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It is widely believed that students studying in any discipline come into learning environments with a 
plethora of ideas and/or alternative conceptions about the subject matter. Though some studies have 
done an inventory on some misconceptions, there is not much research that explores students’ 
reasoning and how that may be used as a predictor of their learning and understanding of related 
concepts. The objective of this study was twofold: 1) identify practical nursing students’ conceptions 
on cardiovascular and respiratory systems 2) Explore students’ reasoning when they support their 
conceptions. In this study, 32 Term 1 practical nursing students were surveyed to determine the 
prevalence of 15 misconceptions (conceptual difficulties) about cardiovascular and respiratory 
systems. Students were asked to explain their responses/reasoning. The prevalence of students’ 
misconceptions/conceptions ranged from 28 to 89% for each item. Students’ explanations suggest that 
they use irrelevant evidence to support their reasoning, have isolated ideas and have conceptual 
difficulties about the concepts explored. Some implications of these results to learning, instruction and 
curriculum development are discussed.  
 
Key words: Students’ conceptions, cardiovascular, respiratory, knowledge integration.  

 
 
INTRODUCTION  
  
It is widely believed that students studying any science 
discipline come into learning environments with 
conceptions or alternative conceptions about the subject 
(e.g. Michael, Wenderoth, Modell et al., 2001). Further-
more, students’ prior conception may have an impact on 
their learning and mastery of the concepts (Fisher and 
Moody, 2000; Jenkins, 2006). It is therefore important to 
diagnose students’ alternative frameworks as well as 
understand their prior knowledge in order to create 
learning environments that enable students to build on 
their   prior  knowledge  (e.g.  Fisher  and  Moody,  2000).  

Students’ conceptions also influence their learning hence 
the importance of exploring and identifying some of the 
misconceptions (Ozgur, 2013; Cliff, 2006). In addition, 
science educators theorize that meaningful science 
learning may occur when students build on their prior 
knowledge as they form new knowledge webs (Jenkins, 
2006; Kali, 2006; Linn and Hsi, 2000; Reiss, 2000; 
Sjǿberg and Schreiner 2005). This study seeks to 
examine some of the practical nursing students’ prior 
knowledge and understanding about some biological 
sciences ideas with specific reference to human anatomy  



 

 

 
 
 
 
and physiology concepts. Some tenants of the scaffolded 
knowledge integration framework influenced this study.  
 
 
Scaffolded Knowledge Integration Framework 
 
This study is partially guided by the Scaffolded Know-
ledge Integration Framework (SKI) (Linn, 2000). Linn 
(1995; 2000) and her collaborators proposed the SKI 
framework designed to enhance science teaching and 
enable learners to build on their prior knowledge. With 
the SKI framework, learners build on their prior 
knowledge as they create knew knowledge (Linn and Hsi, 
2000). As indicated by Linn (200), the SKI involves four 
elements namely making thinking visible, making science 
accessible, providing social support and autonomous 
learning. This study explores students’ prior knowledge in 
an effort to inform future instructional strategies that are 
designed to build on what students bring into learning 
environment. The following SKI elements relate to this 
study:  
 
i. Making thinking visible – learners reveal their thinking. 
In this study, learners reveal their thinking through 
explanations of their responses. 
ii. Making science accessible- enable learners to connect 
prior and new information. Students completed the 
survey before interacting with practical nursing curriculum 
material. This means that whatever response and 
explanation students gave, it was related to their prior 
knowledge. The survey questions might have enabled 
learners to reflect on their prior knowledge.  
 
This study explores what students bring into an anatomy 
and physiology learning environment. In this study, 
students are encouraged to make their thinking visible 
(Linn and Hsi, 2000) by explaining their responses to a 
conception survey they completed at the beginning of the 
course. The survey provided the learners with an 
opportunity to connected and reflect on their prior ideas 
and knowledge about some anatomy and physiology 
concepts. Prior knowledge that students bring into 
learning environments may influence their learning 
(Fisher and Moody, 2000).  
 
