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Our previous research �Kost et al., Phys. Rev. ST Phys. Educ. Res. 5, 010101 �2009�� examined gender
differences in the first-semester, introductory physics class at the University of Colorado at Boulder. We found
that: �1� there were gender differences in several aspects of the course, including conceptual survey perfor-
mance, �2� these differences persisted despite the use of interactive engagement techniques, and �3� the
post-test gender differences could largely be attributed to differences in males’ and females’ prior physics and
math performance and their incoming attitudes and beliefs. In the current study, we continue to characterize
gender differences in our physics courses by examining the second-semester, electricity and magnetism course.
We analyze three factors: student retention from Physics 1 to Physics 2, student performance, and students’
attitudes and beliefs about physics, and find gender differences in all three of these areas. Specifically, females
are less likely to stay in the physics major than males. Despite males and females performing about equally on
the conceptual pretest, we find that females score about 6 percentage points lower than males on the conceptual
post-test. In most semesters, females outperform males on homework and participation, and males outperform
females on exams, resulting in course grades of males and females that are not significantly different. In terms
of students’ attitudes and beliefs, we find that both males and females shift toward less expertlike beliefs over
the course of Physics 2. Shifts are statistically equal for all categories except for the Personal Interest category,
where females have more negative shifts than males. A large fraction of the conceptual post-test gender gap �up
to 60%� can be accounted for by differences in males’ and females’ prior physics and math performance and
their pre-Physics 2 attitudes and beliefs. Taken together, the results of this study suggest that it is an accumu-
lation of small gender differences over time that may be responsible for the large differences that we observe
in physics participation of males and females.
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I. INTRODUCTION AND BACKGROUND

According to a recent National Science Foundation
�2009� report �1�, females now earn over half �55%� of the
bachelor’s degrees and just under half �47%� of the doctoral
degrees awarded in the sciences. Despite reaching parity of
males and females in the sciences overall �and in many in-
dividual disciplines, including biology and chemistry�, fe-
males still earn only 21% of the bachelor’s degrees awarded
in physics. Physics has one of the lowest representations of
females, and is comparable to representation in computer
science and engineering �both 19% female�. These national
trends are reflected at the University of Colorado at Boulder
�CU�, where we see a similar low fraction of females earning
bachelor’s degrees in physics. This under-representation of
females in physics continues to be a cause for concern. In our
previous work �2,3�, we began to address this disparity in
participation by examining gender differences in the first-
semester, calculus-based mechanics course. This course
serves as an introduction to physics and is a critical first step
towards pursuing a physics degree. In prior studies we found
that in our first-semester, introductory mechanics course:

�1� There are gender differences in students’ performance
on conceptual surveys, attitudes and beliefs about physics
and about learning physics, math and physics background,
and high school preparation.

�2� The gender differences in conceptual performance per-
sist from pre- to post-test despite the use of interactive en-
gagement techniques, including Peer Instruction �4� and the

Tutorials in Introductory Physics �5�.
�3� The conceptual post-test gender difference we observe

can largely be accounted for by differences in males’ and
females’ math and physics background and their incoming
attitudes and beliefs about physics.

We argued that the background and preparation of stu-
dents, especially background in conceptual physics, im-
pacted not only how individual students performed in the
course, but also influenced the gender differences that per-
sisted over the semester. In the current study, we continue
our work in characterizing the gender differences we observe
in participation and performance by examining the second-
semester, calculus-based electricity and magnetism �E&M�
course. This course is particularly interesting as fewer stu-
dents �male or female� have significant exposure to the E&M
content before coming to the course. The goal of this work is
to further develop an understanding of gender differences in
participation and performance in physics by identifying gen-
der differences in the second-semester course and determin-
ing whether these differences can be accounted for by back-
ground differences of males and females.

The benefits of using interactive engagement �IE� tech-
niques have been consistently demonstrated �6�. At CU,
classes that use IE techniques have average normalized
learning gains ��g�� �6� on conceptual assessments that range
from 32% to 64%. While it is clear that IE methods improve
student learning gains, it is less apparent that IE techniques
eliminate the gender gap. Some research has suggested that
females may benefit more from an interactive pedagogy than
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males �7,8�, and many of the recommendations made for
increasing the participation of females in physics and in the
sciences �9–11� align with IE techniques. Researchers at Har-
vard University found that a preinstruction gender gap on the
Force Concept Inventory �FCI� �12� was eliminated over the
course of an interactive and engaging introductory physics
course �13�. They went on to claim that because their results
were consistent over five different instructors, the elimina-
tion of the gender gap was not dependent on the instructor,
and was due to the pedagogical strategies that were used in
the class. Despite these encouraging findings, the elimina-
tion, or even reduction, of the gender gap does not appear to
be universal. As stated above, at CU, we find that the gender
gap on the Force and Motion Conceptual Evaluation
�FMCE� �14� persists from pre- to post-test despite the use of
fully interactive engagement techniques �2,3�. At the Univer-
sity of Minnesota, where cooperative problem-solving and
“context-rich” problems �15,16� are used in the introductory
physics course for scientists and engineers, researchers found
that the FCI gender gap also persisted from pre- to post-test
�17�.

At Harvard, Lorenzo, et al.�13� argued that the level of
interactivity in the course affects the differential performance
of males and females, that is, the more interactive a class is,
the smaller the post-course gender difference will be. They
also argued that the reduction of the gender gap is indepen-
dent of the instructor, although we found that the instructor
and the choices that the instructor makes may impact the
gender gap �3�. In addition to the use of interactive tech-
niques and the instructor, there are other contextual factors in
the classroom that can contribute to the gender differences
we observe in the course, such as content covered, student
demographics, climate, or how different activities are
framed. At this point, it is unclear which of these factors are
critical in reducing or eliminating gender disparities. To fur-
ther explore some of the contextual factors that may be key,
in this study we examine in detail the gender differences in
the second-semester, E&M course.

The second-semester introductory physics course is differ-
ent in many ways from the first-semester course. Most ap-
parent are the differences in physics content. The first-
semester course �Physics 1� covers mechanics, including
Newton’s laws, work, energy, momentum, and waves. The
second-semester course �Physics 2� covers electricity and
magnetism, including electric fields, Gauss’s law, circuits,
magnetic fields, and electromagnetic waves. Not only is the
content covered in the two courses different, but student fa-
miliarity with the content also varies between the two
courses. As reported previously �3�, 72% of students in Phys-
ics 1 have taken one year of high school physics, most likely
a mechanics course. Only 14% of students have taken two
years of high school physics, suggesting that only a small
fraction of students may have seen much E&M content in
high school. Another way in which Physics 2 differs from
Physics 1 is in the student population, which will be ad-
dressed in more detail later. Notably, there are fewer non-
science and undeclared majors in Physics 2 than in Physics
1. Though Tutorials are used in both Physics 1 and 2, there
are a greater number of individual tutorials in Physics 2 that
require the use of equipment. Several studies have found

differences in how male and female students engage with lab
equipment �18–20�, and these differences could have more of
an impact on student learning in Physics 2 than in Physics 1.

While there has been a lot of interest in looking at the
performance of males and females in physics, most of the
research studies �13,17,21–23� have focused on the first-
semester, mechanics course. One exception is Meltzer’s
study of a “hidden variable” in electricity and magnetism
conceptual test performance �24�. Meltzer found that while
students’ conceptual pretest scores were not correlated with
their normalized learning gains on the Conceptual Survey in
Electricity �CSE�, students’ preinstruction mathematics skill
was correlated with CSE gains, suggesting that differences in
learning gains between two populations may be due in part
to different incoming math skill, rather than different pretest
scores or abilities to learn physics concepts.

With our present study of gender differences in the E&M
course, we begin to tease apart some of the similarities and
differences between performance in Physics 1 and Physics 2,
and to get a sense of which, if any, contextual factors differ-
entially impact males and females. Using data gathered from
ten semesters of Physics 2 and more than 3500 students, we
explore three gender gaps observed in the second-semester,
E&M course: retention, performance, and attitudes and be-
liefs. We are particularly interested in whether we observe
the same trends in Physics 2 as we saw in Physics 1, even
though the contexts of the two courses are quite different.
This continued exploration of gender differences and their
possible contextual dependencies will inform future inter-
ventions designed to address gender disparities in the class-
room. In this paper, we address the following research ques-
tions:

�1� What fraction of students, and of physics majors spe-
cifically, are retained from Physics 1 to Physics 2? Are there
differences between students who continue in the introduc-
tory sequence and those who do not?

