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ABSTRACT

Since physiology is so complex and changes all the time, it is difficult to teach. Over the years, considerable learning about
how students think and learn has developed which steers teachers to adopt more effective teaching techniques and value
student active engagement in the classroom. The method described in this paper is constructed models approach, a student-
centered approach appropriate for teaching physiology. After the physiology lectures and reviewing essential literature, the
students worked in small groups to build relatively low-cost models that allowed them to work on physiology topics. All
through this experience, teaching assistants and instructors regularly supported the groups which ended with each group
making a presentation at the Integrative Physiology Symposium. Students successfully produced 118 physiological-physical
models that clearly displayed how various physiological mechanisms function. The approach allowed students to try
meaningful learning methods that met their individual needs. This method has been proven to make teaching and learning
physiology interesting, reachable and simple, in line with current concerns about using experimental animals and new
standards for training professionals. Encouraging students to take part in building knowledge may help them learn more and
improve their job-related skills.
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INTRODUCTION

It is a difficult undertaking to add new strategies
to medical learning programs [1]. For many years, both
cognitive research and the study of teaching-learning
strategies have allowed educators to find out what works
best in instruction. New research shows that becoming
involved in activities helps improve memory and boost
learning. These studies recommend using a variety of
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channels to provide information, since many suggest that
successful teaching of physiology to students of various
abilities and interests)involves both visual, aural and
physical learning styles [6—11]. There are instructional
methods designed specifically for physiology educators
intending to discuss ethical animal research and to boost
students’ communication, thinking and teamwork abilities
[16, 17]. When studying, models help us to recognize and
handle complex topics by improving how we analyze and
generate solutions. They support students in understanding
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the subject by giving them useful and memorable learning
experiences [8, 19, 12, 2, 3, 14, 18]. Making physiology
lessons more effective has become harder since changes to
ethical rules and school curricula affect how experimental
animals are used. Thus, our institution adopted a course
plan using Problem-Based Learning (PBL) in its
undergraduate program, so Physiology needed to adapt [3,
11, 20, 21]. As manipulative learning does not include
animals and has shown benefits to students [7, 14], it was
chosen as a promising way and formed the foundation of
our teaching method. The article looks at how using
physiological-physical models (PPMs) in the classroom
can help with physiology lessons. Uniquely, in our
approach, students are the focus, actively assembling their
PPMs, rather than being told what to do, as all finished
PPMs are featured during the Symposium on Integrative
Physiology (SIP).

METHODS
Creation of the Teaching and Learning Strategy

The development of this teaching approach drew
from the national health professional curriculum
supplemented by the institution’s undergraduate medical
program policy. Other studies in physiology education
were important sources for building our strategy’s
methodological framework, promoting team projects and
information sharing and helping students move from basics
to applying concepts practically in the field [6, 25]. This
strategy was created using five key ideas: a) requiring no
animals to be harmed in experiments, b) motivating student
involvement, c) allowing students to learn through
meaningful exercises, d) tailoring to different learning
needs and e) preparing students for their future profession.
All semester-long activities were logged systematically by
the physiology instructor and PMs using logs for each
student. At the end of the semester, the records were used
to find evidence of my students absorbing and using the
knowledge taught in IFL [9, 10]. The detailed methodology
is shown in Figure 1 in sequence.

Participants

In all, 512 undergraduate students in Human
Physiology took part in the initiative. To organize the
implementation, a group called Symposium on Integrative
Physiology (SIP) was formed by registering four original
students, who later became PMs from the first cohort after
they were trained in the teaching-learning method. Besides,
the students’ work was also looked at by four guest faculty
members in combination with the physiology instructor.
From 2007 to 2010, no undergraduate human physiology
students in the medical program needed Institutional
Ethical Committee approval for their activities. This was
allowed because every procedure was in line with the
institution’s Pedagogical Policy Plan and requirements for
curriculum.
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A Protocol for Activities

In the beginning, the initiative was carried out in
the classroom by including the teaching-learning method
challenge in Physiology as part of the evaluation. Groups
consisted of between three and five students. All groups
were assigned or invited to pick a subject from the current
module’s physiology so they could choose which part of
physiology to focus on. All throughout the term, each
group spent an average of 16 hours turning their initial
concepts into their final model. The protocol is shown in
Figure 1 and included these steps: Students learned in
lectures and were regularly advised on how to construct
physiological-physical models. We met with instructors,
project managers (PMs) and postgraduate students for two
hours every week (Step 1, Figure 1). For their report, each
group reviewed the relevant literature before explaining the
physiological processes behind their PPM designs. It took
around two hours to complete Step 2 (Figure 1). In PPM
Construction, students built their projects using items that
weren’t from animals and they were able to team up with
different university departments and outside organizations
linked to what they were studying. In parallel, participants
received instruction on using the scientific approach and
making posters for the SIP. After completing the project,
each group handed in a first abstract to the SIP Committee.
Since the models differed in complexity, students needed
from two to twelve hours to finish constructing them (Step
3, Figure 1). During the SIP, teams showed their models to
audiences and talked about physiological ideas for 20 to 30
minutes per group (Step 4, Figure 1).

