
Supplemental Table S2. Questions and possible answers (with the correct answers 

underlined) used in the formative assessments of the active methodology. 
Formative assessment 1 Formative assessment 2 Formative assessment 3 

1) The figure shows the excitation-

contraction coupling in a cardiac 

muscle cell. Considering the plateau 

action potential in this cell, it is 

correct to state that: 

a) The plateau action potential occurs 

due to opening of the potassium and 

sodium channels during the 

depolarization phase. 

b) The plateau action potential enables 

very rapid cardiac contraction and, in 

the case of physical exercise, for 

example, the contractions can be 

summed, and the heart can pump 

more blood to the organism. 

c) The plateau action potential is longer, 

compared to that in skeletal muscle, 

which ensures that each cell can only 

be depolarized again after its 

relaxation. 

d) The plateau action potential in cardiac 

cells prevents the 4 cardiac cavities 

(atria and ventricles) from contracting 

simultaneously. 

1) Regarding the action potential of the 

pacemaker cells and the muscle cells of the 

walls of the atria and ventricles, analyze the 

figures and select the correct answer: 

 

a) Fig. A shows the plateau action potential of non-

specialized cells (the plateau occurs due to 

simultaneous opening of the sodium and 

calcium channels). Fig. B shows the action 

potential of the pacemaker cells, where 

initiation of depolarization is due to the entry of 

calcium through channels that open 

spontaneously, followed by opening of the 

potassium channels. 

b) Fig. A shows the plateau action potential of non-

specialized cells, where the plateau occurs due 

to the simultaneous opening of potassium and 

calcium channels. Fig. B shows the action 

potential of the pacemaker cells, where the 

initiation of depolarization occurs due to the 

entry of sodium through channels that open 

spontaneously, followed by the opening of 

calcium channels. 

c) Fig. B shows the plateau action potential of non-

specialized cells, where the plateau occurs due 

to simultaneous opening of the potassium and 

calcium channels. Fig. A shows the action 

potential of the pacemaker cells, where the 

initiation of depolarization occurs due to the 

entry of sodium through channels that open 

spontaneously, followed by opening of the 

calcium channels. 

d) Fig. B shows the plateau action potential of non-

specialized cells, where the plateau occurs due 

to simultaneous opening of the sodium and 

calcium channels. Fig. A shows the action 

potential of the pacemaker cells, where the 

initiation of depolarization occurs due to the 

entry of calcium through channels that open 

spontaneously, followed by opening of the 

potassium channels. 

1) It is necessary to release 

norepinephrine in the cardiac 

tissue, by means of the 

sympathetic fibers, so that the 

pacemaker cells can initiate 

action potentials. 

 

a) True 

b) False 

2) Considering the characteristics of the 

cardiac muscle, the structures that 

enable the cardiac, atrial, or 

ventricular cells to depolarize 

simultaneously, as if they were a 

single structure, are: 

 

a) Pacemaker cells 

b) Aortic and pulmonary valves 

c) Purkinje fibers 

d) Gap junctions 

e) Papillary muscles 

2) In skeletal muscle, tetany occurs, which is the 

sum of contractions. However, this does not occur 

in the cardiac muscle. Considering this difference 

between the skeletal and cardiac muscles, 

indicate T for the true statements and F for the 

false statements, correcting them: 

( T ) The refractory period of the cardiac muscle is 

long, and the refractory period of the skeletal muscle 

is short. 

2) Conduction of the electrical 

stimulus in the heart: 

a) Occurs rapidly from the 

pacemaker cells to the atrial cells, 

through the bundle of His. 

b) Is delayed in the atrioventricular 

node, so that the atria can 

completely fill with blood, before 

contracting to send blood to the 

ventricles. 

c) Occurs very rapidly in the 

ventricles, by means of the  bundle 



( T ) Depolarization in the cardiac muscle presents 

the plateau phase, where the Ca2+ and K+ channels 

are opened simultaneously. 

( F ) In skeletal muscle, the action potential is 

simultaneous to contraction, while in cardiac 

muscle, the action potential occurs before 

contraction. (In skeletal muscle, the action potential 

occurs before contraction, while in cardiac muscle, 

the action potential occurs simultaneously with 

contraction). 

( T ) The skeletal muscle cell can depolarize again at 

the end of repolarization, while it is still contracted, 

but the cardiac muscle cell can only depolarize after 

repolarization and relaxation. 

of His, Purkinje fibers, and gap 

junctions. 

d) Is not influenced by the 

autonomic nervous system. 

3) It is necessary to release 

norepinephrine in the cardiac tissue, by 

means of the sympathetic fibers, in 

order for the pacemaker cells to initiate 

action potentials. 

 

a) True 

b) False 

3) Considering the sequence of events of the 

cardiac cycle and the special characteristics of the 

heart that enable the continuous and efficient 

pumping of blood, analyze the statements below 

and indicate T for true and F for false, correcting 

the false statements. 

( F ) In the heart, the blood that returns from the 

organism arrives at the left atrium, while the 

oxygenated blood that returns from the lungs arrives 

at the right atrium. (The blood that returns from the 

organism arrives at the right atrium, while the 

oxygenated blood that returns from the lungs arrives 

at the left atrium).     

( F ) The release of norepinephrine  in the sinoatrial 

node, by means of the sympathetic fibers, is required 

for the pacemaker cells to initiate action potentials. 

(Pacemaker cells have autonomous activity and 

initiate action potentials without the need for 

stimulation).   

