ommon Concerns
bout the Force
oncept Inventory

he Force Concept Inventory (FCI) is cur-
rently the most widely used assessment in-
strument of student understanding of me-
chanics.! This 30-item multiple-choice
test has been very valuable to the physics education
community by helping to show that students can
solve common types of quantitative problems without
a basic understanding of the concepts that are in-
volved.? Since the test is so easy and quick to admin-
ister, many physics instructors have given it to their
classes and have been surprised by the low scores of
their students. This has, in part, helped to fuel the
growing interest in physics education research. Al-
though there have been some concerns about how to
interpret FCI scores in terms of relating them to deep-
seated student misconceptions or coherent ideas of
force,? the value of the test for helping to evaluate the
effect of curricular changes is widely accepted. One of
the most useful things about the FCI is that there are
national data available that show test results do de-
pend, to a large degree, on instructional practices and

Charles Henderson

give curricular reformers a scale upon which to meas-
ure their success.

At the University of Minnesota we have been using
the FCI since 1993 to gather data about our introduc-
tory calculus-based physics courses. The University of
Minnesota is in a rather unique position in that we
have been modifying the curriculum of all five sec-
tions of introductory calculus-based physics (rather
than a single experimental section, as is commonly
done at other universities). Because of the large scale
and duration of our reform efforts, we are accountable
to many faculty members and we frequently make use
of FCI scores in describing course outcomes. We find
that faculty members often have questions concerning
the administration and interpretation of the FCI. We
are in a unique position to address many of these
questions since we have an unusually large amount of
student FCI data that come from students who were
all given fairly similar instruction. This paper will ad-
dress the following questions:
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Research Group at the University of Minnesota.

Charles
Henderson

542

Western Michigan University
Kalamazoo, Ml 49008-5252;
Charles.Henderson@wmich.edu

THE PHYSICS TEACHER & Vol. 40, December 2002



1. Can the FCI be used as a placement test?

2. How do we know that students take the FCI seri-
ously when it is not graded?

3. Doesn't giving the FCI as a pre-test influence the
post-test results?

All of the data gathered for this paper are from the
introductory calculus-based physics courses at the
University of Minnesota, and it is important for read-
ers from other institutions to keep in mind that results
obtained in their instructional settings might not be
similar to those presented in this paper (as mentioned
previously, it is well known that FCI scores depend on
instructional practices).

Setting

About 850 students enroll in introductory calcu-
lus-based physics each fall semester at the University
of Minnesota. The goal of our course is to have stu-
dents learn physics by solving problems. We attempt
to accomplish this goal through an instructional prac-
tice known as cooperative group problem solving that
has been described elsewhere.’

Students select one of five lecture sections meeting
at various times during the day. Each lecture section
has between 80 and 250 students. The course follows
a traditional model of three lecture hours, two lab
hours, and one recitation hour each week. The focus
of the lectures varies somewhat with the lecturer; how-
ever, all labs and recitation sessions use cooperative
group problem solving. Each lecturer is responsible
for writing quizzes during the semester, and all five
lecturers collaborate to write a common final exam.

FCI Testing

The first thing that students do during the first lab
session is to take the FCI as a pre-test. The test is of-
fered to all students who come to the first lab. Stu-
dents are told that the test is voluntary and that their
participation in the testing will not affect their course
grade. The post-test has been given on the final exam
(1997 and 1998) or during the last lab session (1999).
When it was given on the final exam, it counted to-
ward the student’s final exam grade. When it was giv-
en in the lab, it was voluntary.

At the end of the semester, students’ pre-test and
post-test scores are matched. Student scores are elimi-
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nated from this study if they left 20% (six questions)
or more of the FCI items blank on either the pre- or
post-test.

There are two versions of the FCI. We began using
the revised 30-item version of the FCI®in 1997. To
avoid possible problems involved with comparing
scores on the original and revised FCI, only scores
from the revised FCI are used in this paper.

Can the FCI Be Used as a Placement
Test?

Some universities have placement tests that physics
students must take in order to decide what level of
physics course would be most appropriate for them.
The goal of giving a placement test is to identify stu-
dents who are very likely to do poorly in a given class
and suggest alternative or supplementary classes for
them to take. A placement test is effective if it is able
to distinguish between students who will do well in
the class and students who will do poorly in the class.