Looking at the Products Students Make

We created a rubric from 0 to 10 points which
looked at three main features: 1) originality, comparing the
model with existing ones; 2) reproducibility, considering
affordability and whether people can build it; and 3) how
well the model represents physiological ideas. Members
were assessed using the model, what they said during their
presentation, what their posters showed and how they
answered questions from the public (Figure 1). All of the
authors took part in analyzing the data. As determined by
the highest scores at SIP, some models were selected to act
as examples of the topics discussed. Table 1 lists models
chosen by voting and the agreement of all the authors.

RESULTS

Presenting physiological-physical models at the
Symposium on Integrative Physiology (SIP) brought
novelty to the students’ learning through active and total
involvement. The students mentioned that trying different
ideas and techniques before the final model was valuable
for learning more and remembering the information.
Moreover, this approach encouraged students to work
together, as feedback indicated that they had enhanced
skills in teamwork when exploring physiological concepts.
Thanks to the SIP, students could seek academic awards



and find chances to have their research published which
helped keep them interested in the program. Even though
students enjoyed creating the models and giving
presentations, they also realized that all the work pushed
them hard over the semester and could at times be quite
challenging because classes were very close together. It
was tough for participants to fully interact with the student
presentations because the symposium was only three hours
long. Students learned a lot by joining in discussions and
producing models with inexpensive and risk-free materials

together. As they made explanations about their models
and answered questions, students learned to think clearly
and to communicate well. Developing, preparing and
explaining their PPMs helped students learn actively, while
involving them in constant reflection and change to their
models developed their problem-solving and critical
thinking skills. Participating in this extensive process,
students learned more about the body and gained important
attitudes and skills needed in their chosen careers.

Table 1: Central ideas present in responses to the feedback questionnaire and their respective representative

comments

Key Themes

Illustrative Comments

Building PPMs and participating in the
SIP enhanced student learning.

“It’s not just the finished model that educates, but the entire journey students
experience while creating the model...”

The approach promoted essential skills
like collaboration and teamwork.

“l participated in two symposiums. They greatly encourage creativity,
allowing exploration of theoretical content and significantly improving
teamwork abilities.”

PPMs and the SIP provided additional
benefits such as opportunities for
publication.

“Presenting to an audience was very engaging, and as secondary outcomes, I
received an Academic Excellence Award for my two models and potential
publication opportunities.”

Students enjoyed showcasing their models
during the SIP.

“Creating a practical class model is a real challenge. The outcomes are
generally excellent, and the presentation day is highly engaging.”

The PPMs and SIP activities added
considerable workload throughout the
semester.

“These symposiums became quite demanding given the tight schedule of our
course, although the symposium itself was dynamic, interesting, and highly
educational.”

Limited time during the SIP restricted
students from fully viewing other groups’
presentations.

“I studied intensively and learned effectively about my own topic... but I can’t
say the same about the other projects since there was very little time to visit
the other groups’ exhibits.”

Table 2: Students’ activities and their potential effects on the teaching-learning process.

Activities

Potential Impact on the
Teaching-Learning Process

Engaging in discussions with peers and instructors about physiology concepts and the
construction of models.

Deep Meaningful Learning

Constructing models by assembling inexpensive, inert, recycled materials that lack
inherent physiological properties but collectively represent a physiological system or
process.

Formulating and articulating explanations about the physiological topic the model
addresses and how it simulates the process.

Responding to questions posed by fellow students and instructors regarding the model
and the physiological phenomena it demonstrates.

Taking responsibility for designing, preparing, and presenting a physiological-physical
model (PPM) that illustrates a specific physiological mechanism.

Enhanced Active Learning

Participating actively in model construction, project documentation, presentation, and
engaging with other creators during the Symposium on Integrative Physiology (SIP).

Examining and comparing personal attitudes, values, and beliefs about learning when
encountering differing perspectives within group collaborations.

Continuously evaluating and refining ideas and concepts to improve model accuracy or
address operational challenges.

