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The underrepresentation and underperformance of females in physics has been well
documented and has long concerned policy-makers, educators, and the physics community. In
this thesis, we focus on gender disparities in the first- and second-semester introductory,
calculus-based physics courses at the University of Colorado. Success in these courses is critical
for future study and careers in physics (and other sciences). Using data gathered from roughly
10,000 undergraduate students, we identify and model gender differences in the introductory
physics courses in three areas: student performance, retention, and psychological factors. We
observe gender differences on several measures in the introductory physics courses: females are
less likely to take a high school physics course than males and have lower standardized
mathematics test scores; males outscore females on both pre- and post-course conceptual physics
surveys and in-class exams; and males have more expert-like attitudes and beliefs about physics
than females. These background differences of males and females account for 60% to 70% of the
gender gap that we observe on a post-course survey of conceptual physics understanding. In
analyzing underlying psychological factors of learning, we find that female students report lower
self-confidence related to succeeding in the introductory courses (self-efficacy) and are less
likely to report seeing themselves as a “physics person”. Students’ self-efficacy beliefs are
significant predictors of their performance, even when measures of physics and mathematics
background are controlled, and account for an additional 10% of the gender gap. Informed by
results from these studies, we implemented and tested a psychological, self-affirmation

intervention aimed at enhancing female students’ performance in Physics 1. Self-affirmation
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reduced the gender gap in performance on both in-class exams and the post-course conceptual
physics survey. Further, the benefit of the self-affirmation was strongest for females who
endorsed the stereotype that men do better than women in physics. The findings of this thesis
suggest that there are multiple factors that contribute to the underperformance of females in
physics. Establishing this model of gender differences is a first step towards increasing females’
participation and performance in physics, and can be used to guide future interventions to

address the disparities.
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CHAPTER 1: INTRODUCTION

I. Motivation

In response to growing concern over the United States’ future economic prosperity and
national security, the National Academies set out to investigate where the US fit into the global
science and technology enterprise, and to make recommendations to improve their position. In
their 2007 report, Rising Above the Gathering Storm [1], the National Academies argued that in
order to compete globally the US must be a leader in science and technology, which requires a
knowledgeable and scientifically literate workforce. To that end, they put forth four
recommendations, two of which involve increasing the pool of people prepared for careers in
science and technology. One recommendation was to improve mathematics and science
education at the K-12 level in order to increase the number of students who are prepared to study
science, technology, engineering, and mathematics (STEM) in college; while the other was to
develop and retain the best and brightest students and scientists by increasing the number of US
students earning undergraduate and graduate degrees in STEM fields. The National Academies
assert that increasing the number and quality of students trained for a career in STEM fields is
critical for meeting the workforce needs of the US in the 21* century and protecting the
prosperity, health, and security of the nation.

While the number of students earning bachelor’s degrees in science and engineering
fields is increasing, the percentage has declined from about 36% in the late 1960’s to 32% in
2006 [2]. Master’s degrees have declined similarly (from 29% to 21%), though doctoral degrees

earned in science and engineering remains high (around 65%). In physics, the number of



bachelor’s degrees awarded lags behind most other science and engineering fields. In 2008, 2%
of the bachelor’s degrees awarded in science and engineering were in physics, lower than
biology (33%), engineering (28%), mathematics (6%), and chemistry (5%) [3,4]. In response to
the National Academies report [1] and the American Competitiveness Initiative [5] (which later
became the America COMPETES Act [6]), the American Physical Society and the American
Association of Physics Teachers launched a joint initiative in 2007 to double the number of
bachelor’s degrees earned in physics. This doubling initiative was proposed, “to address critical
national needs including K-12 education, economic competitiveness, energy, security, and an
informed electorate,” [7]. In their mission statement, they cite areas of need and of documented
shortages of physics-educated professionals, such as biophysics, nanoscience, medical physics,
nuclear physics, and secondary physics teachers [8]. To meet the need for a scientifically literate
US workforce, we need to increase the number of students earning degrees in physics, and
female students represent a potential untapped resource to fill this need.

According to the American Institute of Physics [9], 46% of students who took high
school physics in 2001 were female, up from 39% in 1987. Though encouraging that nearly half
of high school physics students are now female, there is some evidence that males and females
are taking different high school physics courses. Of students who took the calculus-based AP
(Advanced Placement) physics test in 2004, 25% were female, and 35% of students who took the
algebra-based AP physics test were female [10]. These numbers suggest that females are less
likely to take AP physics courses, and when they do, are more likely to take the algebra-based
over the calculus-based course. Fewer females are choosing to take the rigorous high school
physics courses that are recommended to prepare them for the study of physics at the college

level.



Turning to students at the undergraduate and graduate level, in 2008, females earned 38%
of the bachelor’s degrees and 33% of the doctoral degrees awarded in the sciences [3]. Looking
at individual disciplines, females represent 60% of the bachelor’s degrees awarded in biology,
50% in chemistry and 44% in mathematics. Despite reaching parity of males and females in
these disciplines, females still earn only 20% of the bachelor’s degrees, 21% of the master’s
degrees, and 19% of the doctoral 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 at the undergraduate level). These national trends are reflected at
the University of Colorado at Boulder (CU). Females make up only 25% of the students who
enroll in introductory physics and about 15% of physics majors. This under-representation of
females in physics is cause for concern [1,11].