�2� How do the performance, attitudes and beliefs, and
preparation of males and females in the second-semester in-
troductory physics course compare?

�3� To what extent can prior factors help explain or ac-
count for the persistence of the gender gap in the second-
semester class?

In summary, we find no differences in the retention rates
of males and females from Physics 1 to Physics 2 for stu-
dents overall, though there are small differences in retention
rates of male and female physics majors, with males system-
atically more likely to continue and less likely to drop out
than females. The trends we see in terms of male and female
course grades in Physics 2 match those observed in Physics 1
except for some notable cases in which males and females
have significantly different course grades. Despite males and
females having similar E&M conceptual pretest scores at the
beginning of Physics 2, males outperform females at the end
of the semester by about 6 percentage points. This post-test
gender gap can largely be attributed to differences in males’
and females’ prior physics performance �FMCE post-test,
BEMA pretest, and Physics 1 exam grades�, mathematics
standardized test performance, and students’ attitudes and be-
liefs. A multiple-regression model of students’ conceptual
performance suggests these prior factors can account for up
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to 60% of the observed gender differences. Taken all to-
gether, our current study of the second-semester physics
course indicates that there is not one single factor that can
explain the under-representation of females in physics, but it
is rather the building up of small differences between males
and females over time that may be responsible for the large
disparities in participation of males and females in physics.

II. RESEARCH METHODS AND STUDENT
POPULATION

The data in the following studies were collected from ten
offerings �from Fall 2004 to Spring 2009� of the second-
semester calculus-based introductory electricity and magne-
tism �E&M� course at the University of Colorado �CU�.
These are large-enrollment courses that typically have 300–
500 students. All ten classes used interactive engagement
�IE� techniques. Each of the ten classes employed student
discussions around ConcepTests �Peer Instruction� �4� in lec-
ture, online homework systems �25�, and voluntary help-
room sessions on problem-solving homework. In addition,
all ten classes used Tutorials in Introductory Physics �5� and
Learning Assistants �26� during a 1 hr/week recitation. There
is no laboratory associated with this course. A more detailed
description of the course structure can be found in prior work
�27�. In our previous work on the first-semester course, we
categorized courses as IE 1 �partially interactive, no Tutori-
als� or IE 2 �fully interactive, use Tutorials� �2�. All ten
classes in this study are categorized as IE 2. Though we
categorize all of these classes as IE 2, we also recognize that
there are a variety of faculty teaching these classes who have
differing levels of experience and familiarity with the inter-
active engagement methods that are employed. Though the
curriculum looks the same, we know that how the curriculum
is enacted can be very different �28�.

The ten classes included in this study were taught by
seven different instructors �29�. Instructors �and semesters�
will be identified by a letter. When the same instructor taught
this second-semester course multiple times, they will be
identified by a letter followed by a number to indicate the
number of times that they have taught. For instance, the first
time professor A taught this course would be labeled A1, the
second time A2, and so forth. Instructors who only taught the
course once during these ten semesters will be identified by a
letter only. All instructors except one �Professor F� were
male.

The student population in the second-semester introduc-
tory course is about one-quarter female, just as is the case in
Physics 1. Over half of the students are declared engineering
majors and about 20% are other science majors. Only about
8% of the students who are enrolled in the introductory
E&M course are declared physics majors. This is a slightly
different student population than we see in Physics 1. Not
surprisingly, there are fewer nonscience and undeclared ma-
jors in Physics 2 than in Physics 1. Also, a larger fraction of
the students are engineering majors in Physics 2 than in
Physics 1. We also see significant differences in student ma-
jor by gender �p�0.001�, as shown in Table I. Namely, fe-
males are less likely to be engineering majors, and about

twice as likely to be other science majors, which is similar to
trends observed in Physics 1. Unlike in Physics 1, where the
percentage of male and female physics majors were not dif-
ferent �5.6% of males and 5.2% of females�, in Physics 2 a
higher fraction of the male students are physics majors as
compared to female students �9% of males versus 6% of
females�. This difference is significant �p�0.01�. Looking at
student ethnicity, over 80% of the students are white, about
9% are Asian, and less than 10% are African American, His-
panic, or Native American. There are only small differences
in ethnicity by gender. Further, we see no differences be-
tween the ethnicity distributions of students in Physics 2
compared to Physics 1.

Of primary interest in this study is to what degree males
and females differ on measures of background and prepara-
tion and to what degree these differences contribute to the
observed gender gap. Conceptual performance, as measured
by the Brief Electricity and Magnetism Assessment �BEMA�
�30�, serves as the focus of the study. The BEMA post-test
score for each student is used as a measure of the student’s
conceptual understanding of physics at the end of the semes-
ter. Only students with matched pretest and post-test data are
included. In two of the ten semesters the BEMA was not
given to students as a pretest, and was only given at the end
of the semester as a post-test �31�. Though we have post-test
data for these semesters, we do not include them in most of
the analyses in this paper, as we cannot match individual
students’ pre- and post-test scores. In another two of the ten
semesters, the BEMA was only given to half of the students
in the class. We also have excluded these semesters in some
of the analyses in this paper. The number of students with

TABLE I. Frequencies for gender, student declared major, and
ethnicity for all students in the study, that is, students who enrolled
and received a grade in the second-semester introductory physics
course between Fall 2004 and Spring 2009.

Gender �N=3895� %

Male 75.3

Female 24.7

Major �N=3894� % % of males % of females

Physics 8.2 9.0 6.0

Engineering 57.6 60.3 49.1

Other science 21.8 17.6 34.7

Nonscience 5.3 5.0 6.4

Undeclared or other 7.0 8.1 3.9

Ethnicity �N=3662� % % of males % of females

Asian 8.7 7.8 11.6

African American 1.3 1.2 1.4

Hispanic 6.0 6.0 6.0

Native American 0.7 0.7 0.7

White 81.4 82.6 77.7

Foreign 2.0 1.8 2.5
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matched pretest and post-test data from the remaining six
semesters is 1704. Additional evaluation of student perfor-
mance in the course is captured by homework, exam, partici-
pation, and course grades, which were collected from the
instructor in each semester.

Data have been gathered �32� on students’ background
knowledge and their preparation for college physics. Prior
academic performance is captured by students’ high school
grade point average �GPA�, while the BEMA pretest scores
and FMCE post-test scores from the previous term �when
available� are used to measure students’ prior conceptual un-
derstanding of physics. The math portion of the Scholastic
Aptitude Test �SAT-math� and the math portion of the Ameri-
can College Test �ACT-math� were used as measures of stu-
dents’ prior knowledge of mathematics �33�. Scores on each
of the math tests were similarly correlated with the BEMA
post-test �r�0.35� and were also highly correlated �r
=0.71� with each other �for the almost 2000 students who
took both tests�. To get a measure of prior math knowledge
for almost every student and to avoid having multiple vari-
ables that contained the same information, the scores on the
two tests were combined. The scores for each test were first
normalized �converted to z-scores �34��. For students who
took only one of the two tests, the z-score on that test was
used to measure mathematics knowledge. For the smaller
number of students who took both tests, the combined math
score is an average of the z-scores for each test. Student
course preparation for college physics is measured by how
many years of high school physics and calculus a student had
taken. Data were not available on the grade that students
received in their high school courses.

In addition to students’ prior content knowledge, data
were also collected on their attitudes and beliefs about phys-
ics and about learning physics. Attitudes and beliefs are mea-
sured by the Colorado Learning Attitudes about Science Sur-
vey �CLASS� �35�. The CLASS questions are classified into
eight categories of student beliefs. The survey is made up of
42 statements and students respond on a Likert-like scale.
Each response is coded favorable, neutral, or unfavorable
based on whether the response agrees or disagrees with the
expert response. Students are then given a percent favorable
and a percent unfavorable score in each category. Favorable
pretest scores on each category are used as measures of stu-
dents’ incoming beliefs. Favorable post-test scores and shifts
�post–pre� are used as measures of students’ attitudes and
beliefs at the end of the semester and to measure change in
attitudes and beliefs, respectively. The CLASS is adminis-

tered at the beginning and end of Physics 1 and Physics 2.
For those students who took both the pre- and post-CLASS
in Physics 1 and Physics 2, the correlation between the post-
Physics 1 CLASS score and the pre-Physics 2 CLASS score
is 0.73, suggesting that students’ attitudes and beliefs are
fairly stable over the winter and summer breaks. This analy-
sis will primarily use results from the survey administered in
Physics 2.

