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Learning physiology is a crucial aspect of medical education, focusing on the
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for active learning, loss of motivation, and lack of student engagement.
This study explores the impact of flipped classrooms, gamification, and
visualization teaching methods on student engagement in physiology education.

This review integrates insights from studies published between 2020 and 2024,
highlights the complementary strengths of these methods, and offers a roadmap for
educators to create dynamic and engaging learning environments tailored to modern
medical education.

Nine published articles were included to provide an understanding of modern
methods and their impact. The flipped classroom approach is a strategy to encourage active
learning, but it can also increase students’ workload. Incorporating game elements into the

Education through Flipped learning process can create a more enjoyable environment and enhance students’

Classrooms,
Visualization: A Narrative Review.
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processes.

Gamification,  and  motivation to learn. Physiology is a complex subject with abstract concepts; therefore,
visualization methods can simplify these concepts and ultimately support students’ learning

No single superior teaching or learning method is available. Educators and

students must adapt their approaches to suit the specific needs of the classes and individuals.

Flipped Classroom; Gamification; Physiology Education; Student Engagement;

Visualization

Medical education is a challenging path toward
becoming a doctor (1). During this process, medical
students are required to be lifelong learners and
continuously update their knowledge (2). According to
the Cambridge Dictionary, learning involves knowledge
acquisition (3). Bloom’s taxonomy divides learning into
six levels, starting from the lowest: remembering,
understanding, applying, analyzing, evaluating, and
creating (4). The higher the level of Bloom’s taxonomy,
the more proficient a person is at mastering the subject

(5).

Physiology is a complex but essential branch of
knowledge in the medical field. Physiology studies the
normal functions of living organisms, including their
parts and all the biological processes occurring within
them (6). Previous studies have demonstrated that
physiology is often considered difficult to understand
(7). Medical students need active engagement in the
learning process to master the basics of physiology
effectively (8).

Student engagement refers to the attention and effort
devoted to learning performance and reflects the
motivation to learn (9). Previous studies have revealed a
significant relationship between student engagement
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and learning outcomes (6, 10, 11). Factors that influence
student engagement in learning include active
participation in class, the relationship between teachers
and students, active and collaborative learning, and a
conducive educational environment (6).

Despite the growing awareness of its significance,
strategies to enhance student engagement in physiology
education are inconsistent and often inadequately
evaluated. Therefore, conducting a well-designed study
in this area is crucial for generating reliable evidence for
constructive  andragogical approaches. Rigorous
research is essential to ensure that interventions address
the barriers students face, leading to optimal learning
outcomes and efficient educational resources. A
carefully structured study helps identify gaps in existing
methods and fosters the development of innovative
approaches. Without such evidence, efforts to improve
engagement may remain fragmented, unsystematic, and
less impactful.

Several teaching methods can enhance student
engagement. This review explores the relationship
between flipped classrooms, gamification, and
visualization teaching methods and student engagement
in human physiology education. It synthesizes the
existing research and compares the most efficacious
teaching methods for enhancing student participation
and understanding in human physiology courses.

This narrative review was conducted to synthesize
recent evidence on strategies to enhance student
engagement in physiology education. Literature
search was performed in PubMed and Google Scholar
using the following keywords: “student engagement,”
“study method,” and “physiology.” Boolean operators
were applied (e.g., “student engagement” AND “study
method” AND “physiology”), with filters set for
publication period (2020-2024) and language (English).

PubMed was selected because it provides
comprehensive biomedical coverage, and Google
Scholar was included to capture additional peer-
reviewed educational studies. Other databases, such as
Scopus, Web of Science, and ERIC, were not prioritized
because of their substantial overlap with records
retrieved from PubMed and Google Scholar, as well as
subscription limitations. For the scope of this narrative
review, the combination of PubMed and Google Scholar
was considered adequate for identifying the most
relevant studies, resulting in the inclusion of nine
articles in the final synthesis.
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The selection process comprised two stages: (1)
screening titles and abstracts to remove duplicates and
irrelevant articles; (2) full-text review of potentially
eligible studies. Two reviewers independently
conducted the screening and data extraction.
Discrepancies were resolved through discussion until a
consensus was reached.

The data were extracted and reviewed for each
article. The inclusion criteria were as follows: (1)
original research published in peer-reviewed
international journals, (2) written in English, and (3)
explicitly examining student engagement in physiology
education. The exclusion criteria were as follows: (1)
reviews, conference abstracts, editorials, and studies not
directly related to physiology or student engagement; (2)
not written in English; and (3) full text not available.

The initial search identified 543 and 345 articles in
PubMed and Google Scholar, respectively. After
removing duplicates and irrelevant records, 38 articles
remained for full-text review. Of these, nine met the
inclusion criteria and were included in the final
synthesis. Although the number of included studies was
relatively small, it reflects a limited but emerging body
of literature that focuses on student engagement
strategies in physiology education. The overall study
selection process is illustrated in Figure 1.

Data were extracted using a structured matrix that
included the study design, participants, teaching
methods, and key findings. The synthesis followed a
thematic narrative approach, grouping the results into
three main categories: the flipped classroom,
gamification, and visualization. This review did not
follow a systematic review protocol, such as PRISMA, as
the aim was to provide a broad narrative overview of
recent trends rather than a systematic assessment.

Nine studies were included in this narrative review.
Table 1 summarizes the articles examined in this review.
Each row in the table represents an individual study,
detailing its methodology, population, and key findings.
This overview enables readers to swiftly grasp the
diversity of approaches explored in the literature and
their specific impacts on student engagement in
physiology education. Lu et al. (2023) asked whether a
flipped classroom would improve exam performance
compared with traditional teacher-centered lectures.

