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Abstract
Background: To investigate the effect of the bridge-in, objective, preassessment, participatory learning, post assess‑
ment, and summary (BOPPPS) model combined with case-based learning (CBL) on ophthalmology teaching for fiveyear paediatric undergraduates.
Methods: The effects of the BOPPPS model combined with CBL (BOPPPS-CBL) and traditional lecture-based learn‑
ing (LBL) on ophthalmology teaching were compared among students in a five-year programme. The questionnaire
surveys of the students were collected and statistically analysed after the class. The final examination scores, including
on elementary knowledge and case analysis, in the two groups were analysed.
Results: There were no statistically significant differences between the teachers and students in the baseline data.
More students agreed that the BOPPPS-CBL model helped develop their problem-solving skills, analytical skills and
motivation for learning better than the LBL model. There was no significant difference in learning pressure between
the two groups. The final examination scores of the BOPPPS-CBL group were significantly higher than those of the LBL
group. The overall course satisfaction of the BOPPPS-CBL group was obviously higher than that of the LBL group.
Conclusions: The BOPPPS-CBL model is an effective ophthalmology teaching method for five-year paediatric
undergraduates.
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Background
Ophthalmology is a highly practical subject that greatly
emphasizes the clinical thinking ability and complex
clinical problem solving. Ophthalmic education is a cornerstone to improving eye health care globally [1]. It is
essential not only for the training of future ophthalmologists but also for medical practitioners from other
disciplines in general, as visual system dysfunction may
provide clues for the diagnosis of systemic diseases [2,
3]. However, the decline in ophthalmology experience
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and exposure in medical schools was universal and
severe [1, 4]. It is essential to propose new educational
responses and reforms to mitigate the decline in exposure and training in ophthalmic education. Ophthalmology education is a unit of sensory system teaching for
five-year programme students at the College of Pediatrics of Chongqing Medical University. Limited teaching
time is also a dilemma for our ophthalmic education for
undergraduates. Traditional lecture-based learning (LBL)
instruction has been the foundation for transferring
basic information to medical students on clinical rotations, which is typically focused on the teacher and how
facts are transferred to the student for retention and later
recall [5]. Little attention is given to problem solving,
which may inhibit the learning initiative and enthusiasm
of students. Therefore, strategies that improve learning
initiative and self-learning ability are the focus of educational innovation in China.
The bridge-in, objective, preassessment, participatory learning, post assessment, and summary (BOPPPS)
model originated in the Instructional Skill Workshop
(ISW) in British Columbia, Canada, in the 1970s [6].
Based on constructivism and communication methods,
the BOPPPS teaching model constructs a complete teaching process and theoretical framework for the achievement of teaching objectives, forms a closed loop teaching
unit with a complete system, and pays more attention to
the effectiveness of teaching objectives and the diversity
of teaching methods [7]. The BOPPPS model divides the
classroom teaching process into 6 stages (or elements):
bridge-in (B), objective (O), preassessment (P), participatory learning (P), postassessment (P) and summary (S).
In recent years, this model has been widely considered
by Chinese educational institutions and colleges and has
been gradually applied to medical teaching [7, 8].
Ophthalmic education has many knowledge points
and focuses on the ability to combine theory with practice [9]. Diminishing ophthalmology clerkships and limited teaching time devoted to ophthalmology in medical
curricula globally is a recurrent issue [1, 4]. A consensus
has emerged that strategies are needed to focus on how
to optimize the limited time allotted to ophthalmology
[4]. For decades traditional lecture-based learning (LBL)
has been the most widely used model in China [10].
LBL centres teaching around lecture-based instruction,
emphasizing the delivery of syllabuses and concepts [11].
In traditional LBL teaching in China, teachers are mainly
active, while students play a more passive role in accepting knowledge. LBL often leads to unsatisfactory learning outcomes because medical students passively receive
knowledge from instructors with little interaction, and
lack motivation to study and innovate [12, 13]. Therefore,
in recent years, educators have been innovating teaching
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models (problem-based lecture, team-based learning,
flipped classroom) to improve students’ learning interests, innovation ability and so on. These education models show some advantages comparing with traditional
LBL [14–16].Case-based learning (CBL) originated from
Harvard University in the twentieth century and has been
proven to enhance students’ learning by aiding them in
linking theory to clinical practice [17]. To improve students’ abilities to analyse and solve problems, teaching
strategies increasingly emphasize their active participation. The BOPPPS teaching model has been shown to
be more effective than the LBL model in the teaching of
other medical specialties [7, 8]. This study was a preliminary investigation into the effectiveness of the BOPPPSCBL model on ophthalmology education for five-year
paediatric undergraduates.

