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T
eachers establish prerequisites that students must meet before they are permitted

to enter their courses. It is expected that having these prerequisites will provide

students with the knowledge and skills they will need to successfully learn the

course content. Also, the material that the students are expected to have previously

learned need not be included in a course. We wanted to determine how accurate

instructors’ understanding of their students background knowledge actually was. To do

this, we wrote a set of multiple-choice questions that could be used to test students’

knowledge of concepts deemed to be essential for learning respiratory physiology.

Instructors then selected 10 of these questions to be used as a prerequisite knowledge

test. The instructors also predicted the performance they expected from the students on

each of the questions they had selected. The resulting tests were administered in the first

week of each of seven courses. The results of this study demonstrate that instructors are

poor judges of what beginning students know. Instructors tended to both underestimate

and overestimate students’ knowledge by large margins on individual questions.

Although on the average they tended to underestimate students’ factual knowledge, they

overestimated the students’ abilities to apply this knowledge. Hence, the validity of

decisions that instructors make, predicated on the basis of their students having the

prerequisite knowledge that they expect, is open to question.
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College catalogs include in the description of each
course a list of prerequisite experiences that the
instructors think will provide students with the
knowledge and skills that are needed to learn the
course content. Instructors decide what is prerequi-
site to their courses through experience. They inquire
about the content and the objectives of possible

prerequisite courses at their own institutions. They
have regular contact with students coming from other
institutions (high schools and community colleges),
and they determine what these students usually
know. They were once students themselves and
may have taken the same or similar preparatory
courses.
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However, prerequisite courses may or may not have
included some of the material that instructors expect
incoming students to have learned. If this is the case,
having completed these courses may not have pre-
pared students as expected. Also, because criteria for
grading vary, having passed a prerequisite course does
not necessarily define what students know; the vari-
ous instructors who teach those courses may have
quite different expectations for their students. Some
teachers expect little more than that their students
memorize the course content. Others expect their
students to be able to apply that content, and they
provide opportunities for their students to learn to do
so. Material that has been rote memorized tends to be
mentally compartmentalized and is more difficult to
recall and use than material that has been integrated
into tested, well-structured mental models (3, 6, 7).
Thus students may or may not be able to effectively
use memorized material as an aid to learning addi-
tional or more advanced concepts and relationships or
to apply that material to tasks of higher cognitive
order (1). Given that instructors decide about prereq-
uisites to admit only qualified students into their
courses, how well do they really know what informa-
tion and skills these students actually have? What do
they know about their ability to apply this knowledge?
Given the importance of this information in the
planning and delivery of courses, it seems important
to us to learn how accurate instructors’ conception of
their students’ knowledge is. That was the main
objective of this study.

METHODS

Briefly, physiology instructors from 11 institutions
identified concepts that were agreed to be essential
prerequisites for learning respiratory physiology. Mul-
tiple-choice questions were then written to test stu-
dents’ knowledge of these concepts. The instructors
of 7 courses each selected 10 questions and predicted
how well their students would do on each of these
questions. The resulting tests were administered to
beginning students, and faculty predictions and stu-
dent performance were compared.

The list of the concepts prerequisite for learning
respiratory physiology, the area of our current empha-
sis, was developed in consultation with 11 physiology
teachers at different institutions. A set of multiple-
choice examination questions based on these con-

cepts was written to be used to assess students’
knowledge of this material. These questions were of
two types: those that tested recall of factual knowl-
edge (fact-based) and those that required knowledge
to be manipulated in some way to answer the question
(application-based). The questions were further subdi-
vided into four disciplinary areas: physics, chemistry,
biology, and mathematics. All of the questions were
sent to the 11 instructors for review, modification, and
comment. The APPENDIX includes a few of these ques-
tions.

The set of questions acceptable to all 11 instructors
was then sent to the 5 teachers whose students’
prerequisite knowledge was to be evaluated [1 instruc-
tor taught 3 courses (Table 1)]. The teachers selected
5 fact-based questions and 5 application-based ques-
tions to make up a 10-question prerequisite knowl-
edge examination appropriate for their classes. In that
way 7 individualized exams were generated. The
instructors felt that the questions they selected evalu-
ated concepts that were important to the learning of
respiratory physiology as it was taught in their courses.
Finally, the instructors predicted the average score
(within a 5-point range) that they expected their
students would achieve on each of the 10 questions.

