended 
learning model aiming at cultivating students’ overall 
qualities, such as the abilities to acquire and apply knowl-
edge, communicate and ask questions, write and draw, 
conduct scientific research, and so on. According to our 
findings, this approach serves as an effective teaching 
modality during the crisis of a pandemic outbreak and 
was demonstrated to enhance various students’ educa-
tional experiences, such as their thinking styles, prob-
lem-solving capacities, self-discipline, and independent 
learning skills [21, 22]. Teachers were transformed from 
disseminators of knowledge into leaders and designers of 
problems [23], which facilitates teacher-student interac-
tion and fosters a supportive and efficient learning envi-
ronment [24]. Consequently, the resulting collaborative, 
friend-tutoring, and participatory approach was better 
poised to achieve higher-order, innovative, and challeng-
ing learning objectives [25].

Online learning serves as a preparatory phase for 
face-to-face teaching, boasting numerous advantages 

including rich content, convenience, and flexibility [26, 
27]. Subsequently, both horizontal and vertical knowl-
edge integration are reinforced through offline learning. 
This arrangement encourages students to adopt a more 
active role in comprehensive and systematic curriculum 
learning [15]. The flipped classroom also holds signifi-
cant appeal and feasibility [28]; it fosters deeper engage-
ment, primarily involving team-based activities, and is 
able to host flexible and varied activities such as presen-
tations, Q&A sessions, discussions, role-plays, argumen-
tative exchanges, and so on [29–31]. This collaborative 
approach can cultivate students’ team spirit, reduce med-
ical errors, and achieve an effect where the whole is 
greater than the effect, i.e., the sum of 1 + 1 > 2 [32].

Freshmen and sophomores have limited opportuni-
ties to handle clinical cases. As aspiring doctors, they 
are typically brimming with curiosity, eager to apply 
newly acquired morphological knowledge to compre-
hend and elucidate the clinical presentations of patients. 
We adopted the case-based teaching in select chapters, 
compelling students to achieve a state of “early clinical, 
multi-clinical, and repetitive clinical” learning [16]. This 
inspires them to grasp robust knowledge and cultivate 
multidimensional thinking [33]. However, the selection 
and creation of cases require comprehensive and care-
ful consideration: cases should align closely with the 
syllabus, show novelty, and be carried out according to 
the good clinical practices. Case teaching represents an 
in-depth exploration, akin to reading a book and letting 
it become “thicker”. Meanwhile, the process of a mind-
mapping creation corresponds to reading a book and let 
it become “thinner”, which can also aide students in dis-
tilling key knowledge, enhancing their memory and com-
prehension of the chapter and course. The amalgamation 
of these approaches not only broadens students’ perspec-
tives but also aids in constructing a sturdy knowledge 
framework, fostering a deeper comprehension of differ-
ent diseases.

Digital virtual slices alleviate issues of fading and dam-
age, providing ease in organization, archiving, classifi-
cation, and viewing [34]. Some research indicates that 
learning from virtual slices compared to learning from 
traditional slices engenders a student’s greater interest 
than from traditional slices [35–37]. However, given that 
clinical pathology work is mainly based upon real slice 
observation, our emphasis remains on offline glass slices’ 

(See figure on previous page.)
Fig. 6 Excellent works of drawing and popular science literature writing from the intervention group receiving the corresponding national awards. (A) 
The “Breast Cancer” artwork (corresponding to Fig. 5. (A)) drawn by students from the intervention group under guidance in 2021 won the third prize of 
the First National College Students’ Medical Morphology Mapping Exhibition. (B) The “Rheumatic Myocarditis” artwork (corresponding to Fig. 5. (B)) drawn 
by students from the intervention group under guidance in 2021 won the first prize of the First National College Students’ Medical Morphology Mapping 
Exhibition. (C) The “Bad Addiction-the Harm of tobacco and alcohol” (corresponding to Fig. 5. (C)) drawn by the students from the intervention group 
under -guidance in 2022 won the second prize of the Second National College Students’ Medical Morphology Mapping Exhibition. (D) The “Excellent 
popular science article about breast cancer” essay written by students from the intervention group under guidance in 2022 (corresponding to Supple-
mental Material S12) won the third prize of the Second College Students’ Medical Morphology Science Essay Competition



Page 14 of 17Liu et al. BMC Medical Education          (2025) 25:719 

observation, with virtual slices serving as only a supple-
mentary tool. This dual teaching approach, integrating 
real and virtual elements, plus the case-based practical 
application of a flipped classroom, imparts more solid 
knowledge acquisition and finally resulted in an elevated 
standard of experimental teaching.

Encouraging participation in the painting competi-
tion and slice recognition contest aided students in their 
familiarity with histological constructions and patho-
logical changes in each specimen. This not only boosted 
their interest in painting but also helping them to under-
stand the diverse morphological changes of the disease 
simultaneously and discover the beauty of the micro-
scopic world, thus making seemingly tedious knowledge 
become intriguing. Both the appraisement of popular 
science literature writing and subjective topic comple-
tion are based on originality, meaningful contents and 
rich forms. The activities of various types organized at 
different levels as mentioned above, can instill a sense of 
life education, emphasizing the combination of science 
and beauty, which also promotes the further perfection 
of personality. Along these lines, we also diligently nur-
tured members of the scientific research interest group, 
encouraging them to love scientific research and per-
sistent self-improvement, which will help them to culti-
vate a habit for scientific inquiry and ultimately develop 
valuable assets for their future further study. Through-
out the entire process of these activities, the number of 
participants and winners in the intervention group was 
relatively larger than that in the control group. Moreover, 
they maintained an active state and persisted until the 
end relatively more often than those in the control group. 
This indicates that systematic training for the interven-
tion group seems more likely to stimulate their subjective 
initiative.