DISCUSSION

Here, a method is described that employs
models to actively teach and strengthen learning in
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medical physiology. The main accomplishment was that
students designed and made PPMs that accurately portray
physiological systems. Since it was an integrated method,



students could easily transfer physiological ideas into
simple daily uses. The complexity of building each
model was connected to both its conceptual design and
the materials used, as shown in Figure 3. Students were
told to use things available around the house, trying to
pick recycled or low-priced supplies. And yet, a few parts
of these projects required the use of batteries or
electronics which increased the difficulty of completing
the projects. Although the level of difficulty varied, it
became clear that students can design and build models
of physiology without help if given suitable
circumstances and so this approach may be valuable in
other education institutions. Under ethical and legal
reasons against animal experimentation, I made most
models from recycled materials that are accessible and
affordable. Fine industrial simulators for teaching
physiology can be purchased, but those in developing
countries may prefer to design their own. Symposium on
Integrative Physiology (SIP) attendees found the PPMs to
capture the main features of each topic well which helped
stimulate group discussions and improve how students
and teachers work together. Because the models were
colorful, animated and made noises or even gave off
smells or tastes, the audience was drawn in and remained
eager to learn, as found in other similar programs. Many
students said they found making Personal Project
Management Processes to be truly helpful in their
learning. The reports from students in the groups showed
that using the protocol helped them acquire knowledge
and build skills. Since students had to invent their own
teaching models, they were encouraged to think in new
ways that were different from the books or texts
available. Students began by collaborating in groups and
kept doing so throughout the program. This agrees with
studies in education which point out that learners benefit
more from cooperative environments. Teachers and
monitors commented that students often handled topics
by themselves in weekly group sessions, showing they
were learning more and thinking more deeply with the
help of their peers. for everyone. Conducting literature
reviews while developing models helped students
memorize more, learn to understand better and improve
their learning skills. Using this method encourages
students to stay interested in physiology and helps them
learn related material which improves their grades. The
results suggest that using a low-cost approach, focusing
on students and adding problem-solving, clear
explanation and group activities forms a helpful and
feasible teaching method. Integrating topics from
different areas into medical education leaves a natural
question: how does this approach fit within busy
physiology timelines? Because the method integrates
various areas, it applies to physiology as well as to
interdisciplinary lessons. Because students participate in
out-of-class activities tied to the course such as the SIP,
the method can be put into practice without adversely
affecting main lessons. Groups worked on their
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modelsmultiple times, suggesting that constructing the
models helps students clarify and improve their
understanding of the organism’s functions. Students
practice active learning in the SIP by working with other
models and learning with conversation. This type of
involvement in learning is supported by research and is
clear in our study as Table 2 demonstrates. In general,
making physiology-related PPMs seems to involve
forming multiple ways of thinking about the topic. In
presenting models, students openly explained and
confirmed what they understood about the body’s
processes. Engaging in hands-on work with the models at
the SIP supported a variety of learning ways and helped
us better remember what we learned. Incorporating
various senses helps the method succeed with students
studying physiology, since using different ways to
present data is most effective for all learners. All of these
results match past studies showing that teaching
physiology through models offers better learning results
than conventional approaches.

CONCLUSION

In conclusion, the teaching-learning
methodology described here demonstrated positive
educational outcomes. This approach has proven to be an
engaging and effective way to enhance the physiology
learning experience. Additionally, the method is both
accessible and relatively straightforward, promoting
meaningful and active learning while accommodating
diverse learning styles simultaneously.When considering
this proposal in its entirety, certain factors merit
attention, as noted in similar implementations [5, 15].
Firstly, physiology student populations are typically
heterogeneous, encompassing a wide range of ages,
cultural backgrounds, and educational experiences.
Consequently, applying this activity protocol at different
institutions may yield varied results. Secondly, our
evaluations were limited to the period during which
activities were conducted; longer-term assessments are
needed to ascertain the durability of the knowledge
gained, a matter our team is currently investigating.
Finally, this teaching approach has not yet been directly
compared to conventional methods. Although existing
literature suggests that learning is enhanced in
environments akin to the one we created, definitive
evidence supporting our method would require
comparative studies evaluating learning outcomes.

Future Directions

Following the successful implementation of this
approach, we plan to broaden its application to other
health sciences disciplines by inviting additional faculty
members to participate regularly. This expansion aims to
establish an integrated symposium encompassing all
biological and biomedical courses at our institution. A
pilot project involving the Nutrition program has already
been conducted in previous semesters. Through this



collaborative effort, we hope to extend the benefits of this graduation. Furthermore, our team is developing an
methodology to more undergraduate health sciences additional feedback instrument to further enhance
programs, fostering shared experiences and collective evaluation processes.

learning that mirror professional teamwork after
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