Their findings confirmed that students in the flipped
classroom achieved significantly  higher usual
performance and final exam scores, directly answering
the study question (12). Similarly, Ganfornina et al.
(2023) investigated whether flipped classrooms could
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enhance intrinsic motivation and learning outcomes in
neurophysiology. The results showed higher final grades
and improved learning perceptions, supporting the
effectiveness of this approach (13). Anderson et al.
(2023) explored whether the different delivery modes
(online, hybrid, and in-person) of flipped teaching
during the COVID-19 pandemic affected performance.
Interestingly, hybrid flipped formats were linked to
lower exam scores—while the flipped model can be
beneficial, contextual factors such as modality and
external stressors are crucial (14).

Hennekes et al. (2021) investigated whether
incorporating the PEGASUS Games into preclinical
education enhanced outcomes in anatomy and
physiology. Their results confirmed that students
exposed to the game showed superior learning
performance (15). Roberts et al. (2024) asked whether a
board game (“Codenames”) could increase engagement
and higher-order thinking in physiology classes. The
findings revealed that this gamified activity promoted
active involvement and encouraged integrative thinking,
addressing the study’s central question (16). Bawazeer et
al. (2023) evaluated whether interactive polls (Kahoot,
Mentimeter, Blackboard) could sustain engagement
during a pandemic. This study demonstrated a positive
effect, showing that digital gamified polling created an
enjoyable learning atmosphere and enhanced
interaction (17).

Subbiramaniyan et al. (2021) explored whether
memes could improve the engagement and
comprehension of renal physiology. Their study
confirmed that memes increased enjoyment and
simplified complex topics, directly answering the
research question (18). Su et al. (2023) investigated the
effectiveness of the “Hand as Foot” method as a visual
analogy for physiology education. A randomized trial
demonstrated that this technique significantly improved
understanding and engagement, validating the research
aim (19).

Keba et al. (2024) assessed whether word clouds
generated via Mentimeter could serve as a formative
assessment and engagement tool. The results showed
that this technique effectively monitored the learning
progress while enhancing classroom participation (20),
answering the study question.

Conventional lectures are teacher-centered and
often limit student interaction and long-term retention.
The flipped classroom shifts the focus to active, student-
centered learning with pre-class preparation and in-
class discussions, resulting in improved understanding
and problem-solving, but may increase student

workload. Gamification stands out for transforming
learning into enjoyable and motivating experiences
through elements such as games and competitions,
fostering engagement, autonomy, and positive
emotions. Visualization methods, including memes,
hand gestures, and creative digital tools, simplify
complex physiological concepts, making learning more
accessible and memorable. The flipped classroom, in
combination with gamification and visualization
techniques, has emerged as the most efficacious
approach. It offers the deepest engagement, enhanced
learning motivation, and better retention, as it is well-
structured and tailored to student needs.

This review addresses three study questions
concerning flipped classrooms, gamification, and
visualization in physiology education. Flipped
classrooms have been shown to enhance engagement
and learning outcomes by fostering active, student-
centered participation, with most studies reporting
higher exam scores and more positive learning
perceptions than traditional lectures. Nevertheless,
outcomes could vary depending on the delivery
modality. Gamification methods, including serious
games, board games, and interactive digital polls,
consistently increase student motivation, enjoyment,
and higher-order thinking, confirming their value in
sustaining participation. Visualization techniques, such
as memes, hand gestures, and word clouds, effectively
simplify complex physiological concepts and promote
comprehension while maintaining student interest.
Overall, the evidence indicates that all three methods
improve engagement in different but complementary
ways. In particular, flipped classrooms, in combination
with gamification and visualization, have been
considered the most comprehensive approach for
enhancing participation and understanding in human
physiology courses.

Physiology requires students to possess an
understanding beyond mere memorization (21, 22).
Students must integrate complex concepts to develop a
strong scientific foundation. Mastering physiology is a
crucial bridge connecting preclinical and clinical
learning in medicine. Fatima et al. present several
challenges and obstacles in studying physiology,
including concept integration (84%), the use of active
learning methods (81.7%), and the role of educators in
answering student questions (88.4%) (23). Challenges in
studying physiology can be addressed through
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engagement and the active involvement of students in
learning (24).

Educators and students must contribute toward
fostering student engagement (9). Reinke et al. state that
educators are responsible for creating learning
environments and experiences that promote active
learning and facilitate social interaction in the classroom
(6). Educators must package learning such that students
develop interest and spend more time studying.
Conventional teaching methods that emphasize teacher-
centered lectures are no longer relevant to the evolving
needs of university students (25). Conventional
learning, which limits the interactions between students
and teachers and among students (26), must be replaced
with other teaching methods that enhance student
engagement.

The flipped classroom is a student-centered learning
method that has been proven to increase student
engagement (27, 28). In its implementation, students
must prepare themselves before class begins by reading
materials or watching prerecorded videos (29). Learning
instructions are provided to the students before the class
starts. During in-class meetings, the learning process
focuses on group discussions, case-based studies,
debates, and short presentations (13). Hadad et al.
(2025) substantiate the significant decay of physiological
knowledge over time, demonstrating the most
significant loss in the gastrointestinal system while
noting a positive retention only in endocrinology among
fourth-year students. These findings underscore the
critical necessity of implementing active learning
strategies—the flipped classroom, gamification, and
visualization methods—as they are directly focused on
reinforcing long-term memory and counteracting the
Ebbinghaus forgetting curve (30). Lu et al. investigated
the impact of the flipped classroom on physiology
education. This study was conducted with 131
respondents divided into six classes and randomly
assigned to receive conventional and flipped classroom
instruction. The findings showed a significant difference
in final exam scores between the groups, with the flipped
classroom outperforming the conventional teaching
class (p <0.05). The number of students in the flipped
classroom group who failed the final exam was also
lower than in the conventional group. Notably, 77.58%
of the respondents agreed that the flipped classroom
improved their understanding, 86.21% mentioned that
it enhanced their independent learning skills, and 70%
stated that it improved their problem-solving skills (12).