( F ) During the cardiac cycle, blood is  only 

transported to the ventricles after filling and 

contraction of the atria. (It is not necessary for the 

atria to fill and contract in order to initiate filling of 

the ventricles). 

( T ) The delay of the action potential in the 

atrioventricular node enables complete filling of the 

ventricles with blood, before they contract.  

( F ) When the electrical stimulus reaches the 

ventricular cells, they contract rapidly and 

simultaneously, due to closing of the gap junctions 

(due to the presence of gap junctions). 

( T ) During ventricular systole, the aortic and 

pulmonary valves open and blood is transported 

from the ventricles to the arteries. 

( F ) The atrioventricular valves close during 

ventricular diastole, avoiding return of the blood to 

the atria. (In diastole, these valves open, allowing the 

passage of blood from the atria to the ventricles OR 

these valves close during ventricular systole). 

3) Considering the characteristics 

of the cardiac muscle, the 

structures that allow the atrial 

or ventricular cardiac cells to 

depolarize simultaneously, as if 

they were a single structure, 

are: 

a) Pacemaker cells 

b) Aortic and pulmonary valves  

c) Purkinje fibers 

d) Gap junctions  

e) Papillary muscles 



( F ) The sounds heard when we listen to the heart 

are called heart sounds, with the first one 

corresponding to contraction of the atria and the 

second one corresponding to contraction of the 

ventricles. (These sounds are caused by closing of 

the heart valves, with the first one being associated 

with closing of the atrioventricular valves and the 

second one with closing of the pulmonary and aortic 

valves). 

( T ) Norepinephrine increases the  heartbeat 

frequency (positive chronotropic effect), while 

acetylcholine decreases it (negative chronotropic 

effect), due to their actions in pacemaker cells and 

cardiac conduction fibers. 

4) Conduction of the electrical stimulus 

in the heart: 

a) Occurs rapidly from the pacemaker 

cells to the atrial cells, by means of the 

bundle of His. 

b) Is delayed in the atrioventricular node, 

so that the atria can fill completely 

with blood, before contracting to 

deliver blood to the ventricles. 

c) Occurs very rapidly in the ventricles, 

by means of the Purkinje fibers and 

gap junctions. 

d) Is not influenced by the autonomic 

nervous system. 

 
4) During the cardiac cycle, 

blood is transported to the 

ventricles only after atrial 

contraction. 

 

a) True 

b) False 

 

5) Concerning the action potential of the 

pacemaker cells and the muscle cells 

that compose the walls of the atria and 

ventricles, analyze the figures below, 

and select the correct statement. 

 

a) Fig. B shows the plateau action 

potential of non-specialized cells (the 

plateau occurs due to simultaneous 

opening of potassium and calcium 

channels). Fig. A shows the action 

potential of the pacemaker cells (the 

initiation of depolarization occurs due 

to the entry of sodium through 

channels that open spontaneously, 

followed by the opening of calcium 

channels).  

b) Fig. B shows the plateau action 

potential of non-specialized cells (the 

plateau occurs due to simultaneous 

opening of sodium and calcium 

channels). Fig. A shows the action 

potential of the pacemaker cells (the 

initiation of depolarization occurs due 

to the entry of calcium through 

 
5) The sounds heard when 

listening to the heart are 

called cardiac sounds. 

Regarding these sounds, it is 

correct to state that: 

 

a) The first cardiac sound 

corresponds to the sound of 

venous blood entering the right 

atrium and arterial blood entering 

the left atrium. 

b) The first cardiac sound 

corresponds to the sound of the 

atrioventricular valves opening, 

while the second cardiac sound 

corresponds to the sound of the 

aortic and pulmonary valves 

opening. 

c) The first cardiac sound 

corresponds to the sound of blood 

entering the aortic artery, while 

the second cardiac sound 

corresponds to the sound of blood 

entering the pulmonary artery. 

d) The first cardiac sound 

corresponds to the sound of the 

atrioventricular valves closing, 

while the second cardiac sound 

corresponds to the sound of the  

aortic and pulmonary valves 

closing. 

e) The first heart sound corresponds 

to atrial muscle contraction (atrial 

systole), while the second sound 



channels that open spontaneously, 

followed by the opening of potassium 

channels).  

c) Fig. A shows the plateau action 

potential of non-specialized cells (the 

plateau occurs due to the 

simultaneous opening of potassium 

and calcium channels). Fig. B shows 

the action potential of the pacemaker 

cells (the initiation of depolarization 

occurs due to the entry of sodium 

through channels that open 

spontaneously, followed by the 

opening of calcium channels).   

d) Fig. A shows the plateau action 

potential of non-specialized cells (the 

plateau occurs due to the 

simultaneous opening of sodium and 

calcium channels). Fig. B shows the 

action potential of the pacemaker cells 

(the initiation of depolarization occurs 

due to the entry of calcium through 

channels that open spontaneously, 

followed by the opening of potassium 

channels). 

 

corresponds to contraction of the 

ventricular muscle (ventricular 

systole). 

 

 

 

 

 

 

 

 

  
6. Explain what fibrillation is and 

why ventricular fibrillation is 

more serious than atrial 

fibrillation. 

Fibrillation is a disorganization in 

transmission of the action potential 

through the cardiac cells. 

Ventricular fibrillation is more 

serious, because the ventricle cells 

need to contract in a synchronized 

way, so that blood is ejected 

through the arteries. Atrial 

fibrillation is less severe, because 

80% of the blood that arrives at the 

atrium passes into the ventricle 

without atrial contraction. 

 

 

 