 
Subject Matter Focus 
 
Human anatomy and physiology is a prerequisite college 
course for students who want to pursue health related 
careers. Having anatomy and physiology as prerequisites 
and required course for nursing students is based on  the  
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understanding that the course provides a relevant 
foundation for learners’ understanding of subsequent 
courses. In other words, students’ understanding about 
human anatomy and physiology concepts may influence 
their comprehension of subsequent concepts in courses 
such as pathophysiology and health assessment. 
Students’ understanding of human anatomy and 
physiology can therefore be a predictor of students’ 
academic success in health program such as practical 
nursing. Participants in this study were practical nursing 
students at a Northern Community College. At the 
college, anatomy and physiology (ANPH) is one of the 
term one courses and it is a prerequisite to other course 
such as pathophysiology. In order to enable students to 
build on their prior knowledge we need to know what they 
know and whether what they know may interfere with 
their learning and development of coherent 
understanding about anatomy and physiology and related 
concepts. This research is not only going to enable us to 
determine what our students bring into the program, but 
also what they end up understanding and not simply 
knowing (e.g. Michael, Wenderoth, Modell et al., 2002).  

Students come into learning environment with vast 
knowledge from both their out-of-school and in-school 
interactions. As pointed out by Fisher and Moody (2000), 
some of the students’ prior knowledge may negatively 
interfere with their learning and understanding of 
scientific concepts. It is important to note that some of the 
students’ conceptions part of the knowledge they believe 
to be true though their conceptions may not match with 
established scientific concepts (Michael, Wenderoth, 
Modell et al., 2002; Perrone, 2007). In this section, 
literature on some students’ conceptions (also known as 
alternative conceptions or misconceptions) that mismatch 
established scientific concepts about cardiovascular and 
respiration systems is discussed. However, though there 
has been significant amount of research about students’ 
misconceptions in science filed such as physics, there 
has not been much research on misconceptions in 
chemistry and biology (e.g. Michael, Wenderoth, Modell 
et al., 2002). Furthermore, there is not much research 
that maps students’ reasoning as a way of trying to 
understand their models in order to enable students to 
build on their prior knowledge and develop understanding 
about scientific concepts.   

Research has shown that a majority of undergraduate 
students have naïve conceptions about human cardio-
vascular system. Misconceptions about cardiovascular 
system were found to be held at various levels of the 
education system. For example, studies have shown 
alternative conceptions held by college students (e.g. 
Micheal, 1998; Sungur, Tekkaya amd Geban, 2001);  and  
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biology teachers (e.g. Yin, 1998). The findings of these 
studies showed that learners have alternative 
conceptions that include concepts related to structure 
and function of blood, heart and blood vessels. In their 
research with more than a thousand undergraduate 
students, Michael et al, (2002) found out that more than 
half of the participants had difficulty in understanding the 
concepts related to cardiovascular system as show by 
their responses to a diagnostic survey administered. 
These authors found out that students had conceptual 
difficult with concepts related to cardiac output, initiation 
and innervations of cardiac muscle contraction, blood 
pressure and vessel resistance. In addition, students 
have naïve conceptions about the relationship between 
the cardiovascular system and other body systems (e.g. 
Reiss et al., 2002).  

In addition, undergraduate students have been found to 
have some misconceptions about respiratory system 
(Cliff, 2006; Michael, Richardson, Rovick et al., 1999). In 
this study, we limit our focus to the overall gaseous 
exchange in the respiratory system. The study will not 
include issues related to cellular respiration. Michael et 
al. (1999) listed some of the misconceptions related to 
respiration that students may have. These include their 
belief that pressure in alveoli cause lungs to expand and 
students’ failure to explain the relationship between tidal 
volume, ventilation and breathing frequency.  

Though there has been a significant amount of 
research that identified students’ alternative frameworks 
or misconceptions, there is a gap in knowledge in regard 
to students’ reasoning. In other words, not much is known 
about students’ explanations to support their responses 
or claims that may be at odds with generally acceptable 
concepts on human anatomy and physiology. This study 
tries to examine students’ reasoning by exploring their 
explanations to their responses where their response is 
at odds with scientific information. Understanding 
students’ reasoning may help in identifying instructional 
strategies that challenge their conception as they form 
novel knowledge networks. This study not only adds to 
the list of common anatomy and physiology 
misconceptions, it also provides insights on students’ 
reasoning and thinking as shown in their explanations.  
 
