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A
pproximately 700 undergraduates studying physiology at community colleges, a

liberal arts college, and universities were surveyed to determine the prevalence

of four misconceptions about respiratory phenomena. A misconception about

the changes in breathing frequency and tidal volume (physiological variables whose

changes can be directly sensed) that result in increased minute ventilation was found to

be present in this population with comparable prevalence (,60%) to that seen in a

previous study (9). Three other misconceptions involving phenomena that cannot be

experienced directly and therefore were most likely learned in some educational setting

were found to be of varying prevalence. Nearly 90% of the students exhibited a

misconception about the relationship between arterial oxygen partial pressure and

hemoglobin saturation. Sixty-six percent of the students believed that increasing alveolar

oxygen partial pressure leads to a decrease in alveolar carbon dioxide partial pressure.

Nearly 33% of the population misunderstood the relationship between metabolism and

ventilation. The possible origins of these respiratory misconceptions are discussed and

suggestions for how to prevent and/or remediate them are proposed.
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When developing a course, instructors work under
the assumption that they know the knowledge state of
the typical entering student. On the basis of that
assumption, they establish the educational objectives,
content, and teaching modalities for the course. In-
structors may recognize that students come to physiol-
ogy with misconceptions because students often ver-
balize them in class or answer exam questions in a
way that reveals faulty thinking. However, it is more

common for instructors to be unaware that students
hold significant misconceptions about the subject
matter (5). Moreover, the prevalence of these miscon-
ceptions in the incoming student population has
seldom been systematically addressed.

Michael (9) showed that a significant misconception
about ventilation exists among a large population of
undergraduate students. Students were asked to pre-
dict the change in tidal volume that would occur
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when an individual is exposed to a common situation
in which minute ventilation increases (e.g., exercise).
They were told that breathing frequency increases in
this situation. Approximately one-half of the nearly
400 students surveyed responded that tidal volume
either decreased or remained unchanged. This is not a
misconception that faculty would expect to find in
this population because both changes in breathing
frequency and tidal volume can be directly sensed by
the individual; one would expect that reflection on
past experience with exercise would lead students to
a correct prediction. This misconception, then, is an
example of an experientially acquired misconception
that is similar, in that regard at least, to many of the
misconceptions about motion (5, 6, 8) and other
physical phenomena (1, 12).

Misconceptions are also known to arise from experi-
ences that students have in the classroom; imprecise
use of language by teachers and students (7, 19),
imprecisely formulated analogies (3), and the ‘‘car-
toon’’ figures found in textbooks (2) can all lead
students to build incorrect mental models of scientific
phenomena.

The primary purpose of this study was to determine
the prevalence of selected misconceptions in respira-
tory physiology that, in our judgment, most likely
resulted from some classroom experience. A second
purpose was to determine the likely causes of the
misconceptions found to be present. To achieve this
objective, we surveyed a large population of under-
graduate students enrolled in a variety of life science
courses that included significant components of physi-
ology.

METHODS

Respiratory Misconceptions Inventory

At a meeting of the authors, a list of ‘‘common’’
misconceptions about respiratory physiology was
compiled. The list was drawn from our previous
experiences interacting with students. Eleven miscon-
ceptions were identified. Statements of these miscon-
ceptions are presented in Table 1.

From the list in Table 1, we chose four misconcep-
tions to serve as the basis of a respiratory physiology

misconceptions inventory. A misconception was cho-
sen for inclusion in the inventory because we thought
it was prevalent and of significant consequence for
learning in our respective student populations or
because it was to be used in assessing the efficacy of
laboratories in helping students to remediate miscon-
ceptions (H. Modell, J. Michael, T. Adamson, J. Gold-
berg, B. Horwitz, D. Bruce, M. Hudson, S. White-
scarver, and S. Williams, unpublished observations).
The four misconceptions chosen deal with 1) tidal
volume (VT) and breathing frequency ( f ) as determi-
nants of minute ventilation, the ‘‘VT/f misconception’’;
2) the relationship between hemoglobin saturation
(Sa) and partial pressure of oxygen in arterial blood
(PO2), the ‘‘Sa/PO2 misconception’’; 3) O2 and CO2

exchange in the lungs, the ‘‘O2/CO2 misconception’’;
and 4) the relationship between metabolism and
ventilation, the ‘‘met/vent misconception.’’

Each item in the inventory has two components. The
prediction component describes an experiment or
disturbance involving the respiratory system and re-
quests the students to predict the change that will
occur in some variable as a result of the perturbation
(see Table 2). Each prediction (correct or incorrect)
then directs the students to a second item that
presents possible ‘‘explanations’’ for their prediction.

