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method

Maryam Yadgari'®, Masomeh Kalantarion?>"®, Mohammad-Mehdi Sadoughi*®, Soleiman Ahmady?® and
Mohammad-Hasan Shahriari*

Abstract

Objective Glaucoma is a major cause of irreversible blindness globally. Optical coherence tomography (OCT) aids
early glaucoma diagnosis. Interpreting OCT scans requires familiarity with the technology and image analysis. This
study aimed to evaluate the effects of a mobile flipped classroom model on learning outcomes and satisfaction for
teaching optical coherence tomography (OCT) interpretation skills in glaucoma.

Results In this quasi-experimental pre/post-test study, a total of 22 ophthalmology residents participated in

a 4-session mobile flipped classroom educational intervention (90 min/session) and were assessed on OCT
interpretation. Learning was measured via pre/post-tests designed by a panel. Satisfaction was assessed using a
validated questionnaire. Mean participant age was 29.42 (+2.09) years. Compared to pre-intervention, post-test
scores showed significant improvement after the mobile flipped classroom (p <0.001). Mean satisfaction score was
74.05 (£ 16.09), denoting high satisfaction. Implementing a mobile flipped classroom significantly improved OCT
interpretation skills and was associated with high satisfaction ratings among ophthalmology residents. This model

shows promise for enhancing clinical knowledge in graduate medical education.
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Introduction

Traditional didactic lectures in classrooms often lack
effectiveness, as this passive method leads to superficial
learning that is quickly forgotten [1]. As Boyer noted,
prolonged lectures without active student engagement
are highly ineffective [2]. In recent years, learners’ needs,
goals, and performance have evolved. Students now
expect rapid access to information and prefer collabora-
tive environments with learner-centered activities [3].
Advanced technologies, increased online content, and
cognitive science have challenged traditional education
approaches [3]. One method to transform teaching and
incorporate online resources is the flipped classroom
model [4].

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, 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 you modified the
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. 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:/creati

vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://orcid.org/0000-0003-0829-1861
http://orcid.org/0000-0003-4778-3973
http://orcid.org/0000-0003-2611-0526
http://orcid.org/0000-0003-0551-6068
http://orcid.org/0000-0001-5596-1958
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-025-07104-7&domain=pdf&date_stamp=2025-1-21

Yadgari et al. BMC Research Notes (2025) 18:29

The flipped classroom flips traditional learning - con-
tent acquisition is done individually outside of class
through video lectures, while interactive group activities
occur in-class [5]. This emphasizes using pre-class educa-
tional videos for self-directed learning [6]. Learner’s view
content beforehand, so class time focuses on active appli-
cation and workshops rather than passive listening [7].

In medical education, flipped classrooms have
improved student satisfaction, academic performance,
and outcomes across disciplines including medicine [8,
9], pharmacy [10], dentistry [11], and ophthalmology
[12]. However, no studies have examined effects in oph-
thalmology assistants specifically.

Glaucoma is a major cause of irreversible blindness
globally [13-15]. Optical coherence tomography (OCT)
aids early glaucoma diagnosis through high-resolution
cross-sectional imaging [15, 16]. However, interpret-
ing OCT scans requires familiarity with the technology
and image analysis. This study investigates the impact
of a mobile flipped classroom model for teaching OCT
interpretation in glaucoma on satisfaction among oph-
thalmology assistants. Flipped classroom approaches
may provide an effective method to improve glaucoma
education. We aim to provide insights that could guide
improvements in educational content and delivery
methods.

Methods

Study design and participants

This quasi-experimental pre-test/post-test study was
conducted among ophthalmology residents at Shahid
Beheshti University of Medical Sciences. A total of 22
residents (from years 1-3) were recruited through census
sampling to expand the sample size. This sample size was
limited by the number of available residents in the pro-
gram; thus, future studies with a larger sample size and
multiple sites would be ideal for broader applicability.