Methods
Ethical approval

This study was performed in accordance with the Helsinki Declaration. This research comes from education
reform project (the Project on University First-Class
Undergraduate Course of Chongqing Education Commission NO.2021–168) and are exempt from Ethics
Committee of the Children’s Hospital of Chongqing
Medical University. The informed consent was obtained
from all participants.
Participants

The research is a non-randomized control trial. The
participants comprised 87 five-year paediatric learning ophthalmology at the Children’s Hospital of Chongqing Medical University from April 1
st, 2020, to May
th
30 , 2021. All undergraduates studied ophthalmology in
their sixth semester. Forty-three undergraduates in 2017
were included in the traditional LBL group (LBL group),
and 44 undergraduates in 2018 were included in the
BOPPPS-CBL group (BOPPPS-CBL group) (Table 1).
Design

The educational material was the Diseases of the Sensory System textbook (Hu GH, Zhou SB. 1st Ed. People’s
Medical Publishing House). The BOPPPS-CBL and LBL
model flowchart is summarized in Fig. 1. We chose conjunctivitis as the focus to apply the teaching approaches
in this study. Briefly, the traditional LBL design included
three parts. First, the participants were encouraged to
preview the related textbook or reference materials prior
to the class. Then, in the class, the teacher explained the
theoretical knowledge using PowerPoint and the necessary pictures. The students listened and took notes. Last,
the teacher assigned homework to the students. If the
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Table 1 Characteristics of the participants of the two groups
Characteristics

BOPPPS-CBL group (n = 44)

LBL group (n = 43)

X2/t

P Value

0.556

0.46

Sex
Male, n (%)

25 (56.82)

21 (48.84)

Female, n (%)

19 (43.18)

22 (51.16)

21.39 ± 0.12

21.15 ± 0.14

1.27

0.21

0.61

0.74

Age in years, (mean ± SD)

Interest in specialty
strong

25

26

normal

18

15

lack

1

2

Fig. 1 Flowchart of teaching design of the BOPPPS-CBL and LBL groups

students had any questions, the teacher answered them
and reviewed the relevant knowledge points after class.
The BOPPPS-CBL model comprises six parts, bridgein, objective, preassessment, participatory learning, post
assessment, and summary, based on the cases. The main
purpose of bridge-in design is to enable medical students to understand the main content of the course in a
framework and stimulate their strong interest in learning. Before class, the teachers introduced two cases of
conjunctivitis online teaching platforms (http://cqmu.f y.
chaoxing.com/portal) and motivated the students’ interest in learning clinical diseases characterized by “red
eye” and “increased secretions”. According to the course
syllabus of the College of Pediatrics of Chongqing Medical University, the objective part clearly specified tactics for the diagnosis and treatment of conjunctivitis as

the focus of this course. The preassessment was offered
online with the question “Is pinkeye infectious?” In
class, based on the two conjunctivitis cases presented
online, the students stated and discussed the tactics for
diagnosis and treatment. The role of the teachers was to
help the students focus on the learning objectives and
ensure answers related to more difficult questions. Postassessment was designed with 3 choice questions online.
According to the post-assessment results, the teachers
adjusted the follow-up teaching content to improve the
teaching efficiency. Finally, in class, the students summarized the knowledge they learned, and the teachers
summarized the focus and difficult knowledge points.
After class, the teachers encouraged the students to learn
expansively for the course (such as expert consensus and
clinical guidelines).
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Evaluation