Interactive activities built into the teaching and
learning processes are created because time is allocated
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for students to be first exposed to new concepts and
materials. The flipped classroom promotes active,
cooperative, collaborative, and problem-based learning
(12). Existing research has proven that flipped
classrooms are beneficial for increasing student
engagement (12, 29, 31). However, despite its many
advantages, the flipped classroom may add to the
burden and cause some students to feel overly anxious
and lose motivation to study because of the limited pre-
class independent study time (12, 13).

Ganfornina et al. attempted to address the increased
workload arising from the flipped classroom learning
method by eliminating pre- and in-class assessments
(13). This approach emphasizes the students’ internal
motivations for learning. Ganfornina et al. investigated
the application of the flipped classroom in
neurophysiology education. Neurophysiology content
was delivered at the end of the physiology curriculum
and is a challenging subject. This study compared the
final grades of groups that received traditional and
flipped classroom instruction. Printed student
workbooks and study guides were provided before class
began. During the class sessions, the instructor
implemented  doubt-solving  activities,  group
discussions, debates on important topics, and brief
presentations linking the learning material to clinical
aspects. The classes concluded with challenge questions
and take-home messages. The results showed that the
group taught using the flipped classroom method
demonstrated better memory retention (p < 0.009).
Additionally, the flipped classroom approach was
helpful in understanding crucial neurophysiological
concepts (p = 0.048). The students in the flipped
classroom group achieved higher exam scores (13).

Students in large classes are more likely to skip
sessions and focus solely on studying for exams (32).
This habit drives students to adopt a test-oriented
learning approach, ultimately leading to poor long-term
material retention. The flipped classroom teaching
method offers a solution by fostering active learning,
which promotes the longer retention of information in
the brain (33). According to Ganfornina et al., there is
no universally perfect teaching or learning method; each
student must identify the approach that best aligns with
their intrinsic motivation (13). It also highlights the
importance of educators preparing concise, effective,
and practical materials to ensure that the flipped
classroom model is accessible and beneficial to all
students, including those hesitant to embrace this
teaching method (13).
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Anderson et al. examined the impact of using a
hybrid flipped classroom model during the covid-19
pandemic and found that it decreased academic
performance compared to groups attending -either
entirely in-person or fully online classes (14). Students
perceived the hybrid flipped classroom to offer no
significant advantages over traditional teaching
methods. In-class sessions emphasize active learning by
engaging in group discussions and problem-solving
activities. However, some students reported discomfort
with active learning because of the uncertainty of correct
answers, even though the instructors ultimately clarified
this. The hybrid format also limited the instructors’
ability to effectively evaluate small-group discussions,
and the mixed presence of in-person and online
participants further reduced the effectiveness of the
flipped classroom approach. Despite these challenges,
some students recognized that active learning improved
their critical thinking skills (14).

Gamification is a teaching method that leverages the
fun of playing and connects it with the learning process.
This approach can make the learning environment
enjoyable and ultimately increase students’ attention. In
addition to the learning environment, enhancing student
engagement requires attention to active learning, social
interaction in learning, and collaboration. Traditional
classes deliver materials to one or several separate
classes, causing students to struggle integrating the
overall material. Gamification can help students
integrate materials and create fun learning
environments, ultimately sparking active learning.

The benefits of gamification in education, as
researched by Waluyo et al,, include the addition of
game elements such as points, badges, and goals, which
create a positive learning environment and foster
positive emotions (34). This approach has been shown
to reduce anxiety and increase student motivation to
learn (34). A pleasant learning atmosphere encourages
students to participate actively in the learning process
(35). Additionally, gamification fosters autonomy,
competence, and relatedness, contributing to intrinsic
and extrinsic motivation, as seen in tools such as Kahoot
and Quizlet. Gamification’s ability to create enjoyable
and engaging environments has consistently been linked
to improved student performance and participation
(35, 36).

Hennekes et al. conducted a study comparing
learning outcomes between groups taught using
gamification and those taught using conventional
methods in the context of neck and thyroid education.
The gamified group engaged in three different games:

“ball toss,” “taboo,” and “pin the tail,” all played in
groups with the objective of helping students retrieve
information from their memory. The non-gamified
group received traditional instructions. The results
showed that the gamified group achieved higher
immediate post-test scores, increased learning
motivation, and improved social interactions (15).

Roberts et al. presented data on the use of games in
physiology education. Seventy-four respondents were
divided into small groups and allowed to play the
educational games. The games used in this study were
designed to achieve higher levels of Bloom’s taxonomy
through interleaving, recall, and teamwork. Respondents
stated that using games gave them a new perspective on
learning, made them more interested, and enabled them
to integrate the topics they studied (16). Gamification has
the potential to increase student engagement in
physiology teaching. An increase in student engagement
primarily occurs through the creation of a fun learning
environment. However, educators must design games
that enhance students’ analytical and evaluative skills to
reach higher levels of Bloom’s taxonomy. Designing
games must be tailored to various aspects, including the
characteristics of the students, while considering the
type of game player (37).