 
METHODS 

 
Research Context 
 
This study was conducted at Northern Community 
College in the Prairie region in the Western part of 
Canada. The college serves about ten thousand students  

 
 
 
 
through its four city campuses, distance education and 
regional learning centers. The study was contacted at the 
main campus. Students enrolled for the two year diploma 
in Practical Nursing and starting their first semester at the 
college participated in the study.  
 
 
Participants 

 
All face-to-face anatomy and physiology students that 
were enrolled in fall 2012 semester were invited to 
participate in the study. It was made clear to the students 
that their participation was voluntary and that they should 
not feel pressured to participate. 32 students responded 
to the optional pre-conception survey. Of these, 28 were 
female and 4 male participants. Three males had 
bachelor’s degrees and one had a master’s degree. 
Except for one male, the rest were international students 
and had obtained their degrees in their countries of 
origin. 3 males were aged between 21 and 30 years and 
one was over 30 years old. 12 female participants were 
between 15 and 20 years and all had high school 
diplomas. Another 11 females were between 21 and 25 
year old and most had some post-secondary experience 
before enrolling in practical nursing. Four females were 
over 30 years old and had some post-secondary 
experience as well. Post-secondary in this paper refers to 
any course or program that the student undertook after 
high school and before enrolling for practical nursing 
diploma. It is important to note that some post-secondary 
included a certificate as health care aide, a couple of 
university or college courses, under graduate or post 
graduate degree. Though participants had varied 
backgrounds, they had requisite qualifications to succeed 
in the two year diploma program.  
 
 
Conception Survey 

 
The survey/questionnaire had 6 items on gaseous 
exchange and 9 items on cardiovascular system. The 
items were based on literature that identified some 
misconceptions related to these concepts (for example 
Michael, Wenderoth, Modell et al., 2001; Perrone, 2007). 
The gaseous exchange items covered the following 
concepts: gases we breathe in and out, how gases get to 
different parts of the body and the process of breathing 
vs. respiration. The cardiovascular items covered the 
following concepts: representation of diastolic and 
systolic blood pressure, blood circulation to different parts 
of the body and innervation of the heart.  



 

 

 
 
 
 
RESULTS AND DISCUSSION 
 
In learning environment, several factors come into play 
for effective learning and teaching that result in favorable 
outcomes. These include the instructor’s pedagogical 
content knowledge (Shulman, 1986, Mishra and Koehler, 
2006). Students also contribute immensely to the learning 
environment. As pointed out by Bahar (2003) important 
student characteristics include their learning styles, 
motivation, college preparedness and aptitudes amongst 
other factors. In addition, students’ prior knowledge 
influences their knowledge integration. The findings in 
this study highlight some of students’ prior conceptions 
that may influence their learning and understanding of 
cardiovascular and respiratory system.  

The findings highlight some conceptions that practical 
nursing diploma students may bring into learning 
environments. Implications of such conceptions to 
learning and teaching are discussed.  
 
 
Cardiovascular System  
 
Students responded to nine questions that solicited some 
of their prior knowledge about cardiovascular system. 
Table 1 shows the proportion of students who have 
incorrect responses and their explanation. The focus is 
on examining the explanations given by students who 
gave responses that are widely believed to be at odds 
with acceptable scientific concepts.  

Michael et al (2002) found out that the prevalence of 
conceptual and reasoning difficulty in their study 
population ranged from 18.7% to 81 % depending on the 
type of question. In this study, the prevalence ranged 
from 28% to 84 % which was slightly higher compared to 
Michael et al. (200) study.  

84% of students believe that if nerves that innervate the 
heart are cut, the heart will stop beating or continue to 
beat at the same rate. The students’ explanations were 
based on their knowledge of the role of autonomic 
nervous system (ANS) in cardiac muscle contraction 
hence. This may mean that some students confuse how 
the ANS innervates the cardiac cycle and the processes 
or cardiac cycle initiation through the pacemaker. 
Knowing where students are coming from by asking them 
to explain and provide some evidence behind their 
reasoning may enable instructors to help students 
connect the information dots they have and that might 
lead to better understanding of the concepts. 

Closely related to initiation of cardiac cycle is order in 
which the heart chambers contract. 79% of the student 
indicated that the right and left ventricles do not contact  
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at the same time. From their explanations, some students 
believe that blood has to be pumped to the lungs and 
then back to heart and pumped to different parts of the 
body in a sequential manner- they do not realize that both 
atria pump into their respective ventricles at the same 
time. Consequently the process results in both ventricles 
pumping blood out of the heart simultaneously. One of 
the implications to teaching is to try and be more explicit 
on contraction of the chambers of the heart.  