After the class, the students from both groups were asked
to complete an anonymous questionnaire. The questionnaire was a modified version of the course evaluation
questionnaire (CEQ), which has verified reliability and
validity [18]. The students’ perspectives and self-evaluations were quantified using a five-point Likert-type scale
ranging from a score of one for strong disagreement to a
score of five for strong agreement (Table 2). To evaluate
the students’ understanding of the course material, we
analysed the scores of their fundamental knowledge and
case analyses with a final exam at the end of the semester.
Statistical analysis

All statistical analyses were carried out using SPSS 22.0
(SPSS, Inc., Chicago, IL). The measurement data are
expressed as the means ± SD and analysed by the t test.
Categorical data were analysed by the chi-square test.
Statistical significance was defined as p < 0.05.

Results
The general characteristics of the two groups are shown
in Table 1. The five-year paediatric undergraduate students in 2017 (the LBL group) comprised 43 individuals, including 22 females and 21 males. The mean age of
the LBL group was 21.15 years. The five-year paediatric
undergraduate group in 2018 (the BOPPPS-CBL group)
comprised 40 individuals, of whom 19 were female and
25 were male. The mean age of the BOPPPS-CBL group
was 21.39 years. Students’ interest in ophthalmology specialty was graded by strong, normal, and lack. No significant differences in general characteristics, including sex,
age, and interest in specialty, were found between the two
groups (P > 0.05).
Table 2 compares the students’ perspectives on the traditional LBL model and the BOPPPS model combined
with those on the CBL model. More students agreed

that the BOPPPS-CBL model helped develop their problem-solving skills (4.34 ± 0.86 vs. 3.70 ± 1.12, P < 0.01),
analytical skills (4.32 ± 0.88 vs. 3.79 ± 1.01, P < 0.01),
and motivation for learning (4.25 ± 0.89 vs. 3.63 ± 1.05,
P < 0.01) better than the LBL model. More students in
the BOPPPS-CBL group (4.36 ± 0.87 vs. 3.86 ± 1.01,
P < 0.01) than in the LBL group agreed that they knew
the expected standard of work. Although students in
both groups considered the course to be overly theoretical and abstract, they thought the BOPPPS-CBL model
better promoted knowledge retention than the LBL
model (4.23 ± 0.99 vs. 3.70 ± 1.06, P < 0.01). There was no
significant difference in learning pressure between the
two groups; however, more students in the LBL group
thought the preclass workload was too high (2.93 ± 1.01
vs. 2.52 ± 1.42, P = 0.04). Through the BOPPPS-CBL
course, more students felt confident about tackling unfamiliar problems than through the LBL course (4.20 ± 0.98
vs. 3.53 ± 1.12, P < 0.01). Overall, the course satisfaction of the BOPPPS-CBL group was obviously higher
than that of the LBL group (4.59 ± 0.69 vs. 3.84 ± 1.02,
p < 0.01).
The final examination scores of the BOPPPS-CBL
group were significantly higher than those of the LBL
group (39.91 ± 4.99 vs. 37.28 ± 3.77, P < 0.01), and the
difference was statistically significant (p < 0.05). In terms
of case analysis, the scores of the BOPPPS-CBL group
were obviously higher than those of the LBL group
(18.30 ± 2.02 vs. 16.81 ± 2.43, P < 0.01). There was no
significant difference in fundamental knowledge scores
between the two groups (21.60 ± 5.10 vs. 20.47 ± 4.33,
P = 0.28) (Fig. 2).

Discussion
Ophthalmology is a clinical subject with professional features. In recent decades, three themes evolving in ophthalmic medical education. Firstly, the focus has shifted

Table 2 Comparison of the modified course experience questionnaire between the CBL- BOPPPS group and the LBL group
Question

CBL- BOPPPS

LBL

t

P Value

It is always easy to know the standard of work expected

4.36 ± 0.87

3.86 ± 1.01

4.32 ± 0.88

The course developed my problem-solving skills
The course sharpened my analytic skills
The course promotes the memorization of knowledge
The course is overly theoretical and abstract
The course helps enhance my motivation to learn
The course gives me too much preclass work
I feel confident about tackling unfamiliar problems
There are many pressure on me to do well in this course
Overall, I am satisfied with the course