As discussed in our prior paper �3�, we note that several
assessments used throughout the study only measure student
performance on these instruments—however, we use them as
a proxy measurement of student understanding and actual
attitudes and beliefs upon entry and exit. We recognize that
these instruments may be measuring more, such as test-
taking ability, and may differ by gender. Several studies have
shown that the context of questions and the format of ques-
tions could disadvantage males or females unequally
�36–38�. While these studies question the validity of these
instruments, we note that �a� we are using the standard mea-
sures that have been adopted by the community, and �b� we
are analyzing shifts on these instruments, which allows us to
normalize students against themselves.

The BEMA is administered the first and last weeks of the
semester during recitation, and only those students that at-
tend both weeks take the pre- and post-BEMA. This nonran-
dom sampling could introduce bias into our results. To un-
derstand the bias of our sample we compare students who
did and did not take both the pre- and post-BEMA. Of the
2318 students who took Physics 2 during the semesters in-
cluded in this study �and in the semesters where the BEMA
was offered to all students both pre- and post-instruction�,
1704 students �74%� took both the pre- and post-BEMA.
Comparing the populations that did and did not take both the
pre- and post-BEMA, we find that females were more likely
to take the BEMA than males: 80% of females took the
BEMA, while only 72% of males took the BEMA. The
course grades �on a scale from 0.0 to 4.0� for males and
females in each group are shown in Table II. The average
course grades of students who took the BEMA are higher
than the course grades of students who did not take the
BEMA �p�0.001�. While this is a source of bias, there is no
significant gender gap in course grades for either of the two
groups. By focusing on the BEMA as a measure of learning,
we limit the sample of students included in the analysis and
exclude primarily those with lower course grades. But, the
similarity in gender gaps in course grades for the two groups
suggests that the estimate of the gender differences in con-

TABLE II. Average course grades for males and females who did and did not take the BEMA. Course grades are on a 0.0–4.0 scale.

Males Females Differences

N Mean SD N Mean SD M–F p value

Students without pre- and/or post-BEMA 500 1.93 1.1 114 1.96 1.2 −0.03 0.773

Students with pre- and post-BEMA 1257 2.85 0.8 447 2.80 0.8 0.05 0.307

Differences �BEMA–no BEMA� 0.92 0.84

p value �0.001 �0.001
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ceptual performance provided by the BEMA may be a rea-
sonable estimate of the gender difference for all students.

III. RESULTS: TRACKING STUDENTS FROM PHYSICS 1
TO PHYSICS 2

Before looking at differences between males and females
in the second-semester course, we look at which students
continue from Physics 1 to Physics 2 and whether there are
differences by gender. For this analysis, we only included
students who took Physics 1 between Spring 2004 and
Spring 2008. We find that the majority of students who do
take Physics 2, take it within a year of taking Physics 1. By
only looking through Spring 2008, we ensure that the major-
ity of students included in our analysis will have taken Phys-
ics 2 if they were likely to do so. Figure 1 shows the number
of males and females �physics majors are listed in parenthe-

ses� at each step of the progression from Physics 1 to Physics
2. Of the students who took Physics 1, 37% of both males
and females did not take Physics 2. We see no gender differ-
ence in the percentage of students who do not go on to Phys-
ics 2. Of the students who took Physics 2, about 20% of both
the males and females did not take Physics 1. Looking both
at the number of students who drop out of the introductory
sequence and who join in the sequence after Physics 1, we
find no gender differences.

Next, we concentrate on physics majors, that is, those
students who were declared physics majors the semester that
they took Physics 1 or 2, regardless of whether they re-
mained physics majors until graduation. As we mentioned
above, there is not a significant difference in the percentage
of male and female physics majors who take Physics 1. Also,
there is not a significant difference �p�0.8� in the percent-
age of males and females who were declared physics majors
in Physics 1, but who never took Physics 2, and presumably
changed their major. 25% of female physics majors and 23%
of male physics majors in Physics 1 never took Physics 2.
On the left side of Fig. 1 is information about students who
took Physics 2, but who changed their major between Phys-
ics 1 and Physics 2. Of students that were declared physics
majors in Physics 1, 11% of the females and 7% of the males
changed their major to something other than physics between
Physics 1 and 2 �not a significant gender difference�. Of
students that were not declared physics majors in Physics 1,
0.4% of females and 0.8% of males switched their major to
physics between Physics 1 and Physics 2 �not a significant
gender difference�. These small but consistent gender differ-
ences in the numbers of students who continue through the
introductory sequence result in a significantly smaller per-
centage of females who are physics majors in Physics 2 com-
pared to males. In Physics 2, 6% of the females are physics
majors and 8% of the males are physics majors. Looking at
the trajectories of males and females from Physics 1 to Phys-
ics 2, we see no significant gender differences, but the small,
nonstatistically significant differences combine such that
there is a smaller percentage of females than males who are
physics majors in Physics 2.

We also compare the Physics 1 course grade and FMCE
scores of students who did and did not go on to Physics 2.
These comparisons are found in Table III. We begin by com-
paring students within each gender. Not surprisingly, the stu-
dents who did take Physics 2 have higher course grades in
Physics 1 than the students who did not take Physics 2. The
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FIG. 1. Tracking students through the introductory physics se-
quence. The chart above shows the numbers of males and females
who took Physics 1 �between spring 2004 and spring 2008� and
Physics 2 �between fall 2004 and spring 2009�. The numbers in
parentheses are the number of male and female physics majors
�PHYS� at each step. Males and females are about fractionally
equal at every step of the chart, except in the percentage of physics
majors in Physics 2.

TABLE III. Gender gaps in course grades and FMCE for those students who took Physics 1 but then did and did not take Physics 2. The
differences in the bottom row are �Physics 1 and 2 – Physics 1 only�. The asterisk � �� indicates that the difference is significant at the p
�0.05 level.

Physics 1 course grade FMCE pretest FMCE post-test

M F M–F M F M–F M F M–F

Physics 1 only 2.03 1.90 0.13� 28.1 21.0 7.1� 59.0 48.1 11.1�

Physics 1 and 2 2.83 2.74 0.09� 34.4 23.1 11.3� 69.6 57.0 12.6�

Differences 0.80� 0.84� 6.3� 2.1 10.6� 8.9�
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difference is significant �p�0.05� and about the same for
both males and females. The effect sizes �39� of the differ-
ences are 0.77 for males and 0.81 for females, both relatively
large effect sizes. Having found sizeable differences between
the course grades of students who did and did not take Phys-
ics 2, we now look at FMCE scores, beginning with the
pretest. Males who did take Physics 2 had significantly
higher �p�0.05� FMCE pretest scores than males who did
not take Physics 2. The difference was about 6% �an effect
size of 0.29�. However, the FMCE pretest scores of females
who did and did not take Physics 2 are not significantly
different �p=0.1�. This suggests that despite the two groups
of females being equally �un�prepared for Physics 1 in terms
of incoming conceptual performance, some of the females
continued on in physics while other females did not. It ap-
pears that FMCE pretest score is an indicator of whether
males move on to Physics 2, but it is not an indicator for
females. There are also differences on the FMCE post-test
score for both males and females comparing those who did
and did not take Physics 2. The post-test differences between
those students who only took Physics 1 and those students
who went on to Physics 2 are larger for both males �11%�
and females �9%� than were the pretest differences. The ef-
fect sizes of the post-test differences are 0.38 for males and
0.31 for females.

We now look at the gender differences for students who
do and do not go on to Physics 2. We might expect that for
those students who continued on in the introductory physics
sequence, we would not observe the same gender differences
that we observed for the Physics 1 class as a whole, that is,
the gender differences observed in Physics 1 may be prima-
rily due to those students who drop out of the introductory
sequence by Physics 2. We find that this is not the case in
general. In terms of course grade, the gender difference in
course grade for students who did take Physics 2 is slightly
smaller than the gender difference for the students who did
not take Physics 2. But, the situation is reversed when look-
ing at the FMCE pre- and post-test. The gender gap on the
FMCE pre- and post-test for students who did take Physics 2
is larger than for students who did not take Physics 2. The
gender gap �and its increase from pre- to post-test� persists
even when only looking at this special subpopulation of stu-
dents who continued on to Physics 2.