TABLE 1
Student misconceptions about respiratory phenomena

1) PIO2
is independent of altitude.

2) Atmospheric pressure is increased at high altitude.
3) Increases in minute ventilation are the result of increased

breathing frequency ( f ) but tidal volume (VT) does not
change or decrease; referred to as the ‘‘VT/f misconcep-
tion.’’

4) The partial pressure of O2 in the blood is determined by
hemoglobin saturation; the ‘‘Sa/PO2 misconception.’’

5) PaO2
and arterial oxygen content are ‘‘equivalent.’’

6) A change in inspired O2 must change alveolar CO2; the
‘‘O2/CO2 misconception.’’

7) The body can ‘‘run out’’ of oxygen.
8) The respiratory system homeostatically regulates ventila-

tion.
9) Each breath is the result of a single action potential in the

nerve(s) to the respiratory muscle(s).
10) Increases in V̇O2 lead to increased ventilation because the

body ‘‘needs’’ more oxygen; the ‘‘met/vent misconcep-
tion.’’

11) The lungs are expanded by increased pressure in the
alveoli.
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Students are asked to choose the explanation that best
fits their prediction (9, 13, 18). The explanations for
misconceptions (shown in Tables 5–8) were also
drawn from our interactions with students learning
respiratory physiology in our courses.

Protocol

The respiratory misconceptions inventory was admin-
istered during the first week of classes (in some cases
on the first day) as part of a larger survey that also
gathered demographic data about the students and
determined the students’ level of knowledge about
topics prerequisite to learning respiratory physiology
(15).

Populations Surveyed

Students enrolled in seven different educational institu-
tions across the country were surveyed. The schools

included two community colleges, a highly selective
small liberal arts college, a small private university,
and three state research universities. The student
populations were equally diverse. These institutions,
the courses involved, and the number of students
involved at each site are described in Table 3. Table 4
provides a capsule description of the students respond-
ing to the survey.

TABLE 2
Respiratory misconceptions survey questions

VT/ f
A classmate is late for the exam and runs up 5 flights of stairs to

the exam room. When she arrives you notice that her
breathing frequency is increased. At the same time you
notice that her depth of breathing (how much air she takes
with each breath) is

a) greater than normal
b) less than normal
c) unchanged
Sa/PO2

Carbon monoxide (CO) binds to hemoglobin much more
strongly than does oxygen. As a result of CO being in the
blood, less oxygen is bound to hemoglobin, and the partial
pressure of oxygen in the blood is

a) increased
b) decreased
c) unchanged
O2/CO2

You begin breathing 100% oxygen through a mask. While you
breathe from the mask the amount of carbon dioxide in your
lungs

a) increases
b) decreases
c) stays the same
Metabolism/ventilation
When the metabolism of the body increases, ventilation will
a) increase
b) decrease
c) remain unchanged

TABLE 3
Undergraduate student populations studied

Type of
Institution

Course Type
No. of

Students

LAC Animal physiology (lecture and lab) 26
SU1 Vertebrate physiology (lecture only) 66

Human body (lecture only) 164
SU2 Elementary physiology (lecture only) 32
CC1 Human anatomy and physiology (lecture

and lab)
45

SU3 Systems physiology (lab only) 147
PU Anatomy and physiology (lecture and lab) 48
CC2 Human anatomy and physiology (lecture

and lab)
145

Introduction to human anatomy and
physiology for nonmajors (lecture and
lab)

39

LAC, liberal arts college; SU1–SU3, state research universities 1–3;
CC1 and CC2, community colleges 1 and 2; PU, private university.

TABLE 4
Some personal characteristics of the student populations

responding to questionnaire

Gender
Female 71%
Male 29%

Age, yr
16–19 19%
20–24 61%
25–29 8%
301 12%

Ethnicity
Native American 1%
Asian 22%
Black 3%
Hispanic 7%
White 62%
Other 5%

Years in college
,1 9%
1–2 31%
3–4 39%
.4 21%
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RESULTS

Prevalence of Misconceptions

The VT/f misconception was present in 56.7% of the
population studied. Across the seven institutions, the
prevalence at individual schools ranged from a low of
31.1% to a high of 69.4%.

The Sa/PO2 misconception was much more common,
with 89.9% of the population demonstrating it. The
variation across the seven institutions was small, from
a low of 82.2% to a high of 100%. This was by far the
most common of the four misconceptions surveyed.

The O2/CO2 exchange misconception was present in
slightly .67.9% of the student population. There was
little difference among schools; the prevalence at
individual schools ranged from 57.7% to 72.3%.