4.34 ± 0.86

4.23 ± 0.99

3.50 ± 1.36

4.25 ± 0.89

2.52 ± 1.42

4.20 ± 0.98

3.07 ± 1.37

4.59 ± 0.69

6.33

0.00

3.70 ± 1.12

8.42

0.00

3.79 ± 1.01

6.63

0.00

3.70 ± 1.06

4.37

0.00

3.42 ± 1.05

0.39

0.70

3.63 ± 1.05

5.44

0.00

2.93 ± 1.01

2.12

0.04

3.53 ± 1.12

5.25

0.00

3.26 ± 1.23

1.46

0.15

3.84 ± 1.02

5.96

0.00

This survey adopted a five-point Likert-type scale (1, strongly disagree; 2, disagree; 3, neutral; 4, agree; 5, strongly agree). Values are means ± SD.
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Fig. 2 Comparison of the final examination scores between the BOPPPS-CBL group and the LBL group. ** indicates P < 0.01

from what to teach to how best to teach better. Secondly,
medical education has evolved from teacher-centred to
learner-centred. Lastly, medical education has shifted
from an apprenticeship model to a new competencybased model of education [19]. However, there are still
many problems in ophthalmology education during the
process of teaching mode transformation. Ophthalmology falls into one of the smaller specialities and as such
is allocated a smaller component of the total curriculum
[20]. Academic experience and exposure to ophthalmology in medical school curricula have a global decline for
decades [1, 4]. In addition, the COVID-19 pandemic has
presented numerous challenges for ophthalmology education [21, 22]. There have been many novel and unique
international educational innovations in ophthalmic
curricula content (competency-based curriculum [20],
structured academic curriculum [23]), teaching methodologies (virtual learning [21, 24], the online delivery of
virtual ophthalmology clinic [25]), instructional design
(team-based learning [26], flipped classrooms [16]) to
enhance ophthalmology teaching to medical students
education.
In China, paediatric ophthalmology is a subspecialty in
ophthalmology and is a third-level subject. Ophthalmology education is a branch unit of sensory system teaching for five-year paediatric undergraduates at the College
of Pediatrics of Chongqing Medical University. The traditional instructional approach focuses on LBL as the
teaching centre, emphasizing the delivery of the syllabus
and concepts [27]. Students passively accept the knowledge, leading to the reduction in learning initiative and
enthusiasm. At present, traditional teaching methods
cannot meet the needs of medical education students.
New teaching methods are constantly being tested and
improved by educators.CBL has been used in the medical field since at least 1912, when it was used by Dr. James