In addition to looking at performance measures to com-
pare students who do and do not go on to Physics 2, we can
also look at students’ attitudes and beliefs, as measured by

the CLASS instrument. In Table IV we present the CLASS
pre- and post-test scores for males and females who did and
did not take Physics 2. These data are collected at the begin-
ning and end of Physics 1. As with prior studies, we observe
an overall negative shift in student attitudes and beliefs for
all students. Again, we might expect that those students who
go on to Physics 2 would have more favorable attitudes and
beliefs than those students who do not go on. We do find that
students who take Physics 2 have more favorable attitudes
and beliefs both at the beginning and end of the semester
than students who do not take Physics 2 �though the differ-
ence in pretest scores for females is not significant�. Though
these differences between students who do and do not take
Physics 2 are significant, the effect sizes of the differences
are small, between about 0.1 and 0.3.

In summary, despite the gender differences that we see at
the end of Physics 1 �in terms of FMCE post-test score�, we
find that males and females are continuing through the intro-
ductory sequence �and not continuing� at the same rate. The
same is true of the physics majors, though we do see a
smaller percentage of female physics majors in Physics 2
compared to males; 6% of females versus 8% of males are
declared physics majors in Physics 2. As evidenced by the
Physics 1 grades and FMCE post-test scores of males and
females who continue on to Physics 2, the females who are
taking Physics 2 are less prepared than the males. Females
who continue in the introductory sequence also have less
favorable attitudes and beliefs than the males who take Phys-
ics 2. Having examined the gender differences in retention
from Physics 1 to Physics 2, in the next section, we take a
closer look at the performance gender differences in the
second-semester physics course.

IV. RESULTS: IDENTIFYING DIFFERENCES BY GENDER

A. College course performance differences

We now focus our attention on students in the second-
semester introductory course by examining conceptual mas-
tery, course grades, DFW rates �grades of D, F, or with-
drawal�, and attitudes and beliefs.

1. Conceptual surveys

We first look at students’ conceptual performance as mea-
sured by the BEMA. Figure 2 presents the pre- and post-test
gender gaps for each semester included in the study. Recall

TABLE IV. Gender gaps in Physics 1 CLASS �% favorable� pretest, post-test, and shifts for those students
who took Physics 1 but then did and did not take Physics 2. The differences in the bottom row are �Physics
1 and 2 – Physics 1 only�. The asterisk � �� indicates that the difference is significant at the p�0.05 level.

Physics 1 CLASS pretest Physics 1 CLASS post-test

M F M–F M F M–F

Physics 1 only 62.7 62.0 0.7 56.0 52.3 5.7�

Physics 1 and 2 66.4 64.2 2.2� 61.3 57.5 3.8�

Differences 3.7� 2.2 5.3� 5.2�
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that in two of the ten semesters �Semesters E and C3� stu-
dents were given the BEMA only at the end of the semester
as a post-test. We include the post-test gender gaps for these
semesters, even though we have no pretest data. In five of the
eight semesters of pretest data there is not a significant gen-
der difference in pretest scores �p�0.05�. Males and females
do not score significantly differently on the BEMA pretest in
the majority of the semesters that the BEMA pretest has been
given. In the remaining three semesters, where there is a
statistically significant pretest difference, the gender gap is
only between 2.6% and 3.6%. This is much smaller than the
gender gaps that we observe on the FMCE pretest at the
beginning of Physics 1, which are between 6% and 14%
�about 10% on average� �3�. Taking the BEMA pretest score
as a measure of preparation, it seems that males and females
are equally prepared for Physics 2 in terms of exposure to
E&M content.

Despite equal preparation of males and females, the
BEMA post-test gender gap is statistically significant �p
�0.05� in all ten semesters. Males scored significantly
higher on the BEMA post-test than females in all semesters.
Even in those semesters where there was no significant dif-
ference on the pretest, males and females performed differ-
ently on the post-test. Recall that all ten semesters used fully
interactive engagement methods, including Peer Instruction
�4� and Tutorials �5�. Despite the use of these IE methods,
the gender gap increases from pre- to post-test in all semes-
ters of Physics 2. The post-test gender gap ranges from 4.0%
to 9.6%. On average, the effect size �40� of the pretest gender
gap is 0.17, and the effect size of the post-test gender gap is
0.39.

The normalized gain �6�,

�g� =
�post� − �pre�
100 − �pre�

,

for these classes is between 0.33 and 0.48. Over the eight
semesters in which both the pre-and post-test were given, the
average normalized gain is 0.40. These gains match the
range of normalized learning gains reported for classes at
other institutions that use the Matter and Interactions �41�
curriculum �42�. While the normalized gains for the course
are in line with gains of other reformed courses, we do see
differences by gender. The individual normalized gains �43�

of males and females are statistically different �p�0.01�.
Females have an average normalized gain of 0.35 �over all
semesters� while males have an average normalized gain of
0.42. It appears that females learn a smaller percentage of
what they did not already know coming into Physics 2 than
males.

From Fig. 2, it appears that a gender gap is created over
the course of Physics 2. Males and females come into the
course with the same level of E&M conceptual understand-
ing, and at the end of the course, the males are performing
better on the BEMA than the females. However, if we look at
the FMCE post-test gender gaps for those students who took
both the BEMA and the FMCE, shown in Fig. 3 �44�, we find
that in most semesters the post-FMCE gender gaps are larger
than the post-BEMA gender gaps. Further, in our classes the
average pretest scores on the BEMA are 25.3% for females
and 26.8% for males. These scores are close to “informed
guessing.” Most students only take one year of high school
physics, which is most likely a mechanics course, so most
students, male or female, probably have not been exposed to
much E&M when they come into Physics 2. One interpreta-
tion is that the pretest gender gap is masked by lack of con-
ceptual exposure to the subject. The BEMA does not mea-
sure what students know on the pretest, and in fact, if the
FMCE is taken as the measure of conceptual performance
upon entering Physics 2, it appears that we may be reducing
the gender gap from Physics 1 to Physics 2.

2. Course grades

In addition to looking at student performance on concep-
tual surveys, we can also look at how males and females
performed in the course overall and on each of the compo-
nents of the course. For each of the ten semesters of the
E&M course males’ and females’ scores are averaged on
participation, homework, exams, and total course grade. In
all of these courses, exams make up 60–70% of the course
grade, homework counts for 25% to 35%, and participation
makes up the remainder, between 0% and 10%. The differ-
ence between the average scores of males and females in
each component ��S�M − �S�F� is calculated for each semester.
These differences for each semester, along with the average
differences across all semesters, are shown in Table V.

On average in Physics 2, females outscore males by about
6% on participation and by about 5% on homework, but
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FIG. 2. Pre- and post-test gender gaps ��S�M − �S�F� by semester.
The data shown here includes all students who took the pre- and
post-BEMA. These data represent seven different instructors and
over 2500 students. The instructor is indicated along the x axis.
Instructors who taught more than once are labeled with a letter and
a number. The error bars represent the standard errors of the mean.
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FIG. 3. FMCE and BEMA gender gaps ��S�M − �S�F� by semes-
ter. The gender gaps for each semester are shown above �N
=1487� for only those students who took both the FMCE �in the
first-semester course� and the BEMA �in the second-semester
course�. The error bars represent the standard errors of the mean.
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males outscore females by about 4% on exams. This is very
similar to what we reported in studies of Physics 1 �3�. These
differences on participation, homework, and exams offset
one another resulting in course grades of males and females
that are not statistically different. This happens on average
and in most individual semesters. There are two notable dif-
ferences from this trend. In Semester G, the differences in
males’ and females’ homework and participation scores are
on the smaller side, and the difference in exam scores is the
largest that we report. This results in course grades of males
and females that are significantly different. Males have
course grades about 0.2 grade points higher than females �on
0 to 4.0 scale�.

Another semester that stands out is Semester F, the only
semester in which there was a female professor. In this se-
mester females have much higher participation and home-
work scores than males. The differences of 12% on partici-
pation and 8% on homework are the largest differences in
this data set. In addition, the exam scores of males and fe-
males are not significantly different. This leads to females
having higher course grades than males by about a third of a
letter grade. This is the largest gender difference that we
have seen in course grades �including Physics 1 and Physics
2�, and the only time we have seen females with statistically
significantly higher course grades than males. Though fe-
males outperformed males in the course overall in this se-
mester, there was still a small �4%�, but statistically signifi-
cant, BEMA post-test gender gap.