Classroom interactions are important for enhancing
student engagement. The interaction between students
and instructors in conventional classrooms during Q&A
sessions is sometimes not optimal because students tend
to be shy about asking questions and fear making
mistakes in front of their peers. An alternative for
fostering this interaction is online polling. Applications,
such as Kahoot and Mentimeter can be used to increase
student engagement. Research conducted at King Saud
bin Abdulaziz University during the COVID-19
pandemic revealed the benefits of online polling in
increasing engagement among physiology students.
Online polling can facilitate interactions between
educators and students. Most respondents agreed that
they were comfortable using online polling services.

Additionally, online polling improved grades, and
88.9% of the respondents agreed to use online polling
again, even for other subjects. The increase in grades
observed in previous research may be relevant to
retrieval theory. A retrieval technique is one way to
achieve deep learning by first attempting to recall
materials without referring to other sources. Retrieval is
an active learning strategy (17).

Using creative learning media allows for longer
retention of new knowledge in the brain. Memes are a
means of communication that combine elements of pop
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culture, and are usually used for online conversations.
Using media, such as memes, creates a combination of
enjoyable textual and visual materials (38-40). Making
memes requires analyzing and integrating material,
which is beneficial for achieving higher levels of Bloom’s
taxonomy (41). The benefits of memes in increasing
student engagement in physiology education have been
observed in a study by Subbiramaniyan et al. This study
involved 146 students studying renal physiology who
created a meme. A total of 44% of students stated that
using memes was enjoyable and could relieve stress.
Notably, 38% of the students felt that memes made
information easier to remember than conventional text
forms. Thirty% of students stated that memes could
simplify complex concepts and make the material easier
to understand (18).

Learning media are not limited to presentation
slides, textbooks, or two-dimensional images.
Conventional learning media lack the ability to visualize
materials. Using virtual reality (VR), augmented reality
(AR), or mixed reality (MR) allows more visual teaching
and helps students understand abstract concepts
(42, 43). However, the use of advanced technology incurs
significant costs and is not available in all areas. Intelligent
visualization alternatives use hand gestures. Hand-as-foot
is a teaching method that uses hand gestures to simulate
anatomical structures and functions. Using hands-in
visualization can help students understand complex
physiology. A randomized study by Su and Zhao
examined the effect of the Hand as Foot on physiology
education. Eighty-four respondents were divided into
two groups: traditional and experimental. Renal
physiology was studied in both groups. The results
showed that the group taught using the hand-as-the-
foot method had higher engagement levels, better
understanding, and better recall than the conventional
group (19).

The hand as a foot can increase student engagement.
This aligns with the method’s ability to create a conducive
learning environment. Educators practice hand gestures
while delivering material, followed by students, initiating
active student engagement and fostering interactions
between teachers and students. Another benefit of the
hand as a foot-teaching method is the simplification of
complex materials, which increases students’ learning
motivation. However, Su and Zhao conducted their
study on only one topic: renal physiology. Further
research is required to determine whether the foot-
teaching method can be applied to other physiological
areas (19).
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Evaluation is a critical aspect of the learning
process and can be summative or formative. Quick
assessments conducted after delivering the material,
known as formative evaluations, help determine
whether a class understands the presented content.
Through formative evaluation, educators can adapt
their teaching methods to be more relevant and aligned
with student needs. Research by Keba et al. revealed that
using word clouds with Mentimeter provides rapid
visualization of students’ understanding in class
following lessons. This approach is an effective
formative evaluation that offers valuable insights into
enhancing learning processes (20).

A summary of this review is presented in Figure 2.
The flipped classroom encourages active learning by
combining independent studies with clear study
guidance before class, such as reading materials or
watching prerecorded instructional videos. Educators
should focus on activities that develop problem-solving,
discussion, and critical thinking skills during class rather
than relying on traditional lectures. However, the
increased workload associated with flipped classrooms
can lead to a loss of motivation among students.
Therefore, educators must be attentive to student
conditions and design well-structured curricula.
Combining gamification and visualization with the
flipped classroom model can create a more enjoyable
classroom atmosphere and enhance interactions
between students, teachers, and peers. Learning
activities packaged as games can evoke positive
emotions and reduce student stress, which has a positive
impact on increasing student engagement. Educators
should also ensure that games are tailored to suit the
characteristics of students, which creates a challenge in
designing meaningful games. Visualization methods like
“hand as foot” or memes can simplify complex and
abstract material, making it easier for students to
understand. Every learning process should be evaluated
to create a dynamic learning environment that meets the
needs of the class. Tools such as word clouds can be used
for formative assessment, providing quick visual feedback
on students’ understanding and helping educators refine
their teaching strategies for better outcomes. These
innovative methods are expected to improve student
engagement by improving learning outcomes, increasing
motivation, and attaining higher material retention. These
innovative methods are expected to enhance student
engagement by improving learning outcomes, increasing
motivation, and promoting material retention.
Nonetheless, this study has several limitations. First, the
review included only a few studies (n = 9), which may
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have restricted the generalizability of the findings.
Second, the search strategy was limited to two databases
and did not include ERIC, potentially leading to the
Third,
considerable heterogeneity among the included studies

omission of relevant studies. there was
in terms of the study design, population, and outcome
measures, which may have affected the comparability of
the results. Finally, a formal quality assessment of the
primary studies was not conducted, which may have
limited the ability to evaluate the strength of the

evidence.