Lorrain Smith while teaching pathology at the University
of Edinburgh [28]. The goal of CBL is to prepare students
for clinical practice through the use of authentic clinical cases. Unlike the traditional method, the CBL model
links theory to practice through the application of knowledge to clinical cases using inquiry-based learning methods [17]. CBL requires advanced preparation by students
and provides a more structural strategy for learning. It is
based on concrete cases and characterized by effective
and interactive teaching [17]. By discussing a clinical case
related to the topic being taught, students evaluate their
own understanding of the concept using a high order of
cognition. This process encourages active learning and
produces a more productive outcome [29].
The BOPPPS model, originating from North America,
is a brand-new teaching model. The teaching process
with a six-phase framework, including the bridge-in,
objective, preassessment, participatory learning, post
assessment and summary phases, emphasizes the participation of students through feedback during the teaching process [30]. In addition, this model accelerates the
teaching cycle as a whole, including goals, behaviours,
learning activities, and evaluation [31]. In recent years,
the BOPPPS model, which pays more attention to the
role of students’ initiatives in the teaching process and
fully mobilizes their initiatives in the learning process,
has been widely considered in China [32]. A large amount
of the literature has shown the advantages of the BOPPPS
model in various fields in health care and medicine [33],
such as clinical medicine [34], dentistry [8], and histopathology [35].
In the current study, we applied the BOPPPS-CBL
model to the ophthalmology teaching of five-year paediatric undergraduates. Compared with the traditional
LBL teaching method, the BOPPPS-CBL model has several advantages originating from the above two teaching
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strategies. First, it is based on analyses of typical cases
in ophthalmology. At the “bridge-in” stage, students can
see the data and information for the cases, stimulating
interest in learning. The “objective” stage makes students
clearly understand the main content of this course in a
framework. Our results showed that the students in the
BOPPPS-CBL group knew more about the standard of
work expected and had more motivation to learn.
Second, the BOPPPS approach changed the traditional
relationships between teaching and learning. Teaching
in the classroom is student-centred, with more emphasis
on teacher-student interactions. In “participatory learning”, students purposefully acquire knowledge and link
theory with practice based on the analysis of actual cases.
The results of our survey showed that the BOPPPS-CBL
model is more effective in developing students’ problem
solving and analytical skills than the LBL model.
Finally, the final examination scores of the BOPPPSCBL group were significantly higher than those of the
LBL group, especially for case analysis. The score was
not only an important and direct reference for evaluating the knowledge acquisition of the students but also an
important parameter for measuring educational quality
[14]. The results showed that the BOPPPS-CBL model
led to better performance on the final test, but there were
no significant differences in pressure between the two
groups. In other words, the new teaching strategy did
not increase the burden on students. Interestingly, more
students in the LBL group thought the preclass workload
was too high. A lack of real cases and boring theoretical information makes students feel more burdened. The
bridge-in of real cases improved the students’ interest in
learning, and the students in the BOPPPS-CBL group
did not feel that the preclass workload was too high. By
independently reviewing cases, discussing diagnoses and
treatment suggestions, and offering advice to peers, the
students consolidated their basic knowledge and benefitted from the model [14]. Therefore, the BOPPPS-CBL
model is a very effective and acceptable method for ophthalmology education. The students’ perception scores
indicated that the BOPPPS-CBL model was more beneficial to the development of problem-solving skills, analytical skills and motivation of learning.
Limitations

This study has several limitations. First, the sample size
was small. Research with additional samples is needed
to validate the effect of this combined method. Second,
the model was limited to a single unit of ophthalmology. The results may not be generalizable to students in
other specialties. Third, the current study assessed only
the final examination scores and lacked preclass and
postclass tests to evaluate the learning effects. This may
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cause bias on learning performance. This study did not
compare the differences between the CBL and BOPPPS
models separately. A separate study could be designed
to assess three separate groups CBL, BOPPPS and
LBL in the future. In addition, the future study could
perform a follow up exam at 1 year to determine the
retention rate of the ophthalmic knowledge among the
groups and to see whether there is a difference in long
term retention for each teaching model.

Conclusion
The current study indicates that the BOPPPS-CBL
model is more efficacious than the traditional LBL
model. The results of this study showed a significant
increase in motivation and the effect of learning in the
BOPPPS-CBL group. This model improves students’
enthusiasm for learning and helps cultivate their abilities to analyse and solve problems without increasing learning pressure. The BOPPPS-CBL model is an
effective teaching model for ophthalmology education
for five-year paediatric undergraduates. Further multicentre and large sample studies are warranted to verify
whether CBL produces superior educational outcomes
in other specialties and integrated teaching of the sensory systems.
Acknowledgements
Not applicable.
Authors’ contributions
LQ designed the study. CXK and KN acquired the data. TXJ analysed the data.
CL drafted the manuscript. CL and LQ revised the final version of the manu‑
script. All authors read and approved the final manuscript.
Funding
This work was supported by the Project on University First-Class Undergradu‑
ate Course of Chongqing Education Commission (NO.EY202007).
Availability of data and materials
Our research involves in the student’s personal identity information. If the
datasets analysed during the current study are publicly available, there would
be a risk of revealing personal privacy. Therefore, the data is not publicly
available. We declare that our data is not public. If you have a strong demand,
please contact the corresponding author (L.Q 415712690@qq.com) to obtain.