3. DFW rates

Another way to compare course grades is to look at DFW
rates of males and females. The DFW rate for each semester
is the percentage of students that received a grade of D, F, or
W �withdrew from the course �45��. Table VI lists the DFW
rates for males and females in each semester and an average
DFW rate over all semesters. We first look to see if there are
differences in the DFW rate from semester to semester for

males and for females. There are not significant differences
in the female DFW rate by semester �p�0.3, via �2 test�, but
there are significant differences in the male DFW rate by
semester �p�0.01�. We use pairwise �2 tests to determine in
which semesters males have significantly different DFW
rates. The only significant differences involve semester G
being different from semesters A1 and F. Overall, the DFW
rates of males and females do not change much from semes-
ter to semester, and less than 15% of both males and females
receive grades of D, F, or W.

We next compare the DFW rates between males and fe-
males to determine if they are significantly different in any

TABLE V. Analysis of students’ course grades. Each column contains the difference between the average
scores for males and females ��S�M − �S�F�. Error �shown in parentheses� is computed from the standard errors
of the mean for males and females added in quadrature. The asterisk � �� indicates that the difference is
statistically significant at the p�0.05 level. In Semester D no participation credit was given.

Participation �%� Homework �%� Exams �%� Course GPA �4 pt. scale�

Semester A1 −6.4�1.0�� −7.0�1.5�� 3.6�1.6�� −0.04�0.12�
Semester B −6�3�� −4�2� 6.1�1.9�� 0.08 �0.13�
Semester C1 −7.4�1.6�� −3.3�1.8� 4.2�1.5�� −0.03�0.12�
Semester D −3�3� 2.5 �1.7� 0.06 �0.13�
Semester C2 −7.2�1.6�� −5.5�1.9�� 4.8�1.7�� 0.07 �0.12�
Semester E −5�2�� −4.0�1.7�� 2.4 �1.6� −0.01�0.13�
Semester A2 −4.9�1.7�� −2.6�1.9� 3.1�1.4�� 0.02 �0.11�
Semester F −11.5�1.8�� −8.2�1.9�� −1.5�1.6� −0.32�0.11��

Semester G −2.7�1.9� −3.7�1.7�� 7.7�1.4�� 0.20�0.09��

Semester C3 −6.1�1.7�� −5.3�1.8�� 4.2�1.4�� 0.02 �0.11�

Average −6.1�0.6�� −4.7�0.6�� 3.8�0.5�� −0.002�0.04�

TABLE VI. DFW and W rates for Males and Females in Each
Semester. The DFW rate is the percentage of students who receive
a grade of D, F, or W �withdrew from the course�. The W rate is the
percentage of students who withdrew from the course. On average,
the DFW and W rates of males and females are not significantly
different.

DFW Rates �%� W Rates �%�

Males Females Males Females

Semester A1 17.5 16.7 2.7 4.6

Semester B 16.9 16.7 2.4 5.1

Semester C1 15.5 17.6 1.5 4.8

Semester D 12.6 14.7 3.0 2.1

Semester C2 12.5 9.3 2.1 4.1

Semester E 15.7 12.5 3.8 2.5

Semester A2 16.3 15.2 4.1 2.7

Semester F 20.4 8.4 3.7 0

Semester G 8.5 9.5 3.4 4.3

Semester C3 12.3 10.6 0.3 0

Average 14.8 �1.1� 13.1 �1.1� 2.7 �0.4� 3.0 �0.6�
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semester. In most semesters, the DFW rates of males and
females are not significantly different �p�0.4�. The one ex-
ception is Semester F, where the DFW rate for males was
20% and the DFW rate for females was 8%. This is the only
semester where the DFW rates of males and females were
significantly different �p�0.01�. We saw above that females
had higher course grades in this semester than males. But if
we look at just the percentage of males and females who
withdrew from the course in Semester F, we find that none of
the females withdrew, but 4% of the males withdrew that
semester �a significant difference, p=0.04�. The only other
semester where there was a significant difference in the num-
bers of males and females that withdrew from the course was
semester C1, where a higher percentage of females withdrew
compared to males �p=0.04�.

4. Attitudes and beliefs

In addition to looking at performance in the second-
semester introductory course, we can also explore how the
attitudes and beliefs of males and females change over the
course of the semester and whether there are any gender
differences. In our previous work looking at the CLASS �3�,
we found that both males and females shifted towards less
expert-like attitudes and beliefs over the course of the first-
semester introductory physics course, and females had more
negative shifts in all categories than males. This is reflected
in the pretest scores that are collected at the beginning of the
second-semester course. In all categories except Sense-
Making females have significantly lower average pretest
scores than males �p�0.05�. This means that females come
in to the second-semester course reporting less expertlike
attitudes and beliefs about physics and learning physics than
males. If we look at the shifts in students’ attitudes and be-
liefs over the course of Physics 2, we see different results
than we saw in Physics 1. In our previous work �3�, we
found that females had more negative shifts than males in all
categories and overall. The shifts that we saw in Physics 1
were between about −5% and −15%. Figure 4 shows the
shifts of males and females in Physics 2. We see in Fig. 4
that the shifts over the course of Physics 2 are considerably
smaller than those from Physics 1, but still zero or negative.
The shifts over the course of Physics 2 are between 0% and
−6%. We do not find any significant gender differences in the
shifts of males and females except in the Personal Interest
category, where females have more negative shifts than
males. The Personal Interest category has one of the largest
pretest gender differences, which, in combination with the
gender differences in shifts over the semester, results in an
11% post-test gender difference in the Personal Interest cat-
egory, larger than any other category. In summary, the atti-
tudes and beliefs of students do shift towards less expertlike
beliefs over the course of Physics 2 �46�, but the shifts are
much smaller than in Physics 1. Also, there are fewer differ-
ences in shifts between males and females in Physics 2 than
in Physics 1.

B. Background differences

In the previous section we reported the observed differ-
ences in males’ and females’ performance and attitudes in the

second-semester course. Here, we examine the background
and preparation of males and females in Physics 2. As part of
students’ background and preparation we look at both high
school factors and data from Physics 1, for those students
who took Physics 1. Male and female averages for each of
the background variables and the gender differences for each
are presented in Table VII for the population of Physics 2
students. Note that not all data are available for all students,
as is the case in any course. As a consequence of missing
data the reported averages may be biased due to sampling
error. We present them regardless as they are the best esti-
mates we have of the values for all students who enroll in
Physics 2.

Just as we saw when comparing the FMCE scores of stu-
dents who went on to Physics 2 to students who did not in
Sec. III, we find that the measures of students’ physics and
math background found in Table VII are higher for this
population of Physics 2 students than they were for the popu-
lation of Physics 1 students �3�. Despite the higher level of
preparation of these Physics 2 students, Table VII shows that
males have significantly higher �p�0.05� values than fe-
males on almost all variables. Females take less high school
physics than males and score lower on the SAT- and ACT-
Math tests. We also see that females perform worse in Phys-
ics 1 �as discussed above� than males. Females in Physics 2
had lower FMCE pre- and post-test scores and had lower
grades in Physics 1 than males. The only background vari-
ables in which males do not outperform females are high
school GPA, where females outscore males, and years of
high school calculus, where males and females are not sig-
nificantly different. Similar results have been found by other
researchers �47,48�, who concluded that males and females
were equally prepared for the introductory physics courses.
We suspect that overall measures of high school grades and
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FIG. 4. Average shifts �post–pre� for males and females in Phys-
ics 2 on each of the CLASS categories. Note that all shifts are
negative or zero, meaning both male and female students shift to-
ward less expertlike attitudes and beliefs about physics or remain
the same. The asterisk � �� indicates that the difference in shifts for
males and females is significant �p�0.05�. Values in parentheses
�on the right hand side� are female and male average pretest scores.
The pretest scores of males and females are significantly different in
all categories except sense-making.
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enrollment in a calculus course are not as important to per-
formance in an introductory physics course as are enrollment
in high school physics �exposure to relevant content� and
performance on standardized math tests �measures of math-
ematics performance�. By such metrics, females are less pre-
pared for Physics 1 and Physics 2 than males.