Physiology is challenging because of its complex
concepts and the need for a deep understanding. The
key to a student’s success in mastering these complex
concepts lies in active learning, which promotes the
longer retention of information in the brain.

Modern teaching methods provide educators with
diverse tools to address the varying learning styles and
classroom dynamics. The integration of flipped
classrooms, gamification, and visualization represents a
shift toward more interactive and student-centered
teaching approaches in physiology education. By
leveraging these methods, educators can design
adaptable strategies that align with the evolving
demands of modern medical education, ensuring a more
engaging and effective learning environment for
students. Future research should involve larger multi-
dedicated

educational databases to enhance the generalizability of

institutional studies and incorporate
the findings. Additionally, direct comparisons among
different innovative teaching methods are required to
identify the most effective strategies for specific

physiological topics and student cohorts.
Not applicable.
There is no conflict of interest.
Not applicable.

Support of article publication charge
from Universitas Kristen Maranatha upon acceptance.

1. Densen P. Challenges and Opportunities facing Medical
Education. Trans Am Clin Climatol Assoc. 2011:122:48-58.
[PMID: 21686208] [PMCID: PMC3116346]

2. Badyal D, Singh T. Learning theories: The basics to learn in
medical education. Int ] Appl Basic Med Res. 2017 Dec;7(Suppl
1):S1-S3.  doi: 10.4103/ijabmr. IJJABMR_385_17. [PMID:
29344448] [PMCID: PMC5769162]

3. Learning | meaning - Cambridge Learner’s Dictionary. [cited 2025
Jan 4]. Available from:

10.

11.

12.

13.

14.

15.

16.

https://dictionary.cambridge.org/dictionary/learner-
english/learning.

Bloom’s Taxonomy and Cognitive Levels in Assessment. [cited
2025 Jan 4]. Available from: https://assess.com/blooms-
t&lX()ﬂ()lﬂy’C()gl]iti\'t"lt‘\'t‘ls’ﬂSSt‘SSlﬂt‘l]t/

Stringer JK, Santen SA, Lee E, Rawls M, Bailey J, Richards A, et al.
Examining Bloom’s Taxonomy in Multiple Choice Questions:
Students’ Approach to Questions. Med Sci Educ. 2021 May
25;31(4):1311-1317. doi: 10.1007/s40670-021-01305-y. [PMID:
34457973] [PMCID: PMC8368900]

Reinke NB. Promoting student engagement and academic
achievement in first-year anatomy and physiology courses. Adv
Physiol Educ. 2019 Dec 1;43(4):443-450. doi:
10.1152/advan.00205.2018. [PMID: 31460774]

Slominski T, Grindberg S, Momsen J]. Physiology is hard:
A replication study of students’ perceived learning difficulties.
Adv  Physiol Educ. 2019 Jun 1;43(2):121-7. doi:
10.1152/advan.00040.2018. [PMID: 30835145]

Halalsheh R, Al-Rawashdeh A, Rababah E. Medical students’
perceptions of factors that Impact their performance in human
physiology course: suggestions for improving course
presentation. BMC Med Educ. 2023 Sep 27;23(1):705. doi:
10.1186/512909-023-04661-y.  [PMID: 37759240] [PMCID:
PMC10523740]

Xu X, Shi Z, Bos NA, Wu H. Student engagement and learning
outcomes: an empirical study applying a four-dimensional
framework. Med Educ Online. 2023 Dec;28(1):2268347.
doi:  10.1080/10872981.2023.2268347.  [PMID:  37807698]
[PMCID: PMC10563621]

Hopper MK, Hopper MK. Assessment and comparison of student
engagement in a variety of physiology  courses.
Adv Physiol Educ. 2016 Mar;40(1):70-8. doi:
10.1152/advan.00129.2015. [PMID: 26873893]

Hopper MK, Kaiser AN. Engagement and higher order skill
proficiency of students completing a medical physiology course in
three diverse learning environments. Adv Physiol Educ. 2018 Sep
1;42(3):429-438.  doi:  10.1152/advan.00128.2017.  [PMID:
29972057]

Lu C, Xu J, Cao Y, Zhang Y, Liu X, Wen H, et al. Examining the
Effects of Student-Centered Flipped Classroom in Physiology
Education. BMC Med Educ. 2023 Apr 12;23:233. doi:
10.1186/s12909-023-04166-8.  [PMID: 37046277] [PMCID:
PMC10091629]

Ganfornina MD, Diez-Hermano S, Sanchez D. Flipped Classroom
in Neurophysiology: Performance Analysis of a System Focusing on
Intrinsic  Students’ Motivation. Front Physiol. 2023 Dec
8:14:1308647.  doi: 10.3389/fphys.2023.1308647. [PMID:
38143917] [PMCID: PMC10749200]

Anderson LC, Jacobson T. Providing the Choice of In-Person or
Videoconference Attendance in A Clinical Physiology Course
May Harm Learning Outcomes for The Entire Cohort. Adv
Physiol Educ. 2023 Sep 1;47(3):548-556. doi:
10.1152/advan.00160.2022. [PMID: 37318999]

Hennekes M, Rahman S, Schlosser A, Drake A, Nelson T,
Hoffberg E, et al. The PEGASUS Games: Physical Exam, Gross
Anatomy, phySiology and UltraSound Games for Preclinical
Medical Education. POCUS J. 2021 Apr 22;6(1):22-8. doi:
10.24908/pocus.v6il.14758.  [PMID:  36895495]  [PMCID:
PM(C9979934]