The prerequisite knowledge examinations (as part of a
larger survey) were administered during the first week
of the courses. These undergraduate courses were
taught at three state research universities, one liberal
arts college, and one community college.

TABLE 1
Characteristics of the instructors who participated

in the study

Major Field
Highest
Degree

No. of Years
Teaching

No. of Years
Teaching

This Course
Course

Physiology PhD 30 24 A
Physiology PhD 25 5 B

12 C
3 D

Physiology PhD 30 9 E
Physiology PhD 4 4 F
Physiology PhD 13 12 G

The same instructor teaches courses B–D.
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RESULTS

Question selection. Instructors were free to select
any 5 fact-based and any 5 application-based questions
from the 10-question set. The only constraint was that
the questions should relate to and contain material
thought to be prerequisite to learning their course
content in respiratory physiology. The courses that
these students would be taking varied considerably in
depth. They ranged from an introductory course on
the human body for non-biology majors to courses in
physiology for advanced biology majors (see Table 2).
Little was expected from the lowest level students
beyond what they would have learned in high school
science. The more advanced students were expected
to have had several college level courses. However,
understanding the facts and concepts of respiratory
physiology requires a background in all of the sci-
ences and mathematics represented in our question
set. Hence, one could expect any combination of
questions to have been selected for use in testing
these students’ prerequisite knowledge. The distribu-
tion, by discipline, of questions actually selected and
used is shown in Table 3. More physics questions
were chosen than questions in any of the other
disciplines, whereas fewer mathematics questions
were used.

Faculty expectations. Instructors might have cho-
sen only questions that contained material that they
expected their students to know well. However, they
did not do this. The average instructor-predicted
student performances on individual course examina-

tions are shown in Table 4. The faculty predicted that
student performance on individual questions would
range from 12.5 to 97.5%. The combination of ques-
tions selected was expected to produce an examina-
tion of average performance in individual courses
ranging from 41.0 to 69.5% (Table 4). It was expected
that students would do better on the fact-based
questions than on the application-based questions in
four cases (Table 4, positive values of F 2 A). In the
other three cases instructors expected that the fact-
based questions would be harder than the application-
based questions (Table 4, negative values of F 2 A).
On the average, the predicted performance on fact-
based questions was 62.7% (610.3 SD), and the mean
expected performance on application-based ques-
tions was 58.2% (613.9 SD). The average difference
was 4.5% and was not statistically significant (2-tailed
t-test).

Student performance. A total of 801 students en-
rolled in 7 courses were tested in this study. The

TABLE 2
Characteristics of the courses taught in the study

Course Year
No. of

Students
Major,
Y/N

Prerequisites Description

A 3rd/4th 30 Y Introductory Biology
General Chemistry

Vertebrate and Human Physiology

B 3rd/4th 48 N Introductory Biology (2 semesters)
Chemistry (6 hours)

Physiology for Prenursing/Allied Health

C 3rd/4th 65 Y Physiology (1 semester) Upper division course for biology majors
D Any 162 N None Non-majors course
E 2nd 100 N Introductory Biology Human Physiology
F 1st 121 N Anatomy and Physiology I Human Anatomy and Physiology II
G 2nd 275 1⁄2 Y Biological Science

General Chemistry
Physiology Lecture

Physiology lab/discussion

TABLE 3
Disciplines of questions chosen for prerequisite

examinations with number of questions of each discipline
broken down by type

Discipline

Physics Chemistry Biology Math

Fact-based 10 7 11 6
Application-based 20 6 4 4

Total 30 13 15 10
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course enrollments ranged from a high of 275 stu-
dents to a low of 30 students (see Table 2).