Furthermore, by incorporating clinical knowledge and 
teaching and attending related integrated lectures, stu-
dents are better equipped to assimilate into clinical set-
tings, gaining early exposure to clinical applications. 
This approach enables students to have a more compre-
hensive understanding of diseases from foundational 
principles to clinical manifestations, ultimately, helping 
teachers to shape a cadre of high-caliber medical profes-
sionals endowed with independent thinking and innova-
tive prowess.

The intervention group only adopted the blended 
learning within the systematic course sections this 
semester. This decision was made by taking into account 
several factors. First, the academic load for students this 
semester was substantial; all-encompassing blended 
learning might have overwhelmed those with weaker 
self-regulation skills. Second, for those students whose 
foundational knowledge was not yet solid, some concepts 
might be challenging to grasp through independent study 

alone. Figure 3 illustrates that most students endorse the 
current partially offline and partially blended learning 
pattern. The results of the questionnaire (Table  2) echo 
this sentiment, indicating that students in the interven-
tion group perceive the novel blended learning mode as 
superior to entirely online or entirely offline modes.

Combining diverse educational methods and tools 
yields more favorable outcomes than using them in isola-
tion [38]. Continuous reflection and innovative, creative 
strategies are required in the teaching and learning pro-
cess [39–41]. Consequently, our approach was student-
centered, case-based, and outcomes-driven [42, 43] 
embracing a flexible, novel blended learning model and 
following a P-C-P-E-S-E teaching sequence. Through 
practical application, it was observed that the overall 
teaching effectiveness for the intervention group sur-
passed that of the control group, a finding substanti-
ated by examination and questionnaire data. This is also 
consistent with prior studies that have found blended 
learning to be superior to traditional teaching methods 
[44–46].

Limitations of the study
The study, conducted in 2021 among clinical medicine 
students, faced limitations due to limited class hours, 
impeding students’ presentation opportunities. Some 
struggled with the rapid course pace and diverse teach-
ing methods, especially those with weaker foundations. 
Addressing these, our team allocated more time to offline 
teaching when propagating the intervention group’s 
teaching mode to 2022 and 2023. In 2022, questionnaires 
revealed that 72.31% (Pathology) and 86.36% (Histol-
ogy and Embryology) of students preferred the novel 
blended learning mode (Figure A and Figure B, Supple-
mentary Material S14), offering more self-demonstra-
tion chances, case analysis, and knowledge expansion. 
However, self-directed online learning lacked sufficient 
supervision and evaluation. Future plans include lever-
aging questionnaire and platform data for direct student 
communication, enhancing feedback acquisition, and 
improving teaching design. Additionally, while teaching 
videos were uploaded to the “Xuexi Tong” platform, they 
were not in accessible sections, hindering reading data 
collection. Our teaching model’s promotion at Xiangya 
Medical College received positive feedback, with 89.04% 
of Pathology students favoring it (Figure C, Supplemen-
tary Material S14). Despite these successes, one teaching 
method doesn’t fit all; our research provides references 
but requires customization. As “Xuexi Tong” introduces 
AI features in 2024, we aim to leverage them to further 
enhance educational outcomes.
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Conclusions
In summary, the post-COVID-19 era has brought both 
challenges and opportunities for higher education. Our 
teaching mode can effectively function new outbreaks 
or the re-emergence of various epidemics. Undertak-
ing teaching reform and enhancing educational efficacy 
are imperative for medical education, and teachers serve 
as the vanguards and conductors of this transformation. 
As the proverb goes, “Only famous teachers can produce 
excellent students”. Hence, educators forming a teaching 
team may not only bolster their own learning but also 
optimize the teaching scheme continually. Of particular 
importance, they should refine their teaching mode and 
methods based on students’ feedback. While the path 
to teaching reform is demanding and fraught with chal-
lenges, witnessing the progress and score improvements 
of students brings us great satisfaction and encourage-
ment. Our reform, based on OBE concepts, centered on 
students, prioritizing their self-directed learning capa-
bilities; emphasizing formative evaluation through the 
learning process; and promoting active, in-depth, and 
applied learning. Here, classroom flipping drove learn-
ing, experiments helped learning, subjective topics 
enhanced learning, drawing urged learning, mind-map-
ping summarized learning, integrated lectures expanded 
learning, case analysis deepened learning, and scientific 
research fed learning. This novel blended learning mode 
of medical morphology, combining normal histological 
structures with abnormal pathologic changes, reinforc-
ing communication between teachers and students, and 
implementing various forms of blended learning reforms, 
can improve students’ self-directed learning and compre-
hensive abilities. Such can lay a solid foundation for stu-
dents’ future clinical learning, and is beneficial for during 
the post-epidemic era or even in future variable environ-
ments. Such can also offer promotional instructive model 
value to Shandong First Medical University and other 
medical institutions of the same level.
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