One might ask: Why do we need to increase the participation of females in physics?
There are several arguments, one of which was given above. There is a need for more and better-
trained scientists to secure the nation’s future prosperity, and female students are an, as yet,
under-utilized resource [12,13]. Females make up half of the talent pool from which to draw
students to physics, and yet they make up only 20% of those students who choose to pursue
careers in physics. Further, diverse groups are more productive and successful than uniform
groups, and females can potentially bring new perspectives to physics [14,15,16]. Lastly, degrees
in science and physics lead to more lucrative and prestigious career opportunities. Females
should have the same opportunities to earn a degree in physics and pursue those careers as males,
but research shows that they currently do not [12]. Females, more than males, face
discrimination, implicit biases in evaluative situations, and organizational structures that put

them at a disadvantage, at all steps along the academic and career ladder [12].



To increase the numbers of females participating in physics, we first need to understand
the factors that influence whether or not females choose to pursue a career in physics. A critical
first step towards physics (and other science) careers is the introductory physics course, which is
traditionally seen as a “gate-keeping” course. Success in this course is a requirement for pursuing
a physics (or science) degree, and as such, we focus our studies on the calculus-based Physics 1
and Physics 2 courses, which are for physics majors and engineers. Understanding the factors
that do and do not promote student learning in these courses is crucial to understanding the
gender gap and finding ways to eliminate it. In this thesis, we characterize gender differences in
student performance, retention, and psychological factors in the introductory physics courses, as
well as what factors are correlated with the differential performance of males and females.
Identifying these factors is a first step in clarifying the mechanisms by which gender differences
are established and guides the development of interventions to address the disparities. Based on
these findings, we implemented a psychological intervention, and tested its effectiveness in
reducing gender differences in performance.

II. Literature Review and Large-Scale Framing

In this section we broadly summarize the research on gender issues in science education
in order to frame and motivate the work we present in this thesis. Literature that is more
specifically relevant to individual studies will be discussed in the following chapters.

Much of the work on gender issues in science education has been to either identify
individual characteristics of males and females that lead to their differential participation and
performance in science, or to research, develop, and implement interventions to increase
females’ interest or performance in science. In a sense, research efforts either focus on the

individual or on the practices that take place in science classrooms. This division of the research



is clear in Kahle and Meece’s [17] summary of the research on gender issues in science, which
has two major sections, one on the factors that contribute to differential achievement and
participation of males and females and one on intervention programs to address the differential
achievement and participation. This organization of the research, as studying individual
characteristics or classroom practices, is also presented in other summaries of the literature on
gender issues in science [18,19,20].

Research on individual characteristics identifies several variables that impact
performance and retention of males and females in science. Many researchers have investigated
differences in the cognitive abilities of males and females, including spatial reasoning ability and
mathematics reasoning ability. Results from meta-analyses suggest that gender differences in
spatial reasoning ability are small, and do not explain the differences in performance or
participation in science [21,22,23]. Differences in mathematics ability are not consistent. While
males consistently outscore females on standardized mathematics tests, when course grades are
used to measure mathematics achievement, the gender differences are nonexistent or favor
females [17,19]. In addition to individual cognitive variables, attitudinal variables have also been
investigated. These include students’ interest and enjoyment in doing science, anxiety related to
science, and students’ perceptions of their science ability. Two recent meta-analyses on student
attitudes towards science find that females have less positive attitudes towards science than
males [24,25]. Other individual characteristics of males and females that have been investigated
are home and family variables, including the level of parents’ education, socioeconomic status,
parental attitudes towards science, parental encouragement, opportunities for engaging in science
activities at home, and gendered expectations of parents. Kahle and Meece [17] summarize the

findings by reporting, “in general, the socialization experiences girls receive in the home are not
y > s



likely to encourage achievement in science,” [p. 549]. Researchers have also suggested that
males and females have different ways of knowing [26], in particular, females often try to make
connections between themselves and what they are learning, an approach that Belenky et al.
argue is not valued in traditional education. Through all of this work, there is a focus on the
individual characteristics of males and females, how they differ, and how they contribute to the
differential performance and participation in science.