The mean student performances on individual course
prerequisite exams are shown in Table 5. Average
scores ranged from 42.5 to 66% on individual examina-
tions with the mean overall student performance
being 55.3%. Overall mean student performance on
fact-based questions was 65.3% (69.3 SD) and on
application-based questions was 45.5% (610.2 SD).
The difference between the means of student perfor-

mance on the two types of questions was 19.8%
(612.3 SD). This difference is statistically significant
(P , 0.003, 2-tailed t-test), indicating that students do
less well on questions that require higher order
mental processing than on questions that require
simple recall. In fact, on every examination, on the
average, the students scored better on the fact-based
questions than they did on the application-based
questions.

Student performance versus faculty predictions.
Figure 1 combines the data in Tables 4 and 5 and is a
graph of the average faculty-predicted student perfor-
mance on fact-based questions and on application-
based questions versus the average student perfor-
mance. Exactly correct faculty prediction of student
performance would lie on the central solid diagonal
line. The other two lines in Fig. 1 lie 5% above and 5%
below the ideal line. We considered that 65% repre-
sented an acceptable range of error for faculty predic-
tions of student performance. Any points lying be-
tween these two lines are within this acceptable error.
Points above the 15% line represent excessive under-
predictions of student performance by the faculty.
Points below the 25% line represent excessive over-
predictions of student performance. In no course did
predictions of performance on fact-based questions
fall within the acceptable error range. On the average,
the faculty of five courses underpredicted student
performance on fact-based questions and overpre-
dicted student performance in two cases. On applica-
tion-based questions the instructors of three courses
acceptably predicted their students’ performance.
The teachers of the other four courses overpredicted
their students’ performance on this question type.
The mean student performance on fact-based ques-
tions exceeded faculty predictions by only 2.6% (not
significant, P 5 0.64, 2-tailed t-test), but the mean
student performance on application-based questions
was less than faculty predictions by more than 10%
(P 5 0.056, 2-tailed t-test).

A part of the instructors’ prediction errors seems to be
related to the disciplinary area of the questions. Table
6 shows the fraction of the questions of each type and
discipline in which the students’ performance was
underpredicted by the faculty. Student performance
was overpredicted on the remaining questions. Predic-
tions of performance on fact-based questions were

TABLE 4
Faculty predictions of student performance

Course F A Average F 2 A

A 58.1 72.0 65.8 213.9
B 76.5 60.5 68.5 16.0
C 61.5 77.5 69.5 216.0
D 49.5 52.5* 50.8 23.0
E 69.0 50.0 59.5 19.0
F 49.5 32.5 41 17.0
G 74.5 62.5 68.5 12.0

Mean 62.7 58.2 60.5 4.5
SD 10.3 13.9 10.1 4.9

Instructors predicted their students’ performance on prerequisite
examinations. Mean predictions for fact-based (F) and application-
based (A) questions used in examination for each course are shown.
F 2 A, arithmetic difference between predicted scores on the 2
types of questions. Positive values indicate that an instructor
expected students to score better on fact-based questions than on
application-based questions. *There are only 4 questions in this
group.

TABLE 5
Student performance on prerequisite exam questions

Course F A Average F 2 A

A 67.5 57.3 61.8 10.2
B 52.5 32.5 42.5 20.0
C 79.1 52.9 66 26.2
D 57.5 57.1* 57.3 0.4
E 77.4 48.4 62.9 29.0
F 59.1 34.6 46.8 24.5
G 64.1 35.6 49.9 28.5

Mean 65.3 45.5 55.3 19.8
SD 9.3 10.2 8.3 12.3

Average scores achieved by students in each course on fact-based
(F) and on application-based (A) questions are shown. F 2 A,
arithmetic difference between scores on the 2 types of questions.
Positive values indicate that students did better on fact-based
questions than on application-based questions. *There are only 4
questions in this group.
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fairly evenly split between under- and overpredictions
in all disciplines (i.e., about one-half of the predictions
were underpredicted). However, the faculty underpre-
dicted the students’ performance on very few of the
application-based physics questions (2/20), the pre-
dominant discipline of application-based questions.

Instead, the faculty of four of the seven courses
overpredicted student performance on this class of
questions.