47% of the respondents indicated that blood leaves the 
blood vessels and enter different parts of the body. It was 
surprising that some students supported their claims by 
explaining what happens when a person is injured- they 
were not relating bleeding to injury of the blood vessels.  
 
 
Respiratory System 
 
In this study, (Table 2) 76% of the participants believe 
that the only gas inhaled was oxygen. Students’ 
explanations were centered on the idea that oxygen is 
needed by the body and the students had no reference to 
atmospheric air and partial pressures of the gases. 
Another surprising prevalence was where 73% of 
students indicating that air travel in air vessels to different 
parts of the body. This implies that students fail to link the 
role of the blood circulatory system to gaseous exchange. 
The high prevalence of students’ conceptions has some 
implications to learning and teaching.  
 
 
Implications to Learning and Teaching 
 
It is widely believed that students studying any discipline 
come into learning environments with a plethora of ideas 
and/or alternative conceptions about the subject matter 
(e.g. Fisher and Moody, 2000; Jenkins, 2006). However, 
some of the conceptions students bring into learning 
environments influence their knowledge integration and 
conceptual understanding of the subject matter they are 
expected to comprehend - hence the importance of 
exploring and identifying some of the misconceptions and 
create learning environments that challenge 
misconceptions (Cliff, 2006; Fisher and Moody, 2000; 
Ozgur, 2013;). For students to be able to apply their 
knowledge and skills they need more than simply 
knowing, they need deep conceptual understanding. In 
addition, educators theorize that meaningful learning with 
understanding occurs when students build on their prior 
knowledge as they form new knowledge webs (Jenkins, 
2006; Kali, 2006; Linn and Hsi, 2000; Reiss, 2000; 
Sjǿberg and Schreiner 2005). Hence the need to identify  
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Table 1. Examples of Students’ Explanations to Cardiovascular Prompts. 
 
Question (Percentage of 
incorrect responses)  

Examples of students’ explanations to 
incorrect responses  

Comment 

CVS Q1 (84% had incorrect 
response)  
 
If all of the nerves innervating 
the heart are cut, the heart 
will…. 
 
Expected response: 

Continue beating, but at a 
different rate 

Stop beating because 
Heart beats as a result of electrical pulse 
via nerves, no nerves would mean no 
pulse 
Nerves provide stimulation to muscles to 
contract  
Nerves are important in making heart 
pump blood if cut off the brain will lose 
control of the heart causing it to stop 
immediately 
Nerves carry electrical impulse to the 
heart  
It is controlled by the autonomic nervous 
system 
It causes electrical impulse to cut  

Continue beating at the same rate because 
Nerves are not involved, heart beat is 
involuntary action which is regulated by 
the flow of blood and muscle contraction 

Students failing to distinguish the role of 
autonomic nervous system (ANS) in 
innervating cardiac cycle versus initiation of 
the cycle done by the pacemaker. This has 
implications in teaching- making the concepts 
and relationships more explicit may help 
students have a deeper understanding  

CVS Q2 (41% had incorrect 
response) 
  
When measuring blood 
pressure the top number, 
systolic, represents pressure in 
arteries and the bottom 
number, diastolic, represents 
pressure in the veins  
Expected response: 

False 

True because 
Arteries have higher pressure than the 
veins  
Systolic measures contraction of arteries 
and diastolic measures relaxation of 
veins  

Students are aware that systolic pressure in 
typically higher that diastolic pressure. They 
also know that blood pressure in the veins is 
generally lower than pressure in the arteries. 
However, what 41% of the participants seem 
not to understand was what is measured when 
measuring blood pressure. They do not relate 
blood pressure measurements to ventricular 
contraction and relaxation phases  The 
teaching implication is the need to question 
students what they will be measuring so as to 
help them understand what is represented by 
both systolic and diastolic pressure     

CVS Q3 (47% had incorrect 
response) 
 
When circulating, blood leaves 
the vessels and enter into 
different parts of the body 
Expected response: 

False  

True because 
Especially during bruising incident or 
improper blood transfers 
Heart is the main organ for circulation of 
blood in our body and pumps the blood 
to different parts of body to keep us alive 
The blood travels through the body to 
distributing oxygen 
Enters different parts of the body 

47% of the participants believe that blood 
pumped to different parts of the body actually 
leaves the circulatory system and enters parts 
different parts of the body. Based on their 
explanations, some students to do relate 
wound bleeding to an injured vessel. Hence 
the importance of asking students what it 
means when we say blood is pumped to 
different parts of the body and how that relates 
to issues of diffusion and osmosis.  