Declarations
Ethics approval and consent to participate
This study complied with the tenets of the Declaration of Helsinki. This
research comes from education reform project (the Project on University
First-Class Undergraduate Course of Chongqing Education Commission
NO.2021–168) and are exempt from Ethics Committee of the Children’s Hospi‑
tal of Chongqing Medical University. The informed consent was obtained from
all participants.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Chen et al. BMC Medical Education

(2022) 22:437

Received: 25 January 2022 Accepted: 30 May 2022

References
1. Succar T, Grigg J, Beaver HA, Lee AG. A systematic review of best practices
in teaching ophthalmology to medical students. Surv Ophthalmol.
2016;61(1):83–94.
2. Patel SJ, Lundy DC. Ocular manifestations of autoimmune disease. Am
Fam Physician. 2002;66(6):991–8.
3. Panda A, Sharma S, Jana M, Arora A, Sharma SK. Ophthalmic manifesta‑
tions of systemic diseases–part 2: metabolic, infections, granuloma‑
toses, demyelination, and skeletal dysplasias. Curr Probl Diagn Radiol.
2014;43(5):242–53.
4. Succar T, Grigg J, Beaver HA, Lee AG. Advancing ophthalmology medical
student education: International insights and strategies for enhanced
teaching. Surv Ophthalmol. 2020;65(2):263–71.
5. Horne A, Rosdahl J. Teaching clinical ophthalmology: medical student
feedback on team case-based versus lecture format. J Surg Educ.
2017;74(2):329–32.
6. Pattison P, Russell D. Instructional skills workshop handbook. Vancouver,
Canada: UBC Centre for Teaching and Academic Growth; 2006.
7. Ma X, Ma X, Li L, Luo X, Zhang H, Liu Y. Effect of blended learning with
BOPPPS model on Chinese student outcomes and perceptions in an
introduction course of health services management. Adv Physiol Educ.
2021;45(2):409–17.
8. Yang Y, You J, Wu J, Hu C, Shao L. The effect of microteaching combined
with the BOPPPS model on dental materials education for predoctoral
dental students. J Dent Educ. 2019;83(5):567–74.
9. Ashraf H, Sodergren MH, Merali N, Mylonas G, Singh H, Darzi A. Eyetracking technology in medical education: a systematic review. Med
Teach. 2018;40(1):62–9.
10. Gao J, Yang L, Zou J, Fan X. Comparison of the influence of massive open
online courses and traditional teaching methods in medical education in
China: a meta-analysis. Biochem Mol Biol Educ. 2021;49(4):639–51.
11. Dickinson BL, Lackey W, Sheakley M, Miller L, Jevert S, Shattuck B. Involv‑
ing a real patient in the design and implementation of case-based learn‑
ing to engage learners. Adv Physiol Educ. 2018;42(1):118–22.
12. Norman G. Research in clinical reasoning: past history and current trends.
Med Educ. 2005;39(4):418–27.
13. Enarson C, Cariaga-Lo L. Influence of curriculum type on student perfor‑
mance in the United States medical licensing examination step 1 and
step 2 exams: problem-based learning vs. Lecture-based curriculum. Med
Educ. 2001;35(11):1050–5.
14. Zeng HL, Chen DX, Li Q, Wang XY. Effects of seminar teaching method
versus lecture-based learning in medical education: a meta-analysis of
randomized controlled trials. Med Teach. 2020;42(12):1343–9.
15. Li T, Wang W, Li Z, Wang H, Liu X. Problem-based or lecture-based
learning, old topic in the new field: a meta-analysis on the effects of PBL
teaching method in Chinese standardized residency training. BMC Med
Educ. 2022;22(1):221.
16. Ding C, Li S, Chen B. Effectiveness of flipped classroom combined with
team-, case-, lecture- and evidence-based learning on ophthalmology
teaching for eight-year program students. BMC Med Educ. 2019;19(1):419.
17 Thistlethwaite JE, Davies D, Ekeocha S, Kidd JM, MacDougall C, Matthews
P, Purkis J, Clay D. The effectiveness of case-based learning in health
professional education. A BEME systematic review: BEME guide no. 23.
Med Teach. 2012;34(6):e421-444.
18. Broomfield D, Bligh J. An evaluation of the “short form” course experience
questionnaire with medical students. Med Educ. 1998;32(4):367–9.
19 Lee AG. Graduate medical education in ophthalmology: moving from the
apprenticeship model to competency-based education. Arch Ophthal‑
mol. 2008;126(9):1290–1.
20. Succar T, McCluskey P, Grigg J. Enhancing medical student education by
implementing a competency-based ophthalmology curriculum. Asia
Pacific J Ophthalmol (Phila). 2017;6(1):59–63.
21. Wendt S, Abdullah Z, Barrett S, Daruwalla C, Go JA, Le B, Li E, Livingston
C, Miller M, Nakhleh L, et al. A virtual COVID-19 ophthalmology rotation.
Surv Ophthalmol. 2021;66(2):354–61.