Inclusion and exclusion criteria’s

Inclusion criteria were: interest in participating, and
access to mobile devices. Exclusion criteria were: failure
to complete questionnaires or tests, non-participation
in the educational intervention, and stated inability to
participate.

Table 1 Blueprint before and after the test
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Instruments

The Educational Teaching Method Satisfaction Ques-
tionnaire (EMSQ) assessed learner satisfaction. This vali-
dated 10-item tool uses a 0—10 scale, with higher scores
indicating greater satisfaction [17].

Pre- and post-tests evaluated glaucoma OCT interpre-
tation knowledge. Tests were developed by a committee
of 3 glaucoma specialists and 1 medical education expert
[18-19]. The exam blueprint aligned questions with
learning objectives (Table 1). Validity was established
through expert review. Reliability (Kuder-Richardson
20=0.80) was determined during piloting.

Procedures

Sixteen modules focused on the interpretation of OCT
for glaucoma cover a range of essential topics, includ-
ing an introduction to various OCT devices, the signifi-
cance of each device, their distinguishing features, and
methodologies for interpreting the resulting images.
Each module is designed to be interactive and incorpo-
rates multimedia elements such as instructional videos,
case studies, and quizzes to enhance learner engagement
and retention. All educational content is hosted on the
web application OphthalMobilE (Ophthalmology Mobile
Education), which provides a user-friendly interface for
accessing materials (https://ophthalmobile.ir/). Access
to this web application is free for all study participants,
ensuring that they can easily engage with the content at
their convenience. In addition to the core content, the
modules include interactive features such as discussion
forums and feedback mechanisms, allowing residents to
ask questions and receive guidance from instructors in
real-time.

After ethical approval and written consent, participants
completed a pre-test on the study’s mobile platform.
The educational content was delivered through a series
of structured modules that included both asynchronous
learning materials accessed prior to class and synchro-
nous in-class discussions. Sixteen glaucoma OCT inter-
pretation modules were subsequently uploaded weekly
over 4 sessions, each lasting 15 min. Learners accessed
modules at least 6 days before each class session. In-class,
case discussions reinforced module content. Groups
investigated cases using module knowledge, presented
findings, and received feedback. Post-tests occurred after

Number Educational content The number of questions related to each level of cognitive domain objectives
To create To evaluate To analyze To apply Understanding Remembering
1 OCT Cirrus - - 6 4 3 3
2 OCT Optovue - - 3 3 2 2
3 OCT Topcon - - 3 3 2 2
4 OCT Spectralis - - 6 4 3 3
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Table 2 Demographic data
N %

Sex Male 10 (45.5%)
Female 12 (54.5%)

Age Mean=+SD 2942+2.09

Years of assistantship 1 5 (23.8%)
2 9 (42.9%)
3 7 (33.3%)

each session, with the EMSQ administered at the end of
the study period.

Data analysis

Quantitative analyses included means, standard devia-
tions, frequencies, percentages, independent/paired
t-tests, and ANOVA using SPSS v26. Significance was set
at p<0.05.

Ethics statement

The study was approved ethically. Informed consent was
obtained. Participation was voluntary, data were ano-
nymized, and confidentiality was maintained. This study
was approved with ethical approved number IR.SBMU.
SME.REC.1401.078 by the Ethic Committee of School of
Medical Education and Learning Technologies, Shahid
Beheshti University of Medical Sciences.

Results

Of the 22 participants, 10 (45.5%) were male and 12
(54.5%) females. Mean age was 29.42 +2.09 years (range
25-33). Most (n=14, 63.6%) were single, with 8 (36.4%)
married. By year, 9 (42.9%) were second-year residents, 5
(23.8%) first-year, and the remainder third-year (Table 2).

The mean overall satisfaction score on the EMSQ was
74.05+16.9, indicating high satisfaction. Satisfaction
was slightly higher among females (78.42+17.53) ver-
sus males (68.8+15.33), but not significantly different
(p=0.191) (Table 3).

By vyear, first-years had the highest satisfaction
(79.4+10.24) and third-years the lowest (71.43 +21.67),
though not statistically significant (p=0.728) (Table 4).
Satisfaction was higher among single (76.71 + 17.6) versus

Page 3 of 6

married (69.38+15.59) participants, but the difference
was not significant (p = 0.339).

The mean pre-test score was 8.84+2.67 (range 3-16)
and post-test was 11.67 +3.07 (range 4-16), a significant
improvement (p <0.001).

On the Cirrus OCT test, mean pre-test scores were
8.52+2.71 (range 3-14) and post-test were 12.39+2.71
(range 4-16), showing significant improvement
(p<0.001). On the Optovue OCT test, pre-test scores
averaged 7.38 + 1.6 (range 4—10) and post-test 8.86+1.46
(range 5-10), also a significant increase (p=0.009). For
the Topcon OCT test, pre-test scores were 8.22+1.2
(range 6-10) and post-test 9.36 + 1.22 (range 6—10), a sig-
nificant gain (p=0.004). Finally, for the Spectralis OCT
test, pre-test scores averaged 10.67 + 2.9 (range 4—16) and
post-test 13.65 +2.92 (range 4—16), again showing signifi-
cant improvement (p <0.001).

Pre-test scores were highest for Spectralis (10.67 +2.9)
and lowest for Optovue (7.38+1.6) (p<0.001). Post-test
scores were also highest for Spectralis (13.65+2.92) and
lowest for Optovue (8.86+ 1.46) (p <0.001) (Table 5).

Discussion

This study investigated the effectiveness of a mobile
flipped classroom model on learning outcomes and
satisfaction in OCT interpretation education for oph-
thalmology residents. The findings revealed significant
improvements in test scores following the intervention.
In summary, the educational approach notably enhanced
OCT interpretation skills across all assessments, indicat-
ing that the mobile flipped classroom model is an effec-
tive strategy for advancing glaucoma education among
ophthalmology residents.

Overall pre-test scores averaged 8.84+2.67 and sig-
nificantly improved to 11.67+3.07 post-intervention
(p<0.001). These findings align with other research
showing mobile flipped classrooms can enhance medical
student learning in ophthalmology and other specialties
[20-23].

The educational intervention also received high sat-
isfaction ratings. The mean score on the learner sat-
isfaction questionnaire was 74.05+16.09, denoting

Table 3 Checking the level of satisfaction of ophthalmology assistants in general and by gender

Sex
P-value Total number Male Female
0.191 7405+169 68.8+1533 7842+17.53 Satisfaction score
Based on T-test
Table 4 Checking the level of satisfaction by academic year
Years of assistantship
P-value 1 2 3
0.728 794+10.24 7267+17.82 7143+21.67 Satisfaction score

Based on ANOVA
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Table 5 Examining and comparing the score of each test before and after training in the mobile flipped classroom method

OCT Cirrus 1 OCT Optovue 2 OCT Topcon 3 OCT-spectralis 4 P-Total Pairwise comparison
Pre-test score SD+mean 852+2.71 738+16 8+1.22 10.67+29 <0.001 (14&24&3,4)
Mode (range)  9(3,14) 8(4,10) 8(6,10) 11(4,16)
SD+mean 12.39+2.71 8.86+1.46 936+122 13.65+£2.92 <0001 (24&34&12&13)
Post-test score  Mode 13(4,16) 9(5,10) 10(6,10) 15(4,16)
(range)
P-Within <0.001 0.009 0.004 <0.001

Based on ANOVA (Multiple Comparison between groups based on Bonferroni)

participants were highly satisfied. Similar studies on
flipped classrooms for physician continuing education
likewise found increased satisfaction and engagement
[22, 24-25].

While virtual platforms like mobile learning can
improve access to materials, they may not fully replace
traditional in-person teaching for clinical skills in oph-
thalmology [26]. This study combined mobile self-
directed learning with face-to-face interactive case
discussions. Blended approaches integrating technol-
ogy with traditional methods are often most effective for
medical education [27-29].

Regarding the use of multiple OCT devices, training
on how to interpret OCT images for diagnosing glau-
coma using the four devices is essential for ophthalmol-
ogy residents for two main reasons: (1) All four devices
are utilized across different hospitals in our country, and
(2) While the functionality of these devices is similar, the
methods of reading and interpreting their images differ
significantly.

We emphasize that the inclusion of various OCT
devices is a one of strength of our study. The positive
impact of the flipped classroom teaching method was
observed across all devices, demonstrating its effective-
ness in training residents to use multiple OCT devices,
even when taught simultaneously. Notably, the Spec-
tralis device is more commonly used in academic cen-
ters, leading to greater access for assistants, which likely
contributes to their higher scores compared to devices
like Optovue. Understanding these differences can help
improve educational content and approaches.

Gradually transitioning from teacher-centered to
learner-centered approaches through blended learning
models like the mobile flipped classroom warrants con-
sideration in medical curricula. Future research should
examine effects on long-term knowledge retention and
clinical skill application. Study limitations include coordi-
nation challenges for scheduling participants. Nonethe-
less, results demonstrate the mobile flipped classroom’s
potential to significantly improve glaucoma OCT inter-
pretation competency and satisfaction among ophthal-
mology trainees.

Further research with larger, multi-center samples
is needed to increase generalizability. Randomized

controlled trial designs comparing the flipped classroom
to other teaching methods would provide higher quality
evidence. Longitudinal follow up studies could evalu-
ate long-term knowledge and skill retention. Qualitative
studies could provide insights into participant experi-
ences and perspectives. Comparative effectiveness stud-
ies on flipped classroom variants and integration with
other educational technologies would help optimize
learning. Finally, research on supporting learner access
to mobile platforms and mitigating disparities warrants
consideration given the increasing use of technology in
medical education.

In summary, while this study demonstrates promis-
ing results, further rigorous research on mobile flipped
classrooms in medical education can continue to inform
implementation and best practices.

Limitations

This study has several limitations to consider. The small
sample size from a single training program restricts the
generalizability of the findings to broader populations.
Additionally, the absence of long-term follow-up means
that knowledge retention over time remains uncertain.
The study design did not include a control group for
comparison with the intervention, which limits our abil-
ity to attribute improvements solely to the educational
approach. Furthermore, participant attitudes and satis-
faction ratings may be influenced by response bias, which
could affect the reliability of the reported outcomes.
Lastly, scheduling challenges in coordinating participants
were noted, which could be improved through enhanced
communication and greater instructor availability.

Conclusions
This study implemented a mobile flipped classroom
model for teaching OCT interpretation skills to oph-
thalmology residents and analyzed the effects on learn-
ing outcomes and satisfaction. Results demonstrated
the educational intervention significantly improved test
scores in OCT image analysis. Participants also reported
high levels of satisfaction with the teaching method as
reflected in the questionnaire responses.

These findings suggest that mobile flipped classrooms
may be an effective approach for enhancing clinical
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knowledge and skills within ophthalmology training
programs. The model integrates pre-class mobile self-
directed learning with active, collaborative application
of concepts through in-person case discussions. This
blended approach is consistent with principles of active
learning and learner-centered education.

Given the characteristics of today’s learners, the imple-
mentation of flipped classroom designs warrants con-
sideration in other medical education contexts beyond
ophthalmology. However, further research is necessary
to evaluate long-term knowledge retention, skill acquisi-
tion, and the comparative effectiveness of this approach
relative to traditional curricula. As technology continues
to evolve, exploring innovative integrations of emerging
modalities with interactive in-person activities will be
crucial for fostering engagement and clinical competency.

In conclusion, this study provides preliminary evidence
supporting the benefits of a mobile flipped classroom in
ophthalmology education. Continued research into opti-
mal implementation strategies and learner-centered cur-
ricula will further enhance medical education to meet the
evolving needs of 21st-century students and ultimately
improve patient care.
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