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Abstract

Active learning and practices are strongly encouraged or made mandatory by local, national, and European organizations.
Therefore, we set up an interactive practical classroom, engaging all of the attending students of the year (n ¼ 47). Each student
was assigned a physiological role (marked on a cardboard sign) in the following events: stimulation on motoneuron dendrites,
sodium ions (Naþ ) influx and potassium ions (Kþ ) efflux, action potentials onset and saltatory conduction along the axon, acetyl-
choline (ACh) neurotransmitter exocytosis following Ca2þ influx, ACh binding to postsynaptic membrane receptors, ACh-esterase
action, excitatory postsynaptic potential, release of Ca2þ from the sarcoplasmic reticulum, mechanism of muscular contraction
and relaxation, and rigor mortis. A sketch was drawn with colored chalks on the ground outside the room: the motoneuron with
its dendrites, cell body, initial segment, myelinated axon, and synaptic bouton; the postsynaptic plasma membrane of the muscle
fiber; and the sarcoplasmic reticulum. Students each had their own role and were asked to position themselves and move,
accordingly. This resulted in a complete, dynamic, and fluid representation being performed. The evaluation of the effectiveness
of the students’ learning was limited at this pilot stage. However, positive feedback was received in the self-evaluation reports
that were written by students on the physiological meaning of their own role, as well as in the satisfaction questionnaires
requested by the University. The rate of students who successfully passed the written exam and the rate of correct answers that
included the specific topics addressed in this practice were reported.

NEW & NOTEWORTHY We set up an interactive practical classroom, engaging all the attending students of the year (n ¼ 47).
Each student was assigned a physiological role marked on a cardboard sign, starting from motoneuron stimulation up to skeletal
muscle contraction and relaxation. Students were asked to actively reproduce physiological events, positioning themselves and
moving around and onto drawings on the ground (motoneuron, synapsis, sarcoplasmic reticulum, etc.). Finally, a complete,
dynamic, and fluid representation was performed.
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INTRODUCTION

The European System of Evaluation of Veterinary Training
(ESEVT) standards strongly encourage practice and active
learning, so that “the number of hours of practical (non-clini-
cal) training” is the ESEVT indicator “I4” (1). The internal regu-
lation of the degree course in veterinary medicine of the
University of Camerino (Italy) outlines that 20% of the hours
in physiology teaching courses should be dedicated to practi-
cal activity. Many activities, such as laboratory practice,
require setting up numerous small groups of students, which
can result in an excessive workload for teachers. Shortages of
staff and resources can limit the implementation of interactive
sessions, and practices that involve large groups of students
should be considered, as long as an acceptable level of teach-
ing effectiveness is maintained throughout. It should be
underlined that the effectiveness of active learning in improv-
ing student performance is widely recognized (2, 3). When stu-
dents engage in both mental and physical activities, they are

obliged to reflect on ideas and how they are using those ideas,
to think about the real action mechanism of the process,
and to then put it into practice. This improves thememorizing
process and subsequently leads to long-lasting, meaningful
learning (2, 3). Traditional passively observed classroom dem-
onstrations have no significant effect on the improvement of
students’ understanding and learning, while active student
engagement has been proven to be very effective (4). A more
interactive and collaborative course format provides higher
learning gains and better conceptual understanding (5). Active
student participation in the lesson and more direct interac-
tions with teachers could also help break down the barriers
that come between them (6). Moreover, as a result of the years
of pandemic and lockdowns, during which practical didactic
activities were suspended, the desire and need of the students
to socialize were easily perceived. Socialization can focus on
the organization and specific tasks or roles in groups: socializa-
tion-related learning is the learning associated with becoming
a functioningmember of a culture (7).
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Thus the aim of the work outlined in this report was to set
up an interactive practical classroom, at no extra cost, which
would engage a large group of students and would address
the learning goals of the physiology course that are tradition-
ally considered to be complex and that cause difficulty in
understanding (8). We developed an interactive classroom,
inspired by Meeking and Hoehn (9). In that very effective
illumination article, the mechanism of skeletal muscle
contraction was actively represented by students which
mimicked troponin-tropomyosin interaction, functions
of calcium, and cross bridges. In the same year 2002,
Goodman and Waller (10) reported that the instructor
finely demonstrated propagation of action potentials in
myelinated versus unmyelinated neurons, by leaping or
walking, respectively. The use of common objects (a fluo-
rescent stretchy ball sold as a “Halloween wig,” a pipe insu-
lation, and a garden hose, as demonstrated in “garage
demos”) has been reported to illustrate fundamental proc-
esses of cell biology, such as dynamic features of exocytosis
(6). We thought to extend those representations, starting
upstream from motoneuron stimulation. The following steps
were represented: stimulation on motoneuron dendrites, so-
dium ions (Naþ ) influx and potassium ions (Kþ ) efflux, action
potentials onset and saltatory conduction along the axon, ace-
tylcholine (ACh) neurotransmitter exocytosis following Ca2þ