Page 7 of 7

22. Succar T, Beaver HA, Lee AG. Impact of COVID-19 pandemic on ophthal‑
mology medical student teaching: educational innovations, challenges,
and future directions. Surv Ophthalmol. 2022;67(1):217–25.
23. Succar T, Lee VA, Karmonik C, Lee AG. An academic ophthalmology cur‑
riculum as a model for introducing preprofessional students to careers in
ophthalmology. J Acad Ophthalmol. 2022;14(01):e45–51.
24. Succar T, Zebington G, Billson F, Byth K, Barrie S, McCluskey P, Grigg J. The
impact of the virtual ophthalmology clinic on medical students’ learning:
a randomised controlled trial. Eye (Lond). 2013;27(10):1151–7.
25. Succar TaG J. “The role of educational technology in promoting the
inclusion of rural clinical schools for ophthalmology teaching using
virtual patients.” In: Hoffman J, Blessinger P, Makhanya M, editors. Strate‑
gies for fostering inclusive classrooms in higher education: international
perspectives on equity and inclusion (innovations in higher education
teaching and learning, vol 16). Bingley: Emerald Publishing Limited; 2019.
p. 167–81.
26. Altintas L, Altintas O, Caglar Y. Modified use of team-based learning in an
ophthalmology course for fifth-year medical students. Adv Physiol Educ.
2014;38(1):46–8.
27. Khoshnevisasl P, Sadeghzadeh M, Mazloomzadeh S, Hashemi Feshareki
R, Ahmadiafshar A. Comparison of problem-based learning with lecturebased learning. Iran Red Crescent Med J. 2014;16(5):e5186.
28. Sturdy S. Scientific method for medical practitioners: the case method of
teaching pathology in early twentieth-century Edinburgh. Bull Hist Med.
2007;81(4):760–92.
29. Gade S, Chari S. Case-based learning in endocrine physiology: an
approach toward self-directed learning and the development of soft
skills in medical students. Adv Physiol Educ. 2013;37(4):356–60.
30. Chaohui LI, Province H. The application of BOPPPS teaching mode in the
teaching of Shanghan Lun. Guangming J Chin Med. 2017;32(19):2884–85.
31. Zhang L, Ruihang YU, Pan X, Deng H, Meiping WU. Application of
“BOPPPS+BLOOM” model in course teaching design. The guide of sci‑
ence education 2018.
32. Fan L, Wenfang MA, Teng J, Li LI, Peilin DU, Tian H, Pharmacy SO. Applica‑
tion of BOPPPS on the teaching of traditional Chinese medicine identifi‑
cation. Anhui Med Pharm J. 2017;21(8):2–5.
33. Shih WL, Tsai CY. Effect of flipped classroom with BOPPPS model on learn‑
ers’ learning outcomes and perceptions in a business etiquette course.
Asia-Pacific Edu Res. 2020;29(3):257–68.
34. Gao Y, Lei LI. Exploration of BOPPPS in clinical teaching procedure. Med
Educ Res Pract. 2017;25(6):963–6.
35. Wang S, Xu X, Li F, Fan H, Zhao E, Bai J. Effects of modified BOPPPS-based
SPOC and flipped class on 5th-year undergraduate oral histopathology
learning in China during COVID-19. BMC Med Educ. 2021;21(1):540.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