CVS Q4 (35% had incorrect 
response) 
  
Arteries and veins never 
reconnect 
Expected response: 

False 

Arteries and veins never reconnect because 
They run side by side 
The veins can contract but the arteries 
do not contract 
Oxygenated and deoxygenated blood do 
not mix 

The students’ explanations to their responses 
may provide some hints about their thinking 
and where instructors need to pay attention 
when teaching cardiovascular system. 35% of 
participants seem not to understand the role of 
blood capillaries 
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Table 1. Contd. 
 

CVS Q5 (79% had incorrect 
response) 
 
If the left ventricle contracts 
now, when would the right 
ventricle contract? 
Expected response: 

They contract at the same time 

Right and left ventricles do not contract at the 
same time because 

The left pumps last as it sends blood 
away from the heart 
After the deoxygenated blood goes to 
the lungs to pick blood, it gets pumped to 
the other ventricle to send blood to 
different parts of the body 

A majority of the participants provided a 
response which shows that they had difficulty 
understanding the ventricular contraction as it 
relates to cardiac cycle 

CVS Q6 (29% had incorrect 
response) 
 
A large blood vessel in the leg 
of a patient is cut in an 
accident, what will happen to 
the blood pressure in that 
vessel? 
Expected response: 

Decrease  

Blood pressure increase or remain the same 
because 

The heart can fill more blood supply 
Shock increases blood pressure 
Circulation is blocked 
Blood loss increase blood pressure 

Almost a third of the participants did not 
understand what happens to the blood 
pressure of an injured blood vessel. Some of 
their explanations show how they were relating 
issues of an individual in a shock and the 
body’s response to an injured blood vessel.  

CVS Q7 (69% had incorrect 
response) 
 
When the heart beats: 
1. the right and left ventricles 

pump about the same 
volume of blood each beat 

2. the right ventricle pumps 
less blood each beat than 
does the left ventricle 

3. the right ventricle pumps 
more blood each beat 
than does the left ventricle 

Expected response: 

the right and left ventricles 
pump about the same volume 
of blood each beat 

All the students who had incorrect responses did 
not explain their answers.  

Though two thirds of the participants had an 
unexpected response, they did not explain 
why. Students indicated that more blood is 
pumped by the right side as compared to the 
left side. This has implication in teaching as it 
is important to help students understand 
issues related to cardiac output and the 
volume of blood to and away from the lungs  

CVS Q8 (28% had incorrect 
response) 
 
What is the color of 
oxygenated blood? 
 
Expected response: 

Red  

Oxygenated blood is blue because 
It is blue in the body but out of the body 
when it is deoxygenated it turns red 
Blue is for oxygenated blood  

The same students who indicated that blue of 
for oxygenated blood gave the same response 
for deoxygenated blood. Maybe they believe 
that the blood is blue. It was challenging to 
understand the their reasoning 

CVS Q9 (64% had incorrect 
response) 
 
What is the color of 
deoxygenated blood? 
Expected response: 

Dark red  

Deoxygenated blood is blue because 
Lack of oxygen causes hemoglobin to be 
inactive 
The oxygen is not attached to iron  

About two thirds of students did not know the 
color of deoxygenated blood as compared to 
about a third who did not know the color of 
oxygenated blood.  
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Table 2. Examples of Students’ Explanations to Respiration Prompts.  
 