In order to determine whether this is an appropri-
ate role for the FCI in our introductory calculus-based
physics course, we looked at the relationship between
FCI pre-test scores and success in the course. Based
on their final grades, students were put into one of six
grade categories (A, B, C, D, F-I-W, drop), where stu-
dents who fail the class, take an incomplete, or with-
draw are lumped together. In addition to the letter
grades, there were also some students who took the
FCI pre-test but subsequently dropped the course
(dropping is different from withdrawing in that it oc-
curs earlier in the term and there is no record placed
on a student’s transcript). These students who
dropped the course could have done so because they
were doing poorly or for other reasons. For the pur-
poses of interpreting our data, we have assumed that a
student who gets an A, B, or C in the class has been
successful and that a student who getsa D, E I, or W,
or drops the class, has been unsuccessful.

Figure 1 breaks the class into 10 groups based on
the FCI pre-test score. In each FCI pre-test group, the
percentage of students who fall into each of the six
grade categories is shown. As you can see from the
graph, the FCI pre-test can do a reasonable job of pre-
dicting success in the class (almost all students, 94%,
who scored 19 or higher on the pre-test were success-
ful in the class, most getting an A or B), but does not
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Fig. 2. The relationship between each student’s (N = 500)
score on the graded FClI on the fall 1997 final exam and
his/her score on the ungraded FCI at the beginning of winter
1998 (three weeks later). The number of students in each

Fig. 1. Student course performance as a function of FCI pre-
test score. All student pre-test data from fall 1997, fall
1998, and fall 1999 (N = 2178).

do a good job of predicting failure in the class (even in
the lowest FCI pre-test score group, more than 60%
of the students were successful in the class). Regard-
less of what cutoff score might be chosen, if we were
to use the FCI as a placement test, many students
would be inappropriately advised not to take our in-
troductory calculus-based physics course.

How Do We Know that Students Take
the FCI Seriously When It Is Not Graded?

Our FCI pre-tests are always ungraded and some-
times the FCI post-tests are ungraded. Since students
are not penalized for not taking the test seriously, the
question naturally arises as to how meaningful these
test scores are. If we are to treat these ungraded scores
as meaningful, we must determine to what extent an
ungraded FCI test represents a student’s best work.
This question was examined using two different
methods.

Examining student answer patterns for signs of
lack of seriousness

There are several types of student answer patterns
that may indicate that a student is not taking the FCI
seriously. The five types of patterns we looked for
were (1) refusing to take the test; (2) drawing a picture
on the Scantron answer sheet; (3) answering all A’s,
B’s, etc.; (4) leaving six or more blanks; and (5) other

544

group is represented by the dot size.

patterns (such as ABCDE, EDCBA, AAAAA,
BBBBB, etc.) any place in their responses. Table I
shows the percentage of students who fall into each of
these categories based on the conditions under which
the student took the FCI. We might expect to find
differences between the pre-test and the post-test
based on students’ different knowledge, but the chart
shows that for the ungraded pre-test and the ungraded
post-test, the percentage of students in each of these
categories is very similar. The main differences on the
chart depend on the conditions under which the test
was administered — i.e., whether or not it was grad-
ed. To determine the maximum percentage of stu-
dents not taking the test seriously when the FCI is giv-
en ungraded, we found the difference between the
percentages of students in each group when the FCI
was given graded and when it was given ungraded.

Using this method, we can estimate that the maxi-
mum percentage of students who don't take the FCI
seriously when it is ungraded is 2.8%. Thus, the re-
sponse patterns of our students on the FCI indicate
that almost all of them are taking the test seriously.
Further, since it is relatively easy to identify students
who refuse to take the test (0.5%) or leave a lot of
blanks (1.4%), these 1.9% of students can be elimi-
nated from the sample, leaving at most 0.9% of stu-
dents who might have lower scores on ungraded tests
due to lack of seriousness.
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Table 1. Signs of lack of seriousness in student answer patterns on the FCI.

Maximum % of
students not
taking test seri-
Pre-Ungraded Post-Ungraded| Post-Graded ously as a result
of grading option
N = 1856 N =524 N = 1332
1997, 1998, 1999 1999 1997, 1998
Refuses to take test 0.5% 0.5% 0.0% 0.5%
Draws a picture 0.2% 0.2% 0.0% 0.2%
Answers all A’s, B's, etc. 0.0% 0.0% 0.0% 0.0%
Leaves a lot of blanks
(six or more) 1.5% 1.5% 0.1% 1.4%
Other Patterns
ABCDE, EDCBA 0.8% 1.0% 0.5% 0.5%
Six A's, B's, etc. 0.2% 0.2% 0.0% 0.2%
Total 3.2% 3.4% 0.6% 2.8%

Giving the same group of students the FCl twice,
in a graded and ungraded situation, where it is
unlikely that they learned new physics in
between

The students identified in the previous section
were ones who obviously did not take the test serious-
ly. There may, however, be students who, when the
test is ungraded, just don’t bother to think about their
responses as carefully as they would have had the test
been graded. Itis plausible that such a lapse in careful
thought would decrease a student’s test score. We
wanted to find out if this effect exists and, if so, how
large an effect it is.