V. RESULTS: CORRELATION OF STUDENT
BACKGROUND WITH STUDENT CONCEPTUAL

PERFORMANCE

Having identified several background variables that vary
by gender �high school classes taken, standardized test
scores, Physics 1 performance, and BEMA pretest�, we next
want to know which of these variables is associated with
performance on the BEMA post-test and could potentially
account for some of the post-BEMA gender difference that
we observe. One way to determine whether a background
variable can help account for the BEMA post-test gender gap
is to group students according to the background variable
and then compare the average BEMA post-test scores of stu-
dents in each group. In this way, we can control for students
background score, only comparing students that are similar
on that measure. We would normally begin by looking at the
BEMA pretest, but the lack of spread in BEMA pretest
scores precludes an analysis of this sort. Any reasonable sort
yields the same 6% spread that exists in the overall score.

Rather than looking at the BEMA pretest, we can use the
FMCE post-test as a measure of prior conceptual understand-
ing. In Fig. 5, we have divided students into five groups by
FMCE post-test score. The groups are divided such that an
equal number of students is in each bin. We then calculate
the average BEMA post-test score for the males and females
in each bin. As is seen in Fig. 5, males and females with the
same FMCE post-test score have BEMA post-test scores that

are not significantly different in all five of the bins. Males
and females who score similarly on the FMCE post-test in
Physics 1, score similarly on the BEMA post-test in Physics
2. Though the difference is not significant in any individual
bin, males outperform females in four of the five quintiles.
The percentages located above each bar in Fig. 5 indicate the
percentage of females �or males� that fall into that bin. The
distributions of males’ and females’ among the five bins are
not equal. More than half of the females are in the lowest
two bins, while just about half of the males are in the highest
two bins. Figure 5 suggests that by taking into account the
FMCE post-test scores of males and females, we can account
for a large part of the gender gap in BEMA post-test scores.

A similar analysis could be repeated for each of the back-
ground variables in Table VII separately, but ultimately, we
want to know how much of the BEMA post-test gender gap
can be accounted for by all of the background variables to-
gether. We explore this question in the following section.

TABLE VII. Male and female average values for variables that were collected. The range of possible scores for each variable is shown
in parentheses. The effect size is calculated as ES= ��S�M – �S�F� /SD, where the SD for all students is used. Significant differences exist
between males and females on almost all of the variables.

Males Females Differences

N Mean SD N Mean SD M–F ES p value

High school GPA �0.0–4.0� 2816 3.604 0.4 918 3.796 0.3 −0.192 −0.50 �0.001

Yrs. high school physics 2564 1.105 0.6 824 1.021 0.6 0.084 0.15 �0.001

Yrs. high school calculus 2538 0.876 0.6 818 0.899 0.6 −0.023 −0.04 0.3

SAT–Math �200–800� 1964 655.2 66 680 640.1 73 15.1 0.22 �0.001

ACT–Math �1–36� 2259 28.63 4 791 28.26 4 0.37 0.10 0.012

Math combined �z-score� 2817 0.116 0.9 923 −0.04 1 0.156 0.17 �0.001

FMCE Pretest �0–100� 1575 34.5 22 559 23.2 15 11.3 0.54 �0.001

FMCE Post-test �0–100� 1575 70.3 27 559 57.3 28 13.0 0.47 �0.001

Physics 1 Grade �0.0–4.0� 2624 2.81 0.8 847 2.71 0.9 0.10 0.12 0.003

Physics 2 CLASS Pretest �0–100� 1480 65.0 18 625 61.9 18 3.1 0.17 �0.001

Physics 2 CLASS Post-test �0–100� 1480 63.4 19 625 59.5 19 3.9 0.20 �0.001

BEMA Pretest �0–100� 1485 26.8 10 515 25.3 9 1.5 0.17 0.001

BEMA Post-test�0–100� 1485 57.7 16 515 51.4 15 6.3 0.39 �0.001
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FIG. 5. Average BEMA post-test scores for females and males
with matched FMCE post-test scores �N=1117�. The percentages
above each bar represent the percentage of the females �or males�
from the total in each bin. The error bars represent the standard
error on the mean. The differences between males and females are
not significant �p�0.05� in all five of the bins.
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VI. RESULTS: ESTIMATION OF THE IMPACT OF
STUDENT BACKGROUND ON THE GENDER GAP

We investigate whether the background differences be-
tween males and females �discussed in the Sec. IV� can ac-
count for the gender difference that we observe in BEMA
post-test scores. We model students’ BEMA post-test scores
using a multiple-regression analysis, which describes the re-
lationship between a student’s post-test score and the values
of several background variables for that student. Using this
relationship, we estimate the difference in post-test scores for
males and females with all background variables being held
equal. In this way, we will determine how much of the gen-
der gap can be accounted for by factors other than gender.

The post-test scores are modeled according to the equa-
tion,

BEMAPOST = b0 + b1 � FEMALE + �
k=2

N

bk � VARk,

where BEMAPOST is the post-test score on the BEMA, FE-
MALE is a dummy variable that is 1 for females and 0 for
males, and VARk are the other background variables that are
included in the model and any cross terms between FEMALE
and other background variables. bk are the coefficients for
each term, and the multiple-regression analysis gives esti-
mates for these coefficients. The coefficient of the FEMALE
variable �b1� gives the difference between a male’s and a
female’s scores, with all other factors being equal. It is this
coefficient that we are ultimately interested in.

As in our previous work, we are modeling students’
BEMA post-test scores rather than their absolute or normal-
ized gain because we are primarily interested in reducing the
gender gap in post-test scores. By modeling the post-test, we
can determine what factors influence the post-test score and
could therefore contribute to the gender gap. Each of the
possible confounding variables is included in the regression
analysis. Variables are entered sequentially in order to find
the parsimonious combination of factors that best predicts
the post-test score for each student. The best model will be
judged based on the size of the coefficients, the increase in
multiple R2 �the fraction of variation in post-test scores that
is accounted for by the variables in the model�, and the sig-
nificance of variable coefficients.

As stated above, not all data were available for all stu-
dents. With this being the case, only a subsample of students
who took the second-semester introductory course was used
in the multiple-regression analysis. Recall that only 1704 of
the 3895 students who enrolled in Physics 2 between Fall
2004 and Spring 2009 took the BEMA pretest and post-test.
Of these 1704 students, complete data �meaning all back-
ground variables presented in Table VII� were available for
only 637 students. These 637 students make up the first
sample used for the analysis. This sample of students is la-
beled S1. All of the students in S1 took the FMCE in Physics
1, so we can use their FMCE post-test score as a measure of
their prior understanding of mechanics content. Students’
grade in Physics 1 could also be used as a measure of me-
chanics understanding. If we use Physics 1 grade rather than
FMCE post-test score, then we have a second sample of 907

students. This second sample, S2, has more students since not
everyone takes the FMCE in Physics 1, but everyone re-
ceives a grade in Physics 1. We run the regression analysis
using both of these samples.

For both samples, it is important to keep in mind that the
samples used are not representative of all students who enroll
in Physics 2. We can see from Table VIII and IX that the
students included in each of the samples have higher course
grades than students not in the samples. In all cases, the
differences are about half of a letter grade. Though we are
sampling students with higher course grades, the gender dif-
ference in course grades for both samples is not significantly
different from zero, as was the case when looking at the class
overall. It appears that the samples used in the regression
analyses may be good estimates of the gender differences for
all students.

If we look further at the BEMA pre- and post-test gender
gaps for all students who took the BEMA, students in the S1
sample and students in the S2 sample, we see that the gender
differences across all three samples of students are very simi-
lar. These data are presented in Table X. This suggests again
that the samples used in the regression analyses are reason-
able representative of the gender differences in the entire
population of students.

The results of the regression analysis for sample S1 are
shown in Table XI. Three models are reported, starting with
a bivariate model that includes only gender and then addi-
tional variables are added in each successive model. The
table contains the coefficient estimates �bk� and p values for
the coefficients in each model as well as the model-level
statistics. The variables that are entered in each successive
model are not only significant, but they also increase R2 sub-
stantially �the additional variance explained by each model is
significant via F test at the p�0.01 level�. The R2 for the

TABLE VIII. Average course grades for students included in the
first regression sample �S1� and those who are not in the S1 sample.
Course grades are on a 0.0 to 4.0 scale. The asterisk � �� indicates
that the differences are significant �p�0.05�.