Question (Percentage of incorrect 
responses)  

Examples of students’ explanations  Comment  

RS Q1 (76% had incorrect response) 
 
The only gas we breathe in is 
Oxygen 
 
Expected response: False   

The only gas we breath in is Oxygen because 
When we take in air we call it oxygen and when we 
take air out we call it carbon dioxide 
Oxygen is needed by the body in order for us to 
breathe 

Two thirds of the participants 
believe when one if breathing in 
they only take in oxygen. This 
has implication when teaching 
ventilation , gaseous exchange 
and how that relates to partial 
pressure  

RS Q2 (61% had incorrect response) 
 
The only gas we breath out is 
Carbon Dioxide  
 
Expected response: False  
 

The only gas we breath in is carbon dioxide because 
Exchange of air in your body causes us to breathe out 
carbon dioxide  
The oxygen is concerted into carbon dioxide in your 
blood 
We need to breathe carbon dioxide out because if not 
we can be poisoned 
Once the oxygenated blood is used it will become 
deoxygenated and in order to take out carbon dioxide 
out of our system we breathe is out 

This item is related to the one 
on breathing in air. The 
teaching implication is on what 
happens to the air we breathe 
in. Students need to 
understand issues of diffusion 
and partial pressure 

RS Q3 (73% had incorrect response) 
 
Air we inhale travels in air vessels to 
different parts of the body 
 
Expected response: 

False  

The stamen is true that the air travels in air vessels because 
The blood takes the oxygen to other parts of the body 
Air enters the lungs into the alveoli, through capillaries 
and into the blood stream. Is the pump through the body 
by the heart 
It travels through the branches  
It travels from different parts of our body  
Blood circulates the body and distributes nutrients and 
oxygen. For example when exercising our muscles need 
oxygen in order to continue and the blood delivers it 

Almost two thirds of the 
participants believe that air 
travels in air vessels to different 
parts of the body. This implies 
that some students get into the 
program without knowing the 
relationship between 
respiratory and cardiovascular 
systems.  

RS Q4 (59% had incorrect response) 
 
Gas exchange in the respiratory 
system refers to a process in which 
each Oxygen molecule taken up 
causes a Carbon Dioxide molecule 
to be lost to the atmosphere 
Expected response: False  

The statement is true because 
The reaction balances  
We need to breathe carbon dioxide out and inhale 
oxygen in  
It is the main function in the respiratory system, but not 
exclusively  
True- carbon dioxide is made up of two oxygen and 
exhale one carbon and 2 oxygen  

Students who explained their 
responses used their 
‘knowledge’ of chemical 
equations – explained their 
answers as a chemical process 
take in a molecule of oxygen 
and take out a molecule  

RS Q5 (31% had incorrect response) 
 
Oxygen is the source of energy in 
our body 
 
Expected response: False 

The statement is true because 
The oxygen is essential in breathing process 
Oxygen keeps you awake and keeps you alert 
True- it is not the only source of energy (food is also) but 
yes it helps us to do our daily tasks since it allows for 
proper circulation and heart function  

Students might be confusing 
the role of oxygen in anaerobic 
cellular respiration  

RS Q6 (43% had incorrect response) 
  
Respiration is synonymous to 
breathing 
 
Expected response:False  

The statement is true because 
Exchange of carbon dioxide and oxygen in your body 
Using a respirator is like breathing 
In breathing we use our lungs (and) diaphragm it is 
synonymous to respiration because it is a way our body is 
taking air in and out of our body 
True because they mean the same 

The implications to teaching 
calls for being more explicit 
about breathing not being 
synonymous to respiration and 
the relationships between the 
two.   
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students’ prior knowledge and conceptions so as to 
create learning environments that enable knowledge 
integration and conceptual understanding. Fisher and 
Moody (2000) argued that learning environments need to 
do more than just challenging students’ conceptions. 
Learning environments should challenge prior 
conceptions as well as having multiple representations to 
enable learners to (re)construct their knowledge and 
create new webs (e.g. Linn and Hsi, 2000). Having 
leaners explain their thinking may help identify where 
students use irrelevant evidence to support their claims. 
As noted in Tables 1 and 2, students have isolated ideas 
about some anatomy and physiology concepts. Creation 
of learning environments that model the connections may 
enable students to challenge their conceptions and have 
a more robust understanding of the concepts. 
 
 
Recommendations 
 
The findings in this study suggest that a sizeable number 
of practical nurse students bring into learning 
environments some misconception. In-order to make 
science accessible and students’ thinking visible, it is 
important to make an effort in identifying students’ prior 
knowledge and possible create learning environments 
that challenge some of the misconceptions. Being more 
explicit in having students explain their thinking may 
enable them to create new and robust knowledge webs 
as develop deep understanding of the subject matter.  
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