influx, ACh binding to postsynaptic membrane receptors,
ACh-esterase action, excitatory postsynaptic potential, release
of Ca2þ from the sarcoplasmic reticulum,mechanism ofmus-
cular contraction [the latter as described by Meeking and
Hoehn (9)] and relaxation, and rigormortis.

METHODS

A sketch was painted with colored chalks on the ground
outside the room: the motoneuron with its dendrites, cell
body, initial segment, myelinated axon, and synaptic bou-
ton; the postsynaptic plasma membrane of the muscle fiber;
and the sarcoplasmic reticulum (Fig. 1). All attending stu-
dents from the lessons during the year were involved in a
single session (Fig. 2A), which lasted�2 h.

Each student randomly received one of the roles listed in
Fig. 3 (as shown in Fig.2A), marked on a cardboard sign. The
topics had been previously approached during the tradi-
tional classroom lectures, as it is essential to cover the
related subjects and concepts before doing the practical ac-
tivity. Students were not aware in advance of the format of
the activity. At first, when they received the roles, they were
each asked to position themselves and move to the drawing
painted on the ground accordingly, relying on their knowl-
edge, without any further guidance. Therefore, this first part
of the activity also functioned as an ongoing assessment of
students’ learning. Afterward, following verbal directions by
the instructors and discussing each step, students took care
of perfecting and coordinating positions and movements
sequentially, until a complete, dynamic, and fluid represen-
tation was performed (Fig. 2, B–D).

In the following days, students were asked to produce a
brief written report on the physiological meaning of their
own role. The reports were written by groups of students
who had the same role (n ¼ 2–4/group). The reports were
ungraded, since the aim was to use the exercise as a self-

evaluation tool and to deepen the study of the physiological
roles interpreted. The report included a space where com-
ments could be added and the comments section was
optional for all students, except the two who were photogra-
phers/video operators and coordinators. For these students,
it was mandatory to complete the comments section, instead
of referring to the physiological role of a particular subject.

RESULTS

The feedback signals on teaching/learning effectiveness
were taken from empirical tools (not systematic indicators).
The outcomes that could be reported after this first imple-
mentation, i.e., qualitative and descriptive indicators, are
listed below.
1) During and soon after the session, the students verbally

commented on the experience stating that they were
surprised to “learn a lot whilst having a lot of fun.”

2) Among the reports by students who received a physio-
logical role (n ¼ 45), only one group (4 students) pro-
vided optional comments; in particular reported the
following sentence: “We really appreciated this exercise,
since these alternative methods allow a clear visual and
concrete idea of what had been taught in lectures.” The

Figure 1. The sketch was painted on the ground with colored chalk. X
marks the dimensions of a student relative to the size of the diagram
drawn on the ground to show relative scale.
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two students for whom the comments were mandatory,
answered: ‘Watching the entire exercise from the out-
side allowed for a better understanding of the topic in a
much more direct way. Practical activities like this pro-
vide the opportunity to learn in a more dynamic and
enjoyable way, in comparison to the more traditional
learningmethods in the classroom. The active “doing” is
the best way to learn.’

3) The Quality Assessment policy in our University
requires the students, at the end of each semester, to fill
in a (rather detailed) questionnaire for each discipline
and each teacher. More specifically, when asked the
question “are supplementary teaching activities (exer-
cises, tutoring, laboratories, etc. . .) useful to the subject
learning?” The present practice received an average
score of 3.27 (on a 1–4 scale, n¼ 44).

4) After the end of the classroom cycle (1st semester of the
2nd year), the attending students can take the first exam
(written) of “Veterinary Physiology 1.” On the earliest two
dates (about one week and onemonth after the end of the
classroom cycle), 38 students took the exam, and, among
them, 31 passed the exam successfully (82% of the 38 can-
didates, 66% of the 47 students attending the class).

5) Regarding the topics addressed by the present practice,
the related questions of the exams were 7 or 5 (in the first

and the second exam session, respectively), out of the 60
questions on the entire teaching course, which formed
each exam. In the overall exams of all the candidates,
there were 240 questions related to the present practice,
and 206 (86%) of the answers were correct.

Unfortunately, comparisons with previous years of the
scores reported in outcome 5 are not feasible and for those in
outcome 4 are not very reliable: in fact, besides the pandemic,
in the current year, one of the two physiology teachers has
changed, andmoreover, the exammodality has changed from
an oral to written exam. However, in the previous year, of 41
students attending the classroom cycle, 16 (39%) successfully
passed the exam (oral) in the first two sessions (within about 1
mo after the end of the classroom cycle).

DISCUSSION

The main advantage of the current activity is being
able to have the right perception of the overall chrono-
logical and causal sequence of events. It comes at no
extra cost for the faculty and the long-lasting and mean-
ingful learning of the neurophysiology could benefit the
understanding of the subsequent subjects of the veteri-
nary medicine course. Moreover, such practices provide
opportunities to increase student-teacher interactions,

Figure 2. Frames from the execution of the practice. A: students attending the classroom. B: saltatory conduction along the axon. C: ACh binding to its
postsynaptic receptors, Naþ -channel opening, Naþ entry into the sarcoplasm. D: Each ATP-ase transports two Ca ions into the sarcoplasmic reticulum.
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in a positive learning environment. Indeed, the outcomes
evaluated seem to indicate the effectiveness of the
method, although, at this pilot stage, the reliability of the
feedback can only be partial and repetitions are needed
in the future.

Some limitations can already be identified. One flaw could
be the simplification, with the unavoidable risk of superfi-
ciality. For example, the actual quote of ions moving across
the membrane in comparison with the total ones was not
precisely perceived, as well as the differentiation between
ligand-gated or chemically gated ion channels. Moreover,
the number of students who could simultaneously engage in
the activity can be limited by the space available and the
number of teachers who should direct and eventually correct
the actions of each participant.

A potential improvement could include the increase of
space available and the number of participants so that more

subjects could be added to the representation, such as Naþ /Kþ

pumps, ionic channels opening and closing, proteins forming
the SNARE complex, etc. Finally, the activity could be further
developed with the representation of defects in the process
involved in diseases, including the roles of toxins at various
points or sites of drug action.
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REPRESENTATION 
OF ROLE MARKED 

ON THE 
CARDBOARD SIGN 

(FRONT/BACK)

ROLE N of 
marks/students

Na+ Sodium enters and depolarizes the 
motoneuron membrane 2

K+ Potassium efflux and repolarization of 
motoneuron membrane 2

/ Resting/action membrane potential (with 
threshold indicated) of the motoneuron 2

Ca++ Calcium enters in the synaptic terminal, 
unbinds the synaptic vesicles 3

/ Ach
Acetylcholine inside the synaptic vesicles / 

free in the synaptic cleft 4

Synapsin 
As representative of the protein complex 

regulating vesicles’ arrangement and 
exocytosis

4

AchR Ach postsynaptic receptors 4

AchE Acetylcholinesterase 2

Na+ Na+ enters through the sarcoplasm channels 
and induces Excitatory Post Synaptic Potential 2

K+ Repolarization of postsynaptic membrane 2

/ Resting/action membrane potential (with 
threshold indicated) of the sarcoplasm 2

Calsequestrin Binding Ca++ inside the sarcoplasmic 
reticulum 2

Apple*§ Actin. The student’s head was the Troponin C. 
The students forearms formed tropomyosin 4

Banana*§ Myosin cross-bridges 4

ATP / ADP + P§ Held by the same students with bananas 
(actin) (4)

Ca++ From the sarcoplasmic reticulum to the 
troponin 4

ATP transport 
Ca++

ATP-ase transports Ca++ inside the
sarcoplasmic reticulum 2

Figure 3.Marks assigned and physiological
roles performed by students. The number
of students for each role was set for a class
of 45 students. �Held by each student
instead of a cardboard sign. §Following
Meeking and Hoehn (9).
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