Males Females M–F

In S1 sample 2.96 2.92 0.04

Not in S1 sample 2.46 2.47 0.01

In S1 – Not in S1 0.50� 0.45�

TABLE IX. Average course grades for students included in the
second regression sample �S2� and those who are not in the S2

sample. Course grades are on a 0.0 to 4.0 scale. The asterisk � ��
indicates that the differences are significant �p�0.05�.

Males Females M–F

In S2 sample 2.93 2.86 0.07

Not in S2 sample 2.39 2.43 −0.04

In S2 – Not in S2 0.54� 0.43�
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final model is 0.34, such that the variation in the independent
variables explains 34% of the variation in post-test scores
�49�.

We are interested in the difference between males’ and
females’ post-test scores after controlling for several prior
factors. In Model 1, where only FEMALE is included as an
independent variable, the gender difference is 6.8 points.
This is just the average difference in post-test scores between
males and females in this sample. In Model 2, several cova-
riates that are correlated with the post-test are added. When
previous physics performance �BEMA pretest and FMCE
post-test�, previous math performance �combined math
score�, and previous attitudes and beliefs �CLASS pretest�
are controlled for, the gender difference drops to 2.6 points.
Already, there is a substantial reduction in the gender differ-
ence once previous physics and math performance and atti-
tudes and beliefs are accounted for.

To get a final estimate of the gender difference, we turn to
Model 3. In this model, variables are added to take into ac-
count the semester that students took Physics 2. Controlling
for semester is important for two reasons. First, by including
a variable that controls for the semester that students took
physics, some dependence among students due to taking

physics at the same time is eliminated. Second, the average
post-test scores are different in each semester. Including a
semester variable will account for any differences that hap-
pen by semester which contribute to the post-test scores. Al-
though we have no further information about specific aspects
of each semester that could contribute to the differences, by
including the semester variables we can see if there are dif-
ferences once other prior factors are accounted for. The base
case in Model 3 is semester A1 �meaning there is no variable
included for this semester�. This means that the coefficients
of each semester variable give the average difference be-
tween semester A1 and that semester after all other variables
have been accounted for. For example, controlling for prior
physics performance, math performance, and attitudes and
beliefs, the average difference between semester A1 and se-
mester C1 is −4.7 points This is the only difference that is
significant, but this analysis only allows a statistical compari-
son between semester A1 and all other semesters. It does not
allow us to compare semesters B and C1, for instance. There
could be other significant differences between post-test
scores by semester.

With Model 3, a final estimate of the difference between a
male’s and a female’s post-test scores, controlling for several

TABLE X. BEMA pre- and post-test gender gaps for all students, students in the first regression sample �S1�, and students in the second
regression sample �S2�. The asterisk � �� indicates that the differences are significant �p�0.05�.

All students S1 sample S2 sample

M F M–F M F M–F M F M–F

BEMA pretest 26.8 25.3 1.5� 26.8 25.0 1.8� 26.7 25.0 1.7�

BEMA post-test 57.7 51.4 6.3� 58.4 51.7 6.7� 57.5 50.8 6.7�

TABLE XI. Coefficient estimates and multiple-regression model statistics for each multiple-regression
model. The S1 sample was used for this regression analysis.

Model 1 Model 2 Model 3

Model-level statistics

Multiple R2 0.04 0.32 0.34

F statistic p value �0.001 �0.001 �0.001

Residual standard error 15.5 13.1 13.0

Predictors Coeff. p value Coeff. p value Coeff. p value

Intercept 58.4 �0.001 29.1 �0.01 30.5 �0.01

FEMALE −6.8 �0.001 −2.6 0.03 −2.6 0.02

BEMA Pretest 0.25 �0.01 0.27 �0.01

FMCE Post-test 0.24 �0.01 0.23 �0.01

Combined math score 2.1 �0.01 2.0 �0.01

CLASS pretest 0.07 0.03 0.07 0.04

Semester B 0.78 0.66

Semester C1 −4.7 �0.01

Semester D −2.1 0.27

Semester C2 −0.52 0.76

Semester F −0.08 0.97
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other factors, can be estimated. This difference is 2.6 points.
This is a substantial reduction from the 6.8 point difference
that is observed just by subtracting the average male and
female post-test scores. Controlling for student background
in this way, we can account for 62% of the observed gender
gap using this final model.

We can also include Physics 1 course grade in the final
model, in addition to the FMCE post-test. Though there is an
increase in R2 when Physics 1 course grade is added, because
there is not a large gender difference in Physics 1 grade,
including it in the model does not lower the coefficient of
FEMALE, but rather increases it slightly to 3.1 points. We do
not include Physics 1 grade in the final model because when
it is included, math score and CLASS pretest are no longer
significant predictors of BEMA post-test. Because each of
these variables, math performance and prior attitudes and
beliefs, are somewhat more explanatory and straightforward
than Physics 1 grade �which is a combination of exams,
homework, and participation�, we chose to keep them in the
final model.

We also attempted to include years of high school phys-
ics, students’ declared major in Physics 2, ethnicity, and in-
teraction variables between FEMALE and all other variables.
None of these variables significantly contributed to the
model beyond those variables already included in the final
model. We suspect that this is primarily due to correlations
between these variables and variables already included in the
final model.

Table XII presents the results of the regression analysis
using the S2 sample. Recall that for this sample of students
we used Physics 1 grade, rather than FMCE post-test, as a
measure of prior mechanics conceptual understanding. For

this sample, we report four models, starting with a bivariate
model and then adding variables in each successive model.
The R2 for the final model is 0.40, such that the variation in
the independent variables accounts for 40% of the variation
in post-test scores.

Again, we are interested in the coefficient of the FEMALE
variable. In Model 1, where only FEMALE is included, the
gender difference is 6.8 points, as we saw above. In Model 2,
when covariates are included in the analysis, the gender dif-
ference drops to 4.6 points. We note here, that when Physics
1 grade is included in the model, rather than FMCE post-test,
less of the gender gap can be accounted for. This is not
surprising, since there is not as large of a gender difference
on Physics 1 grade as there is on FMCE post-test. We also
include variables controlling for the semester that each stu-
dent took Physics 2 in Model 3. Using Model 3, we can
estimate the difference between a male’s and female’s scores
when controlling for prior physics course performance, prior
math performance, and prior attitudes and beliefs to be 4.7
points. This is a smaller reduction in the gender gap than we
saw using sample S1. Controlling for these background fac-
tors, we account for about 30% of the observed gender gap
in BEMA post-test scores.

Because the gender difference in Physics 1 course grade is
small, we include an average Physics 1 exam score variable
in lieu of Physics 1 grade in Model 4. We want to see if more
of the gender gap can be accounted for by exam score, which
has a larger gender gap than course grade. The average exam
score is calculated by first converting each of the Physics 1
exam scores �three midterm exams and the final exam� to
z-scores, and then computing the average exam z-score for
each student in the sample. Converting to z-scores is a way

TABLE XII. Coefficient estimates and multiple-regression model statistics for each multiple-regression
model. The S2 sample was used for this regression analysis.

Model 1 Model 2 Model 3 Model 4

Model-level statistics

Multiple R2 0.04 0.34 0.37 0.40

F statistic p value �0.001 �0.001 �0.001 �0.001

Residual standard error 15.9 13.2 12.9 12.6

Predictors Coeff. p value Coeff. p value Coeff. p value Coeff. p value

Intercept 57.5 �0.01 18.0 �0.01 20.7 �0.01 40.6 �0.01

FEMALE −6.8 �0.01 −4.6 �0.01 −4.7 �0.01 −3.2 �0.01

BEMA Pretest 0.32 �0.01 0.33 �0.01 0.30 �0.01

Physics 1 GPA 6.7 �0.01 6.9 �0.01

Combined math score 2.1 �0.01 1.8 �0.01 0.92 0.10

CLASS pretest 0.16 �0.01 0.14 �0.01 0.12 �0.01

Semester B 1.7 0.28 1.5 0.33

Semester C1 −7.1 �0.01 −6.8 �0.01

Semester D −4 0.02 −3.8 0.02

Semester C2 −1.4 0.34 −1.2 0.39

Semester F −0.48 0.76 −0.67 0.66

Physics 1 Avg. Exam Score 8.0 �0.01
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to normalize the exam scores since each exam has a different
average score. From Table XII, the average exam score is a
significant predictor of BEMA post-test, and it reduces the
FEMALE coefficient from −4.6 points to −3.2 points. When
we use only the exam component of Physics 1 grade, we find
that the resulting gender gap is only 3.2 points, approaching
what we found with the S1 sample.