In the fall of 1997, students took the FCI on the fi-
nal exam of their first quarter of introductory physics.
Three weeks later, during the first week of the second
quarter of physics, in the winter of 1998, students
were asked to take the FCI as an ungraded test during
the first lab session. Since students were done with
their physics course and on winter break during the
intervening three weeks, it is unlikely that they at-
tempted to learn any new physics in between the two
administrations of the test. Figure 2 shows the rela-
tionship between the graded and ungraded tests. As
you can see there is a high correlation (7= 0.88) be-
tween the two sets of scores. Some students had high-
er scores when the test was given ungraded, some stu-
dents had lower scores, and some students received
the same score. There is a line on the graph that
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shows the expected result that a student’s score on
both tests would be the same. Surrounding this line
are two parallel lines representing the 95% confidence
interval of an individual student’s FCI score (4.0
items) as determined by a separate analysis of FCI
scores based on a measurement of the reliability of the
test.” Since most of the data points fall within this
band, it is clear that most of the deviation in test
scores can be attributed to measurement error rather
than to the conditions of testing.

There does, however, appear to be a small effect
due to the conditions of testing. Comparing the aver-
age of each group, we find a difference of about half of
an FCI item between the graded test (21.4 £ 0.2) and
the ungraded test (20.9 = 0.2). This difference is sta-
tistically significant at the 5% level on a matched sam-
ple t-test. This half of an FCI item can then be con-
sidered to be the maximum difference in FCI scores
that can be attributed to lack of seriousness. We think
of this as a maximum since other factors, such as for-
getting material over winter break, might also lead to a
decrease in score on the ungraded test. We don’t con-
sider this potential half-item decrease in the class aver-
age to be of much concern since it is approximately
the same as the statistical uncertainty in the FCI aver-
age for a class of 100 students.®

Combining these two methods of looking for lack
of seriousness on ungraded tests, we can say that there
is strong evidence that almost all of our students take
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Fig. 3. A comparison of FCl post-test scores for groups of stu-
dents who did and did not take the pre-test.

the test seriously when it is not graded and that there
do not appear to be substantial problems in compar-
ing results of graded and ungraded tests.

Doesn’t Giving the FCl as a Pre-Test
Influence the Post-Test Results?

A common concern about giving the FCI as both a
pre-test and a post-test is that students’ post-test
scores might be inflated because students have already
been exposed to the material on the pre-test. There
are a number of possible reasons why this might oc-
cur. By taking the pre-test, for example, students may
be sensitized to certain topics and then pay closer at-
tention to these topics when they come up in the
class. On the other hand, the pre-test is taken very
early in the semester and students have no idea that
they will ever see the same test again. We decided to
see if taking the FCI as a pre-test has any influence on
post-test scores. In two years (1998 and 1999), ap-
proximately one-quarter of the students were not giv-
en the FCl as a pre-test. In 1998 these students were
given a different conceptual test (the TUGK),” and in
1999 these students were not given any conceptual
test. As you can see from Fig. 3, there are no statisti-
cally significant differences in post-test scores between
these two groups. Thus, taking a pre-test does not ap-
pear to bias post-test results.
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Conclusions

Because of the large number of students who take
the FCI each year at the University of Minnesota, we
have been able to address some common concerns
about using the FCI. Data presented have shown that
for students at the University of Minnesota:

1. The FCl is not appropriate for use as a placement
test.1”

2. There is little difference between FCI scores when
the test is given graded versus ungraded.

3. Giving the FCI as a pre-test does not affect the
post-test results.
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Explorations in Physics (EiP): A modular curriculum
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Explorations in Physics units that use computer tools
for data collection, display, and analysis. Strategies
will be discussed for managing workshop-style
classes and mounting student-directed projects, as
will the role of assessment and evaluation. Free
tuition, room, board, and sample curricular materials
will also be provided.
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http//physics.dickinson.edw/EiP.html or contact:
Gail Oliver, Department of Physics and Astronomy,
Dickinson College, Box 1773, Carlisle, PA 17013,
0: 717/245-1845, F: 717/245-1642,

Email: oliver@dickinson.edu

APPLICATION DEADLINE:

February 15, 2003

Funded by the Fund for the Improvement of
Postsecondary Education Grant # P116B000927 as
part of the continuing Workshop Science project.
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