There was actually a much greater disparity between
faculty predictions and student performances than the
averages in Fig. 1 imply. This is seen when prediction
and performance on individual questions are com-
pared. Figure 2 shows the difference between faculty
prediction and the student performance on individual
application-based questions. These are the questions
whose means lie within the acceptable limits in Fig. 1
(courses D–F). The difference between prediction and
performance for each question is plotted at the mean
of the faculty prediction for the group. The range of
faculty prediction error on individual questions is very
large, even though the averages lie within an accept-
able tolerance in these three examples. Wide differ-
ence between faculty prediction and student perfor-
mance on individual questions was present among all
of the course faculty for both fact-based and applica-
tion-based questions. When viewed on an individual
question basis, the average prediction error (%pre-
dicted 2 %performance) was 18.9% (614.04% SD) for
fact-based questions and 24.35% (616.78% SD) for
application-based questions. The difference between
fact- and application-based questions is not statistically
significant.

DISCUSSION

An instructor’s primary function is to provide students
with appropriate educational experiences to enable
them to achieve the course’s learning goals. When
students learn they add new facts, concepts, and skills
to the knowledge and abilities they had when they
entered the course. Students must also correct miscon-
ceptions that they have about prerequisite material
and about concepts they learn in the course (4). In
fact, instructors specifically state in the catalog descrip-
tions of their courses what background experiences
are considered to be essential for student ‘‘success.’’
Instructors then exclude from their courses the mate-
rial that they think the students already know.

The present study was an attempt to determine the
accuracy of instructors’ presumption of their stu-
dents’ mastery of prerequisite material in seven courses
with quite different prerequisite expectations (Table
2, prerequisites). The subject area that was considered

FIG. 1.
Mean instructor predictions (%) are plotted against mean
student performance (%) on fact-based (F) and application-
based (A) questions in various course prerequisite exams.
Average values of F and A questions are plotted for examina-
tion in each of courses A–G. Solid line is the ideal line (i.e.,
instructor prediction 5 student performance); dashed lines
define an arbitrarily chosen range of acceptable prediction
error, where the upper line defines predictions that are 5%
above student performance and the lower line defines predic-
tions that are 5% below performance. Points lying above the
upper diagonal represent underprediction of student perfor-
mance by the instructor, and points lying below the lower
diagonal show instructors’ overprediction of student perfor-
mance.

TABLE 6
Distribution of instructor-underpredicted questions

by discipline

Discipline

Physics Chemistry Biology Math Total

Fact-based 06/10 03/07 06/11 03/06 18/34
Application-based 02/20 03/06 03/04 03/04 11/33

Total 08/30 06/13 09/15 06/10

Instructors both under- and overpredicted students’ performances
on prerequisite examinations. This table shows the fraction of
questions that were underpredicted (no. underpredicted/total no.
of questions).
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was respiratory physiology. All of the instructors
participated in defining essential concepts for learning
the material in this academic area and in writing
questions that could be used to test students’ knowl-
edge of these prerequisite concepts. They selected
specific questions to be used to determine whether
students entering their courses had this prerequisite
knowledge.

Physics questions dominated the instructors’ choices
(43%) (Table 3). This is not surprising, because many
of the mechanisms of respiratory physiology are
physical in nature (e.g., flow of liquids and gases,
diffusion of gases in gases and liquids, pressure-
volume relationships of gases, and tissue compliance).
The dominance of physics questions was overwhelm-
ing in the application-based questions (58%), but less
so in the choice of fact-based questions (29%).

On the other hand, mathematics questions, both
fact-based and application-based, were clearly in the
minority of those chosen to test concepts (15%
overall). These questions dealt with the extraction of
information from and the interpretation of informa-
tion in graphs and tables. We do not know why

instructors did not select more mathematics ques-
tions. Students need to have the skills that these
questions evaluate to interpret relationships and con-
cepts in respiratory physiology, whether encountered
in the textbook or in the classroom.

The prerequisite knowledge tests were administered
in the first week of the courses after the instructors
predicted how well their students would do on each
question. These predictions were based on the instruc-
tors’ previous experience in teaching these courses,
which ranged from 4 to 24 years (Table 1).

Each test was composed of five fact-based and five
application-based questions. Application-based ques-
tions require some kind of mental manipulation of
facts and therefore might be expected to be more
difficult for students to answer correctly than fact-
based questions. However, in some cases instructors
thought that their students would be less likely to
correctly answer some fact-based questions than some
of the inherently more difficult application-based ques-
tions (Table 4). On the average, however, instructors
predicted that the students would score slightly better
overall on the fact-based questions. The average predic-
tion was that scores on fact-based questions would
exceed performance on application-based questions
by just 4.5 percentage points. However, the perfor-
mance was substantially better on fact-based ques-
tions than on application-based ones (Table 5).

The instructors expected that the questions they
selected would present a wide range of difficulty for
their students, and they did. Average student perfor-
mance on individual questions ranged from 4.2 to
93.9% correct with a mean of 55.3% (68.3 SD).
However, a unique set of questions was selected to
make up each course exam. Hence, it is impossible to
compare the prerequisite knowledge of students across
sites.

On the average, instructors tended to slightly underes-
timate their students’ factual knowledge, but they
more seriously overestimated their students’ ability to
apply factual knowledge to answer questions that
required higher order processing (application-based
questions; see Fig. 1). Poorer performance on applica-

FIG. 2.
Difference between instructor predictions and student per-
formance on individual questions that make up application-
based question means for courses D–F in Fig. 1. Instructor
error, the value of %prediction 2 %performance, for each
question is plotted at the value of instructor mean predicted
performance.
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tion-based questions probably relates to the kind of
educational experiences students have had in the
past. Frequently, teachers stress the learning of facts
but provide little time or experiences for their stu-
dents to become proficient in applying concepts and
in problem-solving. This fact-based emphasis is re-
flected in the kind of examination questions that are
used in many courses. Few questions in those course
examinations evaluate higher order learning (1, 2).

Looking in another way at instructors’ predictions of
student knowledge, one sees that the instructors as
frequently underpredicted as overpredicted student
performance on fact-based questions (Table 6). How-
ever, all but one of the instructors overpredicted
student performance on application-based physics
questions, the class of question most frequently se-
lected for use by instructors. It is not clear what the
source of this difference might be.

When comparing instructors’ predictions with stu-
dents’ performance on a question-by-questions basis,
one sees a great deal of variability. Faculty prediction
errors on individual questions covered a wide range.
The difference between prediction and performance
on individual questions was as great as 640% even
when the average faculty prediction of students’
performance was within acceptable limits (i.e., 5%)
(Fig. 2).

In conclusion, despite considerable experience with
the student population entering their courses (Table
1), instructors do not have an accurate understanding
of the knowledge base and capabilities of these
students. Students know more of some things and less
of others than the instructors expect. Generally, the
teachers’ estimate of students’ factual knowledge is
better than their assessment of the students’ abilities
to apply these facts to solve problems. However, if
application skills are a better estimate of true under-
standing, as many educators think, faculty assump-
tions about what students know are an inadequate
guide for planning courses. If the faculty’s role is to
help students build appropriate mental models of
physiological systems so that they can solve
physiological problems, the faculty must design course
activities so as to build on existing student knowledge

(5). However, if instructors lack critical information
about students’ knowledge base, their ability to do
this is seriously compromised.

Performance on prerequisite examinations would sug-
gest that students are not as well prepared to study
respiratory physiology as the instructors assume. They
scored 65.3% on fact-based questions and only 45.5%
on application-based questions. If these questions
tested knowledge that was needed to enable the
learning of the concepts contained in the courses,
students should have had great difficulty in succeed-
ing. However, our study did not specifically correlate
prerequisite exam performance with performance on
respiratory questions in course examinations. There-
fore, we cannot determine whether a lack of prerequi-
site knowledge made it difficult for students to learn
respiratory physiology. Additional studies should now
be done to test this correlation. Furthermore, al-
though the vast majority of students passed these
classes, respiratory physiology was only a small part of
the courses’ subject matter. It may be that students
learned the prerequisite material that they originally
seemed to lack in the courses or from other sources
(perhaps a textbook) while the courses were in
progress. Another possibility is that at the end of the
courses students still had not acquired the knowledge
that was tested in the prerequisite examinations but
that the course examinations did not, in fact, ad-
equately test students’ understanding of this material
or of the respiratory concepts that are dependent on
it (2).

APPENDIX

Sample Fact-Based Questions

1) The diffusion of solute (dissolved molecules) in a solution:
a) results only from the thermal motion of solvent particles
b) separates solute particles into regions of different concen-

tration
c) increases in speed as the molecular weight of the solute

increases
p d) increases in speed as the temperature of the solution

increases
e) all of the statements are correct
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2) Measured amounts of CaCl2 and Na2HPO4 were dissolved in
water and allowed to equilibrate. The following reaction
occurred in the solution:

CaCl2 1 Na2HPO4t CaHPO41 2NaCl

Which of the following would decrease the amount of CaHPO4

in the solution?
a) adding CaCl2
b) adding Na2HPO4

c) removing CaCl2
d) adding NaCl

p e) c or d
3) Suppose that water was poured into a beaker containing a salt

solution. This would:
a) reduce both the quantity of salt in the beaker and its

concentration
p b) not affect the quantity of salt in the beaker but would

reduce its concentration
c) affect neither the quantity of salt in the beaker or its

concentration
d) not affect the quantity of salt in the beaker but would

increase its concentration
e) increase both the quantity of salt in the beaker and its

concentration
4) A resting subject is a participant in a metabolic study. She has

not eaten overnight. Which of the statements below is correct?
The subject:
a) will be consuming no oxygen because she is not taking in

food
b) will be producing no carbon dioxide because she is not

oxidizing food
c) will be producing no heat because she is at rest
d) will have a constant body weight because she is neither

taking in nor using food
p e) none of the statements is correct

Sample Application-Based Questions

1) A beaker is divided in two by an impermeable partition. Water
is poured into one compartment (W) and a sugar solution is
poured into the other compartment (S). The partition is then
removed without disturbing the fluid in either compartment.

After a VERY long time:
a) all of the sugar would still be in S
b) all of the sugar will have moved to W

p c) the sugar concentration in W and S will be the same
d) the sugar concentration would first equilibrate, and then

more sugar would move from S to W than from W to S
e) the sugar concentration would first equilibrate, and then

some sugar would move back to S
2) The figure below shows the relationship between lung volume

(ordinate) and the pressure difference between the interior and
the exterior of the lungs (DP, abscissa). The change in lung
volume from A to B is the same as from B to C. The compliance
of the lung (the volume change that is caused by a unit change
in DP):

p a) is greater from A to B than from B to C
b) must be the same from A to B as from B to C since they are

equal volume changes
c) is less from A to B than from B to C because structures get

stiffer as they are stretched
d) is independent of lung volume
e) depends only on the pressure inside of the lungs

3) Which of the following statements is (are) consistent with the
data in the table below?
a) The PO2 of moist inspired air increases with increasing

altitude.
p b) The alveolar PO2 decreases as the inspired PO2 decreases.

c) The pulmonary artery pressure decreases as the altitude
increases.

Some respiratory data from residents of different cities

Location
Altitude,

ft

Barometric
Pressure,

mmHg

PO2

Moist
Inspired,
mmHg

Alveolar*
PO2,

mmHg

Pulmonary
Artery

Pressure,
mmHg

Boston, MA 0 760 148 103 13
Lima, Peru 500 752 147 102 14
Denver, CO 5,250 625 121 80 16
Mexico City, Mexico 7,400 580 111 81 15
Lapaz, Bolivia 12,150 485 92 59 23
Morococha, Peru 14,900 445 83 50 28
Chacaltoy, Bolivia 17,100 398 73 39 36

*Smallest air sacs in the lung.
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d) The pulmonary artery pressure decreases as the alveolar
PO2 decreases.

e) All of the statements are consistent with the data.
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