Again, in this sample, we included years of high school
physics, students’ declared major in Physics 2, ethnicity, and
interaction variables between FEMALE and all other vari-
ables in the regression model. None of these variables sig-
nificantly contributed to the model beyond those already in-
cluded in the final model. This result is likely due to
correlations between these variables and variables already
included in the final model.

VII. DISCUSSION AND CONCLUSIONS

In this study, we have examined in detail three gender
differences in the second-semester introductory physics
course: retention, performance, and attitudes and beliefs.
This has allowed us to expand our understanding of gender
differences at our institution. We began by tracing the trajec-
tories of students from Physics 1 to Physics 2. We found that,
overall, males and females continued and did not continue
from Physics 1 to Physics 2 at the same rate. This may be
largely due to course requirements of engineering and sci-
ence majors, most of whom are required to take both Physics
1 and Physics 2. However, we find differences when we fo-
cus on physics majors. While the gender differences in how
many students did not take Physics 2 and how many students
added and dropped the physics major are not significant, the
differences are in a consistent direction such that the percent-
age of female physics majors in Physics 2 is significantly
less than the percentage of male physics majors. We are dis-
proportionately losing female physics majors as compared to
male physics majors, an issue that needs to be further inves-
tigated.

Looking at performance in the second-semester course,
we find that despite apparently equal precourse E&M content
exposure, males outperform females on the BEMA at the end
of the semester. Though this may demonstrate bias in our
courses, we argue that the BEMA pretest does not accurately
measure precourse differences between males and females.
And in fact, when we use the FMCE post-test as a pre-
Physics 2 measure, we find that the gender gap may be re-
duced over the Physics 2 semester.

We also examine the course grades of males and females,
as another measure of performance in the course. As we
found in Physics 1, the total course grades of males and
females are generally not different, as females outperform
males on homework and participation, but males outperform
females on exams. This trend holds true for all semesters
examined except two. In one semester, the gender differences
on homework and participation were small, and males con-
siderably outperformed females on the exams, resulting in
significantly higher course grades for males. The other in-
consistent semester was Semester F, when females had sig-
nificantly higher course grades than males. In this semester,

there was no significant difference in the exam scores of
males and females, and females considerably outperformed
males on homework and participation. Semester F was also
the only semester �in the past 25 semesters of Physics 1 and
Physics 2 in which we have been collecting data� in which a
female faculty member was the lecture instructor �50�. While
the impact of a female faculty member on gender differences
in the introductory physics courses needs to be further inves-
tigated, there is evidence that a female role model can influ-
ence the performance of females in science and mathematics
�48,51�.

In addition to analyzing retention and performance, the
third gender gap that we examined is in students’ attitudes
and beliefs. Just as in Physics 1, we find that both males and
females shift toward less expertlike attitudes and beliefs over
the course of Physics 2. However, the negative shifts that we
observe in Physics 2 are between 0% and −6%. This is
smaller than the shifts in Physics 1, which are typically be-
tween −5% and −15%. In all categories except one, Personal
Interest, males and females do not have significantly differ-
ent shifts. In the Personal Interest category, males have about
a −2% shift while females have about a −5% shift. Because
of the large pretest gender difference in the Personal Interest
category and the significant gender difference in shifts, the
Personal Interest category has the largest gender difference at
the end of Physics 2, a difference of 11%. What was, at the
beginning of Physics 1, an 8% gender difference in the Per-
sonal Interest category has increased to an 11% gender dif-
ference after just two semesters of introductory physics. It
seems that we are differentially negatively impacting fe-
males’ interest in physics.

In trying to understand the possible sources of the gender
disparities that we observe in E&M course performance, we
used a multiple-regression analysis to determine which fac-
tors contribute to students’ post-test scores and could account
for portions of the gender gap. We find that about 60% of the
gender difference can be accounted for by differences in
males’ and females’ prior conceptual performance on both
the FMCE and the BEMA, prior math performance, and pre-
course attitudes and beliefs about physics. That is, the gender
gap in BEMA post-test scores is reduced from about 7% to
about 3% when these measures of student background are
controlled for. This result is the case when we use the FMCE
post-test score as a measure of Physics 1 performance. We
can instead use students’ Physics 1 course grade, and when
we do that, we find that less of the gender gap can be ac-
counted for, only about 30%. If we use students’ Physics 1
exam average in place of the FMCE post-test, we find that
about 53% of the BEMA post-test gender gap can be ac-
counted for. These differences in how much of the gender
gap can be accounted for by different variables may suggest
that the gender gap we observe is in part an issue of testing.
The FMCE post-test and average exam grades �both tests�
can account for a higher fraction of the BEMA post-test gen-
der gap than can total course grade �made up of tests, home-
work, and participation�. We observe repeated gender differ-
ences in performance on tests, which are high stakes,
sequestered, time-sensitive tasks. These trends, along with
survey data that we have collected showing differences in
males’ and females’ physics self-efficacy �52�, suggest that
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stereotype threat �53,54� may be playing a role in our
courses, and affecting females’ performance on tests, even
tests that are explicitly used only for diagnostic purposes.
The impact of stereotype threat and the alleviation of the
threat through self-affirmation �55–57� are the focus of cur-
rent research studies. Preliminary results suggest that self-
affirmation can reduce, or in some cases eliminate, the gen-
der gap �58�. This supports our hypothesis that stereotype or
identity threat is impacting females’ performance in our
courses.

From this work we can draw several conclusions. First,
interactive engagement is not sufficient for eliminating, or
even reducing, the gender gap. As suggested by our prior
work, and further emphasized by this work, we need to ex-
plore the contextual factors in our classrooms that can impact
the gender gap. By examining gender differences in Physics
2, we begin to investigate the impact of different contextual
factors on the gender gap. Student familiarity with the course
content may be an important factor in the gender gap, as is
suggested by the smaller postcourse gender differences in
Physics 2, compared to Physics 1. However, students’ famil-
iarity with the current course content is not the only factor
that contributes to course performance. Physics 1 perfor-
mance is also a significant predictor of BEMA post-test
score. Our prior work also suggested that the instructor may
be a factor in the gender gap, as the post-test gender gap
varied semester to semester. This is further supported by the
current results, which also hint that the gender of the profes-
sor may play a role in the gender gap. These, and other,
contextual factors need to be further investigated to deter-
mine if and how they influence gender disparities in the
classroom.

We have seen from this work that differences in males’
and females’ backgrounds can account for much of the dif-
ference we observe at the end of the Physics 2 semester. This
finding suggests that females are coming into our courses
underprepared, and leaving our courses underprepared for
future courses, as compared to males. In some sense, because
the post-BEMA gender gap is smaller than the post-FMCE
gender gap, we may say that females are catching up to the
males. On the other hand, we may conclude that females are
getting more and more behind males as they move through
the introductory sequence, since they perform worse on tests
of mechanics conceptual understanding and subsequently
perform worse on tests of E&M conceptual understanding.

Further, gender differences in students’ personal interest in
physics seem to be increasing as students work through the
introductory physics sequence. Females are more likely to
leave the physics major than males. While none of these
differences is particularly large on its own, females are con-
sistently lagging behind males. Valian refers to this building
up of deficiencies as an “accumulated disadvantage” �59�.
Small, consistent differences can build up and accrue over
time to result in large disparities.

Rather than identifying a single factor that is responsible
for gender disparities in physics participation, we find small
gender differences across several different factors, including
retention, performance, and attitudes and beliefs. Female stu-
dents consistently fall behind males in each of these areas as
they move through the introductory physics sequence. This
pattern of disadvantage suggests a systematic culture in
which males are privileged over females. Tatum refers to this
cultural bias as a “smog of bias” �60�, a smog that surrounds
us and that we constantly breath in, though at times we may
be unaware that it even exists. Understanding that retention,
performance, and attitudes and beliefs are some of the
mechanisms by which the cultural bias is maintained and
reinforced is a first step towards alleviating the gender dis-
parities in physics. By creating new cultural norms in our
classrooms that are inclusive and supportive of all students
�61�, we may begin to construct physics classrooms and
physics cultures in which males and females can participate
equally.
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