The met-vent misconception was the least common of
the misconceptions surveyed; only 32% of the popula-

tion exhibited it, and the range extended from a low
of 16.7% to a high of 46.2%.

The prevalence of the four misconceptions at each of
the seven institutions is show in Fig. 1 (at two
institutions, state research university 1 and commu-
nity college 2, students in two different courses were
surveyed).

Explanations of Misconceptions

Tables 5–8 show the explanations that were selected
for incorrect predictions (i.e., when a misconception
is present). Each table shows the proportion of
students exhibiting that misconception who chose
those specific explanations. Because of student errors
in selecting the follow-up item to be answered, the
total number of responses listed is smaller than the
total number of students sampled who held the
misconception.

FIG. 1.
Prevalence of each of the four misconceptions among students at each educational institution and in total
population studied. CC1 and CC2, community colleges 1 and 2; PU, private university; SU1–SU3, state
research universities 1–3; LAC, liberal arts college.
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DISCUSSION

The frequency of occurrence of the VT/f misconcep-
tion (involving a phenomenon that all students will
have personally experienced) found in this study is
similar to that already seen in a similar population of
students, and the reasoning that led the present
population to this misconception is also the same (9).
Most students erred by predicting that VT would
decrease. The majority of these students believe that
with increased breathing frequency, there is not
enough time for a deeper breath (Table 5, explana-
tion 1). The next most common explanation is that
minute ventilation, VT 3 f, is held constant (Table 5,
explanation 2). Other common explanations arise
from a faulty understanding of how inspiration is
produced (Table 5, explanations 3–6).

The three other misconceptions surveyed are ones
that are most likely to have arisen from some experi-
ence in a formal or informal educational setting. None
of the phenomena considered can be perceived di-
rectly without sophisticated instrumentation, and they
are not phenomena that are likely to have been
encountered outside of an educational setting.

The misconception about the relationship between
hemoglobin saturation and PO2 (Sa/PO2 misconcep-
tion) was the most prevalent, and in one course every
student exhibited it (see Fig. 1). In the experience of
most teachers of respiratory physiology, this is prob-
ably the least surprising misconception. Students at all
levels have great difficult with the interlocking con-
cepts of gas solubility, the partial pressure of a gas in a
liquid, and the phenomenon of oxygen binding to
hemoglobin. About three times as many students
thought that exposure to CO would decrease arterial
PO2 as those who thought that PO2 would increase.
The most common explanation (Table 6, explanation
8) for predicting that PO2 would decrease may arise
from equating hemoglobin O2 saturation, which de-
creases because of the binding of CO, with arterial
PO2, which therefore must also decrease. The next
most common explanation (Table 6, explanation 7)
appears to arise out of a belief that if the partial
pressure of one gas (CO) increases, then the partial
pressure of the other gas (O2) must decrease. The
most common explanation for the erroneous predic-
tion that PO2 will increase (Table 6, explanation 1)
may arise from a mental model in which the blood in
the pulmonary capillaries is seen as a closed compart-
ment with no connection to the alveolar gas or,
ultimately, to the atmosphere.

The O2/CO2 misconception is the second most preva-
lent misconception. As many students thought that
breathing 100% O2 would increase lung CO2 content
as those who thought that CO2 would decrease. The
most common explanation for erroneously predicting
that CO2 would increase (Table 7, explanation 1) may
arise from the common use of the term ‘‘exchange’’ to
describe the ‘‘function’’ of the respiratory system
(10). Students may assume that this refers to a process
in which each O2 molecule taken up necessarily
causes a CO molecule to be lost to the atmosphere.
This may, in part, arise from a faulty understanding of

TABLE 5
Explanations for VT/f misconception

A classmate is late for the exam and runs up 5 flights of stairs to
the exam room. When she arrives you notice that her
breathing frequency is increased. At the same time you
note that her depth of breathing (how much she takes in
with each breath) is

a) greater than normal (correct prediction)
b) less than normal
c) unchanged

Frequency*
Tidal volume decreased because

1) breathing faster doesn’t allow time to
breathe as deeply

214/367

2) the product of breathing frequency times
the depth of breathing is held constant by
the body

63/367

3) when you breathe faster, you can’t produce
as negative a pressure in your lungs

58/367

4) the body needs to minimize the energy
spent expanding the lungs

32/367

Tidal volume is unchanged because
5) the depth of breathing is always held con-

stant by the nervous system
5/27

6) depth of breathing is only determined by
the anatomy of the lungs and chest wall

5/27

7) since she is breathing faster there is no
need to breathe more deeply

11/27

8) deeper breaths would dilute the oxygen in
her lungs

6/27

*The total number of explanations is less than the number of
misconceptions because of student errors in selecting the follow-up
item to be answered.
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the relationship between O2 uptake and the metabolic
production of CO (Table 7, explanations 1 and 3,
which are equivalent statements, and explanation 7).
It also appears that students believe that increased
alveolar PO2 must result in increased O2 uptake (Table
7, explanations 1 and 3). Another contributor to this
misconception is a common student mental model of
the lungs as a closed system with a fixed volume; if the
volume (or pressure) of one gas increases, then the
volume (or pressure) of the other gas must decrease
(Table 7, explanations 5 and 6).

The relationship between metabolic activity and venti-
lation (the met-vent misconception) was the least
prevalent misconception, although in one class 46% of
the students exhibited it. The most common source of
misconceptions here appears to be student belief that
there is no connection between metabolism and
ventilation (Table 8, explanations 5 and 6). Addition-
ally, students seem to lack knowledge about metabo-

lism (Table 8, explanations 2–5 and 8) and have
misunderstandings about the respiratory controller
(Table 8, explanations 2, 3, and 5).

A common source of prediction errors (resulting in
the appearance of a misconception) is the belief of
many students that essentially all physiological param-
eters are homeostatically regulated and thus are held
more or less constant. It seems likely that the empha-
sis that is placed on homeostasis as a central organiz-
ing principle for physiology is overgeneralized, a
common problem when learning about a new domain
(3, 16).

The significance of teleological reasoning in shaping
students’ thinking about physiology has been noted
often (14, 17). Examination of the reasons selected for
predictions reveals that many students in the popula-
tion studied selected explanations that are clearly
descriptions of teleology (Table 5, explanations 4 and

TABLE 6
Explanations for Sa/PO2 misconception

Carbon monoxide (CO) binds to hemoglobin much more
strongly than does oxygen. As a result of CO being in the
blood, less oxygen is bound to hemoglobin, and the partial
pressure of oxygen in arterial blood is

a) increased
b) decreased
c) unchanged (correct prediction)

Frequency*
PO2 is increased because

1) oxygen is driven from hemoglobin into
blood plasma

70/163

2) the body needs more oxygen in the plasma
to compensate for the presence of CO

48/163

3) respiration is stimulated by the presence of
CO in the blood

25/163

4) the amount of oxygen in the plasma plus
the amount of oxygen bound to hemo-
globin is held constant

20/163

PO2 is decreased because
5) CO reduces metabolism and the body thus

needs less oxygen
8/455

6) CO depresses respiration 47/455
7) the partial pressure of the CO reduces the

partial pressure of the oxygen since the
sum of the two must be a constant

134/455

8) CO displaces oxygen in the blood 266/455

*The total number of explanations is less than the number of
misconceptions because of student errors in selecting the follow-up
item to be answered.

TABLE 7
Explanations selected for O2/CO2 exchange misconception

You begin breathing 100% oxygen through a mask. While you
breathe from the mask the amount of carbon dioxide in
your lungs

a) increases
b) decreases
c) stays the same (correct prediction)

Frequency*
Amount of CO2 increases because

1) increased oxygen uptake leads to increased
carbon dioxide production

134/226

2) more space is available in the lungs for
carbon dioxide

5/226

3) with increased oxygen the body produces
more carbon dioxide

65/226

4) increased oxygen depresses respiration
causing carbon dioxide to build up in the
lungs

22/226

Amount of CO2 decreases because
5) oxygen replaces carbon dioxide in the

lungs
77/243

6) less space is available in the lungs for
carbon dioxide

40/243

7) with increased oxygen the body does not
produce as much carbon dioxide

52/243

8) increased oxygen stimulates respiration
causing carbon dioxide to be blown off

74/243

*The total number of explanations is less than the number of
misconceptions because of student errors in selecting the follow-up
item to be answered.
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7; Table 6, explanation 2; Table 8, explanations 3, 6,
and 8); i.e., ‘‘the body needs more oxygen’’ or ‘‘the
body needs to get rid of the same amount of carbon
dioxide as before.’’ Although such explanations are
troubling to teachers of physiology, it is not clear
whether the students selecting these choices are, in
fact, thinking teleologically or whether they are select-
ing the only language they recognize to explain their
choices (17).

The relative uniformity with which students at quite
different educational institutions (community col-
leges, a small liberal arts college, a small private
university, and three large research universities) ex-
hibit the misconceptions surveyed in this study is
worth noting. The student populations we studied
varied in ethnicity and age (see Table 4) and in their
career goals (unpublished observations). Studies in
other domains have revealed similarly widespread
misconceptions (20).

Potential Sources of Misconceptions

Where do the misconceptions we have detected come
from? Without some understanding of their origin it is,
of course, difficult to know what to do about them.

Experience. It is clear that an individual’s personal
experience can give rise to misconceptions. In the
domain of physics, it is well established that miscon-
ceptions about motion arise from the fact that the real
world does not always appear to behave in a way that
is described by Newton’s Laws (5, 6, 8). A common
perceptual illusion involving the Doppler shift has
been shown to give rise to a misconception (12).
Furthermore, the faulty mental models about motion
that may be present work quite well in the real world.
Thus, even when the accepted scientific model is
learned in the classroom, an incorrect model (miscon-
ception) may continue to be utilized outside of the
classroom. Similarly, Michael (9) has demonstrated
that misconceptions about changes in ventilation arise
from the misperception or the faulty interpretation of
physiology responses that are personally experienced.
It should be kept in mind, however, that experien-
tially based misconceptions may be reinforced by
educational experiences of the types described be-
low.

Language. Another important source of misconcep-
tions is the imprecise use of language by both teachers
and students. Veiga et al. (19) have described the
consequence of teachers’ imprecise use of language in
teaching about heat and temperature; student miscon-
ceptions are reinforced by the very language that they
hear from their teachers. Jacobs (7) has pointed out
that every science discipline uses terms from our
everyday (‘‘lay’’) language that also have a special
definition within the discipline. These terms can
cause great confusion because students think they
know what the terms mean when, in fact, they do not.
An example of such a problem in the domains of
respiratory and cardiovascular physiology is the term
‘‘elasticity.’’ In lay terms, a rubber band is very elastic
and a steel beam is not. However, the meaning of the
term ‘‘elastic’’ in physics is exactly the opposite. Thus
discussions about the elastic recoil of the lungs or
chest wall can result in quite incorrect mental models
of respiratory mechanics, and attempts to substitute

TABLE 8
Explanations selected for metabolism-ventilation

misconception

When the metabolism of the body increases, respiration will
a) increase (correct prediction)
b) decrease
c) remain unchanged

Frequency*
Respiration decreases

1) products of metabolism, such as carbon
dioxide, depress respiration

3/46

2) the nerve or hormonal signal that increases
metabolism depresses respiration

13/46

3) the body doesn’t need as much oxygen
since anaerobic metabolism can occur in
the absence of oxygen

26/46

4) in order for metabolism to increase respira-
tion must decrease

4/46

Respiration is unchanged
5) there is no mechanistic connection

between metabolism and respiration
71/150

6) an increase in respiration is not needed for
metabolism to increase

42/150

7) metabolism is controlled by hormones but
respiration is controlled by nerves

30/150

8) the body’s need for oxygen is determined
by metabolism not respiration

7/150

*The total number of explanations is less than the number of
misconceptions because of student errors in selecting the follow-up
item to be answered.
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the term ‘‘compliance’’ for the term ‘‘elasticity’’ may
not help to dispel the confusion.

Visual representations. The visual representations
of important phenomena that are used in textbooks
and other media such as computer simulations and
animations (21) can also be a source of significant
student misconceptions. For example, the illustra-
tions meant to describe the process of diffusion of
solutes in solution always show the various solute
molecules as large ‘‘objects’’ that occupy appreciable
space and that can clearly interfere with (by colliding)
each other’s movement. Several of the faulty mental
models that lead to the misconceptions observed in
this study seem to arise from a similar mechanism (2).

Analogies. Finally, it is important to recognize that
the use of analogies, particularly common in science
education at all levels (4), can actually result in the
creation of student misconceptions (16). In some
cases the simplified pictorial representations of scien-
tific phenomena referred to above are analogies and
thus potential sources of all of the forms of misconcep-
tions cataloged by Spiro et al. (16).

What can we, as teachers of physiology, learn
from these results? First, we need to recognize that
in spite of our best efforts, it is likely that something
we do or say in the classroom, or include in our
written materials, will contribute to students de-
veloping a misconception about some important physi-
ological phenomenon. We must, therefore, strive for
precision and clarity in our words, use pictorial
representations that communicate only what we seek
to communicate, and use only carefully thought out
analogies as we seek to build our students’ understand-
ing with increasingly complex models.

Having done that, we must be prepared to detect the
misconceptions being used by our students and then
assist them in remediating these faulty models. We
have proposed the creation of an active learning
environment in our classrooms as an approach to
accomplishing both of these goals (10). Providing
students with opportunities to test their mental mod-
els by making predictions and/or solving problems
can provide opportunities for the instructor to detect
misconceptions, while at the same time allowing the

students to prove to themselves that their models lead
to incorrect predictions, the first step in remediating a
misconception (19).
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