Roberts ], Johnson LA, Dyhr JP. Cracking The Code: Using
Educational Gaming For High-Level Thinking In Physiology
Education. Adv Physiol Educ. 2024 Jun 1;48(2):260-9. doi:
10.1152/advan.00154.2023. [PMID: 38328813]

Strides Dev Med Educ. 2025 October; 23(1): e1513 7


https://pubmed.ncbi.nlm.nih.gov/21686208/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3116346/
https://journals.lww.com/ijab/fulltext/2017/07001/learning_theories__the_basics_to_learn_in_medical.1.aspx
https://pubmed.ncbi.nlm.nih.gov/29344448/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5769162/
https://dictionary.cambridge.org/dictionary/learner-english/learning
https://dictionary.cambridge.org/dictionary/learner-english/learning
https://assess.com/blooms-taxonomy-cognitive-levels-assessment/
https://assess.com/blooms-taxonomy-cognitive-levels-assessment/
https://link.springer.com/article/10.1007/s40670-021-01305-y
https://pubmed.ncbi.nlm.nih.gov/34457973/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8368900/
https://journals.physiology.org/doi/full/10.1152/advan.00205.2018
https://pubmed.ncbi.nlm.nih.gov/31460774/
https://journals.physiology.org/doi/full/10.1152/advan.00040.2018
https://pubmed.ncbi.nlm.nih.gov/30835145/
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-023-04661-y
https://pubmed.ncbi.nlm.nih.gov/37759240/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10523740/
https://www.tandfonline.com/doi/full/10.1080/10872981.2023.2268347
https://pubmed.ncbi.nlm.nih.gov/37807698/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10563621/
https://journals.physiology.org/doi/full/10.1152/advan.00129.2015
https://pubmed.ncbi.nlm.nih.gov/26873893/
https://journals.physiology.org/doi/full/10.1152/advan.00128.2017
https://pubmed.ncbi.nlm.nih.gov/29972057/
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-023-04166-8
https://pubmed.ncbi.nlm.nih.gov/37046277/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10091629/
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2023.1308647/full
https://pubmed.ncbi.nlm.nih.gov/38143917/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10749200/
https://journals.physiology.org/doi/full/10.1152/advan.00160.2022
https://pubmed.ncbi.nlm.nih.gov/37318999/
https://ojs.library.queensu.ca/index.php/pocus/article/view/14758
https://pubmed.ncbi.nlm.nih.gov/36895495/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9979934/
https://journals.physiology.org/doi/full/10.1152/advan.00154.2023
https://pubmed.ncbi.nlm.nih.gov/38328813/
https://sdme.kmu.ac.ir/

Ivone J. et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bawazeer MA, Aamir S, Othman F, Alkahtani R. Students
Engagement Using Polls in Virtual Sessions of Physiology,
Pathology, And Pharmacology at King Saud bin Abdulaziz
University for Health Sciences During COVID-19 Pandemic:
A Cross-Sectional Study. BMC Med Educ. 2023 Apr 21;23(1):276.
doi: 10.1186/512909-023-04253-w. [PMID: 37085845] [PMCID:
PMC10121230]

Subbiramaniyan V, Apte C, Mohammed CA. A meme-based
approach for enhancing student engagement and learning in renal
physiology. Adv Physiol Educ. 2022 Mar 1346(1):27-29. doi:
10.1152/advan.00092.2021. [PMID: 34709945]

Su YN, Zhao DY. Effectiveness of the “Hand as Foot” Teaching
Method: A Randomized Controlled Trial in Human Physiology
Education. Asian ] Surg. 2024 Feb;47(2):953-958. doi:
10.1016/j.asjsur.2023.12.178. [PMID: 38185549]

Keba J, Ramdas Nayak VK, Sajitha N, Himiki S. Using Word
Cloud as A Formative Assessment Classroom Technique in
Physiology. Adv Physiol Educ. 2024 Dec 1;48(4):708-711. doi:
10.1152/advan.00142.2023. [PMID: 39291936]

Miller SA, Perrotti W, Silverthorn DU, Dalley AF, Rarey KE. From
college to clinic: reasoning over memorization is key for
understanding anatomy. Anat Rec. 2002 Apr 15;269(2):69-80. doi:
10.1002/ar.10071. [PMID: 12001213]

Garcia-Estan ], Oliveira JMA, Rodrigues LM. Editorial:
Physiological education: preparing for the future. Front Physiol.
2024 Feb 15:15:1380314. doi: 10.3389/fphys.2024.1380314.
[PMID: 38426203] [PMCID: PMC10902423]

Fatima S, Ahmed ST, Hashmat S, Abbas H, Safiuddin Z, Borges K.
Challenges and Difficulties Associated with Physiology Learning
in Undergraduate Medical Students in Integrated Curriculum.
Medical Forum Monthly. 2020; 31(12): 53.

Hasan Z, Sequeira R, Hasan ZA. Challenges of Teaching
Physiology in an Integrated System-Based Curriculum. Can Med
Educ J. 2012 Mar 31;3(1):e73-6. [PMID: 26451176] [PMCID:
PMC4563640]

Abbad Alessa I, Hussein S. Using Traditional and Modern
Teaching Methods on The Teaching Process from Teachers’ Own
Perspective. Route Educational & Social Science Journal. 2023;
10(2): 65-92. doi: 10.17121/ressjournal.3361.