The other major focus of research on gender issues in science has been on the classroom
environment and classroom practices, and how these impact the participation and performance of
males and females in science. Researchers have investigated teacher expectations and behavior,
how different types of instruction impact males and females, and the structure of student
interactions [17]. In one study, teachers reported having equal expectations for male and female
students, but researchers observed teachers treating students in ways that suggested they did not
have the same expectations for males and females [27]. Many studies have shown that female
students prefer cooperative, over competitive, learning environments and may learn better from
inquiry-based activities [17,20]. Further, several studies have documented gender differences in
how students engage when working with groups and when working with laboratory equipment
[28,29,30]. Work has also examined the science interests of males and females in order to adapt
the curriculum so that it is more in line with the interests of females [20]. This leads to research
on interventions, or on how classroom practices and environments can be modified in ways that
enhance the performance and participation of females. Kahle and Meece [17] summarize the
goals of most interventions as, “l1) demasculinizing and demystifying science, usually by
exposure to role models and career information; 2) improving girls’ self-confidence and self-

perceptions of their ability to do science; 3) implementing teaching strategies that actively



involved girls in science lessons; and 4) developing girls’ skills of doing science,” [p. 550]. They
conclude that while interventions have been successful at identifying what factors impact
females’ confidence and retention in science, they have been less successful at identifying what
factors impact the achievement gap between males and females.

As described above, research on gender issues in science can roughly be categorized as
research related to individual factors and research related to classroom practices (including
interventions, which modify classroom practices). What is less represented in the literature is
work that bridges characteristics of individuals with the practices that they engage in. Said
another way, little work has been done to investigate the individual cognitive and psychological
factors that influence student performance and participation in particular environments as they
engage in specific practices, and to develop interventions based on those findings to implement
in the environments that have been studied. In their 2007 summary, Scantlebury and Baker [19]
concluded that, “intervention programs designed to increase girls’ participation in science had
limited impact, because they focused on single rather than multiple causes and were not
grounded in theoretical models that integrated psychological and sociocultural variables,” [p.
263]. It is clear from the prior literature on gender issues in science that there is no single factor
that can explain the differences in participation and performance between males and females in
science. To understand gender differences in participation and performance in physics, our goal
in this thesis, multiple factors need to be considered, and their impact tested in specific learning
environments. Once the factors that impact performance in that particular learning environment
are well understood, interventions to address the gender differences can be developed and

explored.



II1. Overview of the Thesis Project
A. Purpose of the Thesis Project and Research Questions

The goal of our work is to understand the underrepresentation and underperformance of
females in physics compared to males, and to find ways to address the disparities. As described
above, we focus on the introductory physics courses, as success in these courses is required for
further study in physics. Because students who enroll in these courses are primarily science or
engineering majors, they likely already have an interest in science and likely have the
preparation and background needed to be successful in science or engineering majors. The
students in these courses make up the pool from which potential physics majors can be drawn. It
is possible that intervening in these early courses will help retain more females who are already
interested in pursuing physics, as well as recruit females into physics.

Responding to calls in the literature for interventions that are theoretically grounded, in
this thesis we seek to bridge individuals and practices. We study characteristics of individuals in
specific environments as they engage in particular practices. We then use what we learn about
individual differences to develop and implement an intervention to address the gender
differences in student performance. We begin by identifying and modeling gender differences in
the introductory physics courses. We focus on gender differences in three areas: student
performance in the course (both in terms of course grades and conceptual survey performance),
retention from Physics 1 to Physics 2, and students’ attitudes and beliefs about physics and about
learning physics. We not only characterize these differences, but also model what academic
background factors of students contribute to the differences we observe in Physics 1 and Physics
2. We then shift the focus to the underpinning psychological factors that contribute to student

learning and performance in physics. We explore not only gender differences in physics self-



confidence and students’ identification with physics, but also how these psychological factors
correlate with student performance in the introductory courses. In this way, we work towards
building a model of student performance in the introductory physics courses that draws on a
variety of factors, including cognitive, social, and psychological factors. Finally, informed by the
results of these prior studies, we implement a psychological intervention aimed at enhancing

female students’ performance in the introductory physics course.

In this dissertation, we address the following research questions:

1. On what measures, and to what extent, do we observe differences by gender in the
introductory physics courses? For example, are there gender differences in conceptual
learning, course grades and their components, attitudes and beliefs, and prior knowledge
and preparation?

2. Can gender differences in student performance be accounted for by factors other than
gender, namely, background differences of males and females?

3. What role do underlying psychological factors, such as students’ physics self-confidence
(self-efficacy) and sense of being a physics person (physics identity), play in student
performance and in the gender differences in student performance?

4. Does identity threat (the fear of being devalued based on a group identity) negatively
impact females’ performance in the introductory physics course? Can the performance
differences between males and females be reduced or even eliminated with a psychological,

self-affirmation intervention?



B. Methodological Approach

The methodological approach employed in this thesis is primarily quantitative (though
some qualitative methods are used to analyze students’ open-responses to survey questions). In
Chapters 2 through 5 an epidemiological approach is used in which data are collected and
analyzed from roughly 10,000 undergraduate students enrolled in the introductory physics
courses over a seven-year time span at CU. These analyses are used to identify key factors found
to strongly correlate with student performance and gender differences in student performance.
Appropriate linear modeling techniques are applied. A variety of student factors are considered
including academic background factors (e.g. standardized test scores, high school courses taken,
high school GPA, and conceptual pre-test scores), prior attitudes and beliefs about physics,
physics-related self-confidence, and identification with physics. Data on each of these factors are
collected either from university records or self-reported by students on pre- and post-course
surveys. