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ABSTRACT

Context: The traditional classroom emphasizes passive learning by a
student lectured to by a professor, while the flipped classroom inverts this
methodology, requiring students do most of the learning at home and then
applying what they learn in interactive classroom sessions. As medicine
evolves and technology changes, education methods must change as well.
The purpose of this literature review is to analyze the benefits of the
flipped classroom versus the traditional classroom in Podiatric and Medical
student education.

Methods: To address the topic of the flipped classroom versus the
traditional classroom in Podiatric Medical education, a comprehensive
search was conducted through PubMed using the keywords ‘flipped
classroom’ and ‘medical education’. The search was limited to articles
written between 2020 and 2025 yielding 525 initial hits, which were
screened based on title and abstract. The inclusion criteria were articles
written in the previously stated timeframe, articles published in English, and
articles specifically discussing medical education. An additional search was
conducted through Google Scholar utilizing the same keywords, inclusion
and exclusion criteria. Exclusion criteria were articles that either did not
directly compare the flipped classroom to the traditional classroom, or
there was no quantifiable data within the articles to support the metrics.
Thus, fifteen articles were utilized in this literature review. The articles were
organized thematically, and data was extracted using a standardized
form. A narrative synthesis was used to synthesize findings.

Results: 15 reviewed articles directly compared the flipped classroom to
the traditional classroom, with nine of these articles demonstrating
statistically significant increases in student performance with the flipped
classroom. Nine out of these 15 articles also demonstrated increased
student satisfaction with the flipped classroom as opposed to the
traditional classroom.

Conclusions: Based on this literature review, the flipped classroom
approach can yield increased medical student performance as well as
increased student satisfaction in the classroom as compared to the
traditional classroom approach. As medicine evolves and technology
changes, the flipped classroom approach appears to be beneficial in
improving critical thinking and problem solving in medical school students.
Keywords: flipped classroom, traditional classroom, medical education
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Introduction

Podiatric Medicine is a specialized field of Medicine in
which the Physicians deal specifically with pathology of
the foot, ankle, and lower leg. While there are 11
individual Colleges of Podiatric Medicine in the United
States which educate students independently of our
Allopathic and Osteopathic colleagues, the structure of
Podiatric Education closely resembles that of Colleges of
Allopathic and Osteopathic Medicine. The Selden Report
in 1961 promoted major qualitative improvements in
Podiatric Medical School which were accomplished
through an increase and strengthening of full-time faculty,
establishment of laboratories and library resources, and
implementation of more rigorous admission standards.
This helped Podiatric Medical schools mirror Allopathic
and Osteopathic Medical schools in terms of curriculum
and rigor '. The first two years of Podiatric Medical
education are spent entirely in the classroom, focusing on
pre-clinical subjects; while the final two years are spent
focusing on clinical medicine and clinical rotations. As is
the case with all medical education, the goal of applying
a mixture of didactic and clinical education is to produce
competent and skilled Podiatric Physicians who are
proficient in utilizing evidence-based medicine. Evidence-
based medicine is required to enrich the clinical
profession and enhance understanding of patient
situations. Integrating evidence-based medicine into
teaching requires comprehensive improvement in students
cognition, attitude and behavior 2.

7

An excellent doctor must have enough self-learning
ability and cooperation ability to keep up with the rapid
development of medicine and master more advanced
theories and techniques 3. Unfortunately, the amount of
information in medicine continues to grow significantly,
and the retention of basic science knowledge in medical
school is often lost within a few years . Many medical
students engage in mechanical memorization and study
solely to pass exams. This hinders their deep
understanding of knowledge and the development of all-
around abilities 4. For hundreds of years, medical content
has been delivered in a mostly traditional style, with an
instructor lecturing and a learner passively taking in the
information, to then be reviewed later when the exams
approach 5. Traditional classrooms are resource-friendly
and can convey information to a sizable audience ¢,
however, previous studies have shown that the receptivity
of students in lecture begins to decline after 10 minutes,
with lapses of inattentiveness occurring between 1010 18
minutes. This passive one-way flow of information can
leave students disinterested, bored, and prone to
labeling the lecture material as irrelevant to medical
practice 1. This passive learning method also takes time
away from challenging student thinking, guiding them to
solve practical problems, and encouraging direct
application of material through active learning with
instructors 7. This problem is further intensified by the
growing needs of modern world students who are born
and brought up in the digital era and therefore find the
traditional lecture class very boring 8.

Teaching methodology should aim at reaching all students,
and hence, should provide them with a good mix of visual,
auditory, and kinesthetic situations to learn. Only students
who are good at learning through the auditory method
benefit from the traditional classroom method 9. Thus,

instifuting teaching methodologies that can assure
additional active engagement of the students as well as
the teachers is vital to making classrooms more interesting,
enjoyable and useful 10,

Instructional methods that encourage interactive learning
and applied clinical reasoning, such as the flipped
classroom, are increasingly favored over classic lecture-
based methods. A flipped classroom inverts the typical
cycle of content acquisition and application, exchanging
class time and conventional homework time. In this model,
students prepare for class by reading and/or watching
pre-recorded content, and then class time is devoted to
applying this new knowledge through interactive
activities 1114,

This learner-centric model enables the educator to
provide activities in the classroom that are action-based,
authentic, connected, collaborative, innovative, high-level
engagement, experience-based, project-based, inquiry-
based, and self-actualizing '2. As an instructional
teaching method, the flipped classroom has many
advantages for both teachers and students. Students can
learn at their own pace, build concepts with peers, feel
less anxiety, receive instant feedback, and improve their
confidence '3. Evidence suggests that flipped classrooms
caused apparent improvement in students’ learning and
performance and previous research has been conducted
on the benefits of the flipped classroom versus the
traditional classroom. For example, a systematic review
of 118 research studies showed subjectively positive
perceptions of flipped classrooms from students, while a
different study analyzing the performance of fourth year
medical students demonstrated that students in a flipped
classroom performed significantly higher that their
traditionally taught peers 1516, While this short-term
performance in the classroom and retention of knowledge
is important; it is also important to develop and enhance
students’ lifelong learning skills, clinical problem solving,
and the ability to acquire new knowledge. The flipped
classroom can potentially help students develop these
skills by promoting the application of medical science
knowledge and stimulating critical thinking 7.

The success of the flipped classroom model has been
shown to be dependent on the self-regulation skills of its
participants, as without these skills, students can fail to
comprehend learning materials and/or to strategically
utilize learning resources before class. In turn, they are
less likely to follow and benefit from class activities 18, At
the New York College of Podiatric Medicine, both
methodologies of teaching are utilized. First- and second-
year students are taught utilizing a traditional classroom
model, while third year clinical students are taught
utilizing a flipped classroom model. The courses in the
third year are more specific to the practice of Podiatric
Medicine itself, and it has been shown that course content
relevant to core specialties and useful for future practice
could facilitate increased knowledge acquisition retention
within a constrained teaching time 9. Hence, the goal of
our institution’s utilization of the flipped classroom in the
clinical years is to enhance student understanding, interest,
application and clinical skill in the subject matter specific
to our specialty. The purpose of this research article is,
therefore, to review the relevant data to compare the
possible benefits of the flipped classroom versus the
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traditional classroom in medical education in terms of
student satisfaction, overall success, and limitations of
each teaching method.

Methods:

To address the topic of the flipped classroom versus the
traditional classroom in Podiatric Medical education, a
comprehensive search was conducted through PubMed
using the keywords ‘flipped classroom’ and ‘medical
education’. The search was limited to articles written
between 2020 and 2025 yielding 525 initial hits, which
were screened based on title and abstract. The inclusion
criteria were articles written in the previously stated
timeframe, articles published in English, and articles
specifically discussing medical education. Exclusion
criteria were articles that did not directly compare the
flipped classroom to the traditional classroom, or there
was no quantifiable data within the articles to support the
metrics. An additional search was conducted through
Google Scholar utilizing the same keywords, inclusion and
exclusion criteria. Thus, fifteen articles were utilized in this
literature review. The articles were organized
thematically, and data was extracted using a
standardized form. A narrative synthesis was used to
synthesize findings.

Results:

15 articles were reviewed which discussed the use of the
flipped classroom versus the traditional classroom in
medical education. A forest plot was constructed to
illustrate the relative percentage improvement in pre- to
post-test scores for each group. The majority of studies
demonstrated greater gains in the flipped classroom
cohorts.

Specifically, 13 out of 15 studies showed a higher
percentage improvement in student performance with the
flipped classroom. The mean relative improvement in the
flipped group ranged from 7.1% to 38.3%, while
traditional classroom improvements ranged from 8.1% to
17.9%. The most pronounced difference was seen in
Bhavsar et al., where flipped classroom students
improved by 38.3% compared to 16.1% in the
traditional group.

These results visually support the conclusion that the
flipped classroom model is associated with enhanced
student performance outcomes, particularly in pre-clinical
and clinical knowledge assessments. The Forest plot as a
visual summary in Table 1 highlights the consistency and
magnitude of these improvements across diverse
educational settings and study designs.

Table 1. Forest plot demonstrating the percentage improvement in pre- to post-test scores for students taught via flipped

classroom vs. traditional classroom
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Of those 15 articles, listed below are the highlights on
student performance upon contrast and comparison:

9 studies demonstrated an increase in exam scores
and overall student performance in the flipped
classroom groups versus the traditional classroom
groups.

1 study showed greater improvement in the flipped
classroom group, without statistical significance 6.

2 studies demonstrated no statistically significant
difference between the groups 810,

e  Another demonstrated an increase in deep learning
with a partially flipped format 4.

In addition to exam scores and student performance,
student satisfaction outcomes were also reported and
analyzed in the process of this literature review:

e 9 articles demonstrated increased  student
satisfaction and engagement with the flipped
classroom.

e 1 study found no difference in student satisfaction

Additionally, 2 studies evaluated performance using non-
exam metrics compared to the rest:

between the two groups 3.

e None of these studies favored the traditional

classroom.
e =one demonstrated an increase in the short-term and
long-term retention of information in the flipped
classroom group 4.
Table 2: Summary of Articles in this Literature review.

Authors Study Participants and Design Results

Tsao et. al Ninety fifth-year medical students were enrolled and | Compared with traditional teaching methods,
assigned to either experimental (flipped classroom) | the flipped classroom demonstrated better
or control group (traditional classroom). Students in | outcomes for both written and oral “post-tests”.
each group were given a “pre-test” and then “post- | These results were statistically significant
test”. “Post-Test” included written and oral test.

Wang et. al | 138 fourth-year Orthopedic Students from Qilu | Compared to the traditional classroom group,
Hospital were randomly assigned into traditional | the flipped classroom group showed a
versus flipped classroom group from June 2022 to | statistically significant improvement in skill
June 2023. At the end of internship year, students in | assessment scores. Additionally, the flipped
each group were assessed on Orthopedic theoretical | classroom group also demonstrated a
knowledge and practical operations. statistically significant improvement in overall

student satisfaction rates as well as compared
to the traditional classroom group.

Smith et. al 47 Students in 2017 Emergency Medicine class were | Students scored slightly lower on assessments in
taught using traditional classroom method, while 46 | the flipped classroom versus the traditional
students in 2018 Emergency Medicine class were | classroom. However, student satisfaction score
taught utilizing flipped classroom method. Overall | was slightly higher in the flipped classroom
student performance and satisfaction rates were | group. Neither result was significant.
assessed for each group.

Malhotra et. | 95 First-year medical students were divided into two | There was no statistically significant difference

al groups: flipped classroom and traditional classroom. | in student performance between the two
A written test was conducted at the end of the period. | groups. However, 80% of the students

At the conclusion of the period, the groups were
reversed and the same procedure repeated. Student
performance and overall satisfaction were assessed
for each period.

preferred the flipped classroom.

Bhasavar et.

100 First-year medical students were divided into two

Students in the flipped classroom groups scored

Neurosciences course block. Results were obtained
utilizing a post-test, a questionnaire and semi-structed
interviews.

al groups: flipped classroom and traditional classroom. | higher on post-tests as compared to traditional
A written test was conducted at the end of the period. | classroom. These results were statistically
At the conclusion of the period, the groups were | significant. Additionally, there was overall
reversed and the same procedure repeated. Student | positive feedback for the flipped classroom as
performance and overall satisfaction were assessed | compared to the traditional classroom.
for each period.

Alnahdi  et. | 132 third-year medical students were divided into | The performance of students was better in the

al traditional versus flipped classroom during a | traditional classroom as compared to the

flipped classroom. This result was statistically
significant. Students did appreciate the flipped
classroom with regard to information sharing,
interaction with peers and learning from others’
experiences.

© 2025 European Society of Medicine 4




Kasat et. al

50 first-year medical students were subjected to both
traditional and flipped classroom modalities
throughout a Gross Anatomy course. They received
five traditional and five flipped course modules.
Assessments were performed at the end of each
module.

There was a noted to be a statistically
significant increase in short-term retention of
material based on assessment of the flipped
classroom versus the traditional classroom.
There was also noted to be increased long-term
retention of material in the flipped classroom
versus the traditional classroom.

Bhai et al.

201 Students in 2022 Osteopathic PES course were
taught using traditional classroom method, while 203
students in 2023 Osteopathic PES class were taught
utilizing flipped classroom method. Overall student
performance and satisfaction rates were assessed for
each group.

Objective student performance was improved
was statistically improved between the two
groups with regard to cumulative grades and
history-taking OSCE. Practical exam scores had
no significant association with the flipped
classroom. Student satisfaction was generally
unchanged between the two teaching methods.
60% of faculty preferred the traditional
classroom.

Sourg et. al

63 second-year medical students were divided into
traditional versus flipped classroom based on a
singular lecture topic. Results were obtained
comparing pre-test and post-test scores for each

group.

While the pre- and post-test scores were higher
in the flipped classroom group, no statistical
significance was observed. Overall, more than
80% of the students were satisfied with the
flipped classroom, while 90% of the students
were more motivated to learn in the flipped
classroom.

Nanjundaiah
et. al

100 phase two medical students were divided into
two equal groups: flipped classroom and traditional
classroom. Two separate topics were taught. At the
conclusion of the first topic, the groups were reversed
and the same procedure repeated topic two. Student
performance and overall satisfaction were assessed
for each topic.

The academic scores of the tests conducted
after flipped classroom sessions were higher
than those conducted after the traditional
classroom sessions. This result was statistically
significant. Additionally, the flipped classroom
demonstrated better student involvement.

Chan et. al

216 final year medical students on a 5-day
Opthamology rotation were randomized into flipped
classroom or traditional classroom modules. Results
were collected from May 2021 to June 2022. Overall
student performance and satisfaction rates were
assessed for each group.

The flipped classroom students scored
significantly higher on the end of rotation
multiple choice exam as compared to the
traditional  classroom  students.  Flipped
classroom students also rated various aspects of
the course statistically higher including
instructional methods, course assignments,
course outcomes and course workload. They
also felt more enthusiastic and engaged by the
course.

Jha et. al

96 phase one medical students were divided into two
equal groups: flipped classroom and traditional
classroom. The study was performed in an Anatomy
class. Two separate topics were taught. At the
conclusion of the first topic, the groups were reversed
and the same procedure repeated topic two. Student
performance and overall satisfaction were assessed
for each topic.

Students in the flipped classroom scored higher
on both the pre- and post-tests as compared to
the traditional classroom students. However,
only the post-test scores were noted to be
significant. Perceptions towards the flipped
classroom were generally positive.

Prabhavathi
et. al

150 first year medical students were split evenly into
a traditional classroom versus flipped classroom
group, and multiple topics in the cardiovascular
system were taught to each group. Student
performance and overall satisfaction were assessed
for each group.

There was no statistically significant difference
in the exam scores between the two groups.
However, it was observed that the students in
the flipped classroom group actively gained
more knowledge, interpersonal communication
skills and critical thinking skills as compared to
the traditional classroom group.

Liv et. al

The study was performed over a 5-month period from
February to July 2022 and was comprised of 71
students majoring in Clinical Medicine. These students

Students in the partially flipped classroom
group showed statistically higher scores in the
deep learning approach, while the students in

© 2025 European Society of Medicine 5




of the students in each group.

were enrolled in a Physiology course. 32 students | the traditional classroom group showed
were placed in a group being taught via partially | statistically higher scores in the surface learning
flipped classroom while 39 students were placed in a | approach.

group being taught via traditional classroom. A three-
part questionnaire was used to assess the experience

Luo et al. 119 second vyear students majoring in Clinical | Flipped classroom teaching significantly
Medicine, and enrolled in a Physiology class, were | improved the learning outcome of Physiology
split into a traditional classroom group and a flipped | compared to the traditional classroom group.
classroom group. Final exam scores were used to | The study also demonstrated that students in the
assess their learning effectiveness. flipped classroom group scored higher in

courses taken after their Physiology course, as
compared to their classmates who were in the
traditional classroom group.

Discussion: intrinsic interest in the learning content, critical reading,

When comparing the flipped classroom versus the
traditional classroom regarding Podiatric and Medical
student education, the reviewed literature consistently
demonstrates  that there is, overall, improved
performance and student satisfaction in those medical
students participating in a flipped classroom. One
explanation for the more positive student perception, as
well as the greater effect of the flipped classroom over
the traditional classroom, is that students have
unrestricted access to the pre-recorded lectures before
class. They are able to watch the lecture as many times
as they wish, and at their own pace, before class 20. As
most people have access to mobile phones and access to
the internet, these pre-recorded video lectures can help

deliver the information more easily and from anywhere
21

Another reason that students may prefer the flipped
classroom is the availability of in-class active learning
time to help increase students’ understanding of the
subject material 20, Medical quizzes are one means in
which in-class time can be utilized. Medical quizzes can
be case-based or image-based and can help bridge
between standard classroom instruction and clinical
application 2. At our institution, pre-and post- lecture
quizzes are used to assess students’ understanding of the
material studied at home, as well as the material and
skills reinforced during the in-person didactic session.
Case-based learning is another means by which class time
may be enhanced. With case-based learning, teachers
guide students as they apply new knowledge to real-
world clinical issues and engage in peer learning 21. At
our institution, students are presented with case workups
based on specific clinical situations and topics. These case
workups are used to assess the students’ understanding of
the material presented to them. With regard to why a
flipped classroom may specifically benefit medical
students, previous studies have suggested that the flipped
classroom is best utilized to teach higher-order skills or
processing. For instance, a study by Lehman et al.
demonstrated  superior procedural knowledge in
Pediatric Residents utilizing a blended learning classroom
with virtual or video content when compared to a control
group who received instruction via traditional lecture and
skills station teaching 22. Liu et al. discussed this
methodology of the flipped classroom in terms of deep
learning versus surface learning. Deep learning involves

creative problem solving, and application of learned
material, while surface learning focuses on rote
memorization and doing exercises solely for the purpose
of passing exams 4  When specifically discussing
application of evidence-based medicine, the traditional
classroom makes it difficult for students to overcome
barriers to learning because they lacked practice and
real-time problem-solving skills.

The flipped classroom allows students to have discussions
with their peers, and the interactive approach reduces
learning gaps and helps students utilize the knowledge
for clinical decisions 2. The ability of self-learning and
cooperation can enable students to master the most
advanced medical theories and medical technology,
enabling them to become lifelong learners, and improve
problem-solving skills, which are important traits for
becoming a qualified doctor 3. While most of the articles
utilized in this literature review demonstrated an overall
positive experience for students experiencing the flipped
classroom versus the traditional classroom, there are some
key factors to keep in mind when it comes to the student
experience. Since the flipped classroom is a student-
centric method of teaching and relies heavily on student
motivation and maturity levels, age at entry into medical
school and curriculum can strongly influence self-directed
learning readiness 8. Along this same line, lack of
available time to understand some topics and finish their
work combined with busy schedules may affect the
student experience with the flipped classroom 3. Students
against the flipped classroom reported that watching
video lectures took a lot of additional time, while they
also reported being unhappy being asked to do work at
home that was traditionally done in a face-to-face class
format 20, At our institution, for instance, the students
participating in the flipped classroom also have clinic and
patient-care responsibilities 4-5 times per week on top of
preparation for their other classes. This leaves them very
little time to prepare for the quizzes, case discussions, and
presentations for their flipped classroom sessions.
Additionally, there may be added mental pressure on
students as group discussion is an integral part of the
flipped classroom model, although it has been observed
that students who used pre-session resources effectively
took part in discussions confidently without any pressure
12, These facts demonstrate both positive and negative
aspects of the flipped classroom.

© 2025 European Society of Medicine 6




While students are active learners and can learn and
prepare in their own time; failure or inability to do so
prohibits them from utilizing and maximizing the active
classroom time. The main purpose of this literature review
was to analyze the student experience when it comes to
the flipped classroom versus the traditional classroom,
and this is what most of the reviewed articles focused on.
However, it is interesting to note the faculty experience
with the flipped classroom versus the traditional
classroom. A study by McLaughlin et al. suggested that to
flip a classroom, an educator must invest 127% more time
in course development and 57% more time to maintain
that course than a traditional lecture 23. On average, a
15-minute online lecture required two to three hours of
production and editing. On the same note, however, once
pre-class material is recorded or prepared, online
courses and materials can be used on multiple,
consecutive cohorts 24, Bhai et al. found that 60% of the
faculty preferred traditional classroom teaching in a
survey of 16 core faculty members, of which 10
responded. Of note, a primary concern raised by the
faculty was that students come to class without watching
the videos 15.

© 2025 European Society of Medicine

Conclusions:

Based on this literature review, the flipped classroom
approach can yield increased medical student
performance as well as increased student satisfaction in
the classroom as compared to the traditional classroom
approach. As medicine evolves, and technology changes,
the flipped classroom approach appears to be beneficial
in improving critical thinking and problem solving in
medical school students.

Future Considerations:

All 15 of the articles from this literature review studied
medical students in their pre-clinical years. Only one
study was found which studied Podiatry students
specifically, but these students were pre-clinical as well.
It may be beneficial to carry out further studies on the
specific benefits of the flipped classroom in Podiatric,
Allopathic, and Osteopathic medical students in their
clinical courses.

Disclosures: The authors have no financial disclosures
or conflicts of interest
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