Sun HL, Sun T, Sha FY, Gu XY, Hou XR, Zhu FY, et al.
The Influence of Teacher-Student Interaction on the Effects of
Online Learning: Based on a Serial Mediating Model.
Front Psychol. 2022 Mar 16:13:779217. doi:
10.3389/fpsyg.2022.779217.  [PMID: 35369265  [PMCID:
PMC8966226]

White PJ, Naidu S, Yuriev E, Short JL, Mclaughlin JE, Larson IC.
Student Engagement with a Flipped Classroom Teaching Design
Affects Pharmacology Examination Performance in a Manner
Dependent on Question Type. Am ] Pharm Educ. 2017
Nov;81(9):5931. doi: 10.5688/ajpe5931. [PMID: 29302082]
[PMCID: PM(C5738940]

Zhang F, Wang H, Zhang H, Sun Q. The Landscape of Flipped
Classroom Research: A Bibliometrics Analysis. Frontiers in
Education. 2024;9: 106. doi:10.3389/feduc.2024.1165547.
Swensen J. Flipped Classrooms: Student Engagement Enhancing
Student Success and Satisfaction. (dissertation). Montreal,
Canada: Concordia University; 2022.

Hadad MK, Dehghani MR, Okhovati M, Shafian S. Retention of
physiology knowledge among medical students in basic science: a
cross-sectional study. BMC Med Educ. 2025 Jul 1;25(1):965. doi:
10.1186/s12909-025-07543-7.  [PMID: 40598391] [PMCID:
PMC12217992]

Strides Dev Med Educ. 2025 October; 23(1): el1513

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Khayat M, Hafezi F, Talebzadeh Shoushtari M, Asgari P.
Comparison of the effectiveness of flipped classroom and
traditional teaching method on the components of
self-determination and class perception among university
students. ] Adv Med Educ Prof. 2021 Oct;9(4):230-237. doi:
10.30476/JAMP.2021.89793.1385. [PMID: 34692861] [PMCID:
PMC8521212]
Wang L, Calvano L. Class size, student behaviors and educational
outcomes. Organization Management Journal. 2022 Aug
2;19(4):126-42. doi:10.1108/OM]-01-2021-1139.
Faro MH, Gutu TS, Hunde AB. Improving student engagement
with a flipped classroom instruction model in Ethiopian higher
education institutions: The case of Mattu University. PLoS One.
2024 Oct 2;19(10):€0307382. doi: 10.1371/journal.pone.0307382.
[PMID: 39356707] [PMCID: PMC11446460]
Waluyo B, Balazon FG. Exploring The Impact of Gamified
Learning on Positive Psychology in CALL Environments:
A Mixed-Methods Study with Thai University Students. Acta
Psychol (Amst). 2024 Nov:251:104638. doi:
10.1016/j.actpsy.2024.104638. [PMID: 39647452]
Kumar M, Professor BA. Exploring the Impact of Gamification on
Students’ Motivation, and Learning Outcomes in Secondary
Education. International Journal for Multidisciplinary Research.
2023; 5(5): 1-14.
Ozdemir O, Seckin H. Quantifying cognitive and affective impacts
of Quizlet on learning outcomes: a systematic review and
2024 Mar
[PMID:

comprehensive meta-analysis. Front Psychol.
6:15:1349835.  doi:  10.3389/fpsyg.2024.1349835.
38510305] [PMCID: PMC10951395]

Van Gaalen AE], Schonrock-Adema J, Renken RJ, Jaarsma ADC,
Georgiadis JR. Identifying Player Types to Tailor Game-Based
Learning Design to Learners: Cross-sectional Survey using Q
Methodology. JMIR Serious Games, 04 Apr 2022, 10(2): €30464.
doi:10.2196/30464. [PMID: 35377333] [PMCID: PMC9016507]
Olalekan SS, Akinola V, Olasupo AO. Exploring the Effectiveness
of Meme-Based Learning on Nigerian University Students’
Engagement, Motivation, and Understanding of Complex
Concepts: A Survey Study. Engineering and Technology Journal.
2024 Sep 12;09(09): 4987-92.

Tidy H, Bolton-King RS, Croxton R, Mullen C, Nichols-Drew L,
Carlysle-Davies F, et al. Enhancing the student learning
experience through memes. Sci Justice. 2024 May;64(3):
280-288. doi: 10.1016/j.5¢ijus.2024.03.004. [PMID: 38735664]
Kiersten Brooke Marymee B, Cardullo R, Hays Jr Chair HH.
Using Memes as Educational Vectors: Analyzing Understanding
Amongst College Students in Introductory Organic Chemistry.
California: University of California; 2020.

Kath LM, Schmidt GB, Islam S, Jimenez WP, Hartnett JL. Getting
Psyched About Memes in the Psychology Classroom. Teaching of
Psychology. 2024;51(3):345-51. doi:10.1177/00986283221085908.
Lin XP, Li B Bin, Yao ZN, Yang Z, Zhang M. The impact of virtual
reality on student engagement in the classroom-a critical review
of the literature. Front Psychol. 2024 Apr 10:15:1360574. doi:
10.3389/fpsyg.2024.1360574.  [PMID:  38659670]  [PMCID:
PMC11040080]

Benefits of Virtual Reality in Education: Tools & Resources |
American University. [cited 2025 Jan 4]. Available from:
https://soeonline.american.edu/blog/benefits-of-virtual-reality-

in-education/.


https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-023-04253-w
https://pubmed.ncbi.nlm.nih.gov/37085845/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10121230/
https://journals.physiology.org/doi/full/10.1152/advan.00092.2021
https://pubmed.ncbi.nlm.nih.gov/34709945/
https://www.sciencedirect.com/science/article/pii/S1015958423021450?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/38185549/
https://journals.physiology.org/doi/full/10.1152/advan.00142.2023
https://pubmed.ncbi.nlm.nih.gov/39291936/
https://onlinelibrary.wiley.com/doi/10.1002/ar.10071
https://pubmed.ncbi.nlm.nih.gov/12001213/
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2024.1380314/full
https://pubmed.ncbi.nlm.nih.gov/38426203/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10902423/
https://pubmed.ncbi.nlm.nih.gov/26451176/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4563640/
https://doi.org/10.17121/ressjournal.3361
https://doi.org/10.3389/fpsyg.2022.779217
https://pubmed.ncbi.nlm.nih.gov/35369265/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8966226/
https://www.sciencedirect.com/science/article/pii/S0002945923025329?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29302082/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5738940/
https://www.frontiersin.org/journals/education/articles/10.3389/feduc.2024.1165547/full
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-025-07543-7
https://pubmed.ncbi.nlm.nih.gov/40598391/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12217992/
https://jamp.sums.ac.ir/article_47823.html
https://pubmed.ncbi.nlm.nih.gov/34692861/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8521212/
https://www.emerald.com/omj/article/19/4/126/318938/Class-size-student-behaviors-and-educational
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0307382
https://pubmed.ncbi.nlm.nih.gov/39356707/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11446460/
https://www.sciencedirect.com/science/article/pii/S000169182400516X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/39647452/
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2024.1349835/full
https://pubmed.ncbi.nlm.nih.gov/38510305/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10951395/
https://games.jmir.org/2022/2/e30464
https://pubmed.ncbi.nlm.nih.gov/35377333/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9016507/
https://www.sciencedirect.com/science/article/pii/S1355030624000261?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/38735664/
https://journals.sagepub.com/doi/10.1177/00986283221085908
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2024.1360574/full
https://pubmed.ncbi.nlm.nih.gov/38659670/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11040080/
https://soeonline.american.edu/blog/benefits-of-virtual-reality-in-education/
https://soeonline.american.edu/blog/benefits-of-virtual-reality-in-education/
https://sdme.kmu.ac.ir/

Ivone J. et al.

Records identified through database
searching: PubMed (n = 543)

=1
o
5 Google Scholar (n = 345)
=)
=
]
=
Total records identified for screening
(n = 888)
o
|
[=1
8
3
w
Full-text articles assessed for
eligibility (n = 38)
iy
)
20
=
o Studies included in final
3 synthesis (n = 9)
o)
|

Paper excluded by title and abstract
based on duplicates and irrelevance
(n = 850)

Full-text excluded based upon inclusion
and exclusion criteria (n = 29)
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Table 1. Summary of Studies Included in This Review

Study Author
(Year)

Lu et al. (2023)
(12)

Ganfornina et
al. (2023) (13)

Anderson et al.
(2023) (14)

Hennekes et al.
(2021) (15)

Bawazeer et al.
(2023) (17)

Roberts et al.
(2024) (16)

Subbiramaniyan
etal. (2021) (18)
Su et al. (2023)
(19)

Keba et al.
(2024) (20)

10

Method

Student-centered flipped classroom
compared to traditional teaching class in
physiology education

Flipped classroom compared to standard
teaching group in neurophysiology
learning, focusing on students’ intrinsic
motivation and performance

Flipped classroom during the COVID-19
pandemic in teaching Clinical Physiology
1 and 2. The lesson was delivered online,
hybrid, or in person, and the exam scores
were compared between groups.
The PEGASUS Games (Physical Exam,
Gross Anatomy, Physiology
and UltraSound Games) for preclinical
medical education
A cross sectional study on students’
engagement using interactive polls
(Kahoot, Mentimeter, Blackboard) in
teaching physiology, pathology, and
pharmacology during COVID-19
Pandemic
Codenames board game for the
physiology classroom, requiring,
at minimum, a simple list of
vocabulary terms
A meme-based approach for enhancing
student engagement and learning in
renal physiology
Effectiveness of the “Hand as Foot”
teaching method using a randomized
controlled trial in human
physiology education
Using Word Cloud with Mentimeter as
a formative assessment classroom
technique in physiology
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Participants

131
27 year medical
students

891 (standard)
vs. 962 (flipped)
27 year medical

students

45
27 year medical
students

20
1%t year medical
students

184
3" and 4" year
medical
students

74
1%t year medical
students

280
2" year medical
students
84
health
management
students
150
1* year medical
students

Findings

This research showed that students’ usual
performance and final exam scores in the flipped
classroom were significantly higher than those in the
traditional teaching class.

This study compared the final grades between the
standard teaching group and the flipped classroom
group. The flipped classroom teaching method group
reports a significant increase in final exam scores.
Furthermore, flipped classrooms have shown a benefit
in creating a positive perception and understanding.
Students who received a hybrid modality flipped
classroom during the COVID-19 pandemic were
associated with lower

€xam Scores.

This research compared the learning outcomes of the
game group and the non-game group after learning
neck and thyroid material. The game group showed

better performance than the non-game group.
This research demonstrates the impact
of using interactive polls on increasing student
engagement by creating an enjoyable learning
atmosphere.

The study’s findings reveal that participating in this

activity increased students’ active involvement and

encouraged them to engage in high-level integrative
thinking, irrespective of their grade level.

This research indicates that memes can enhance
student engagement by increasing enjoyment in
learning and simplifying complex concepts.
The “Hand as Foot” teaching method demonstrated
strengths in engaging students and aiding
comprehension.

The word cloud provides formative evaluation and
helps monitor student understanding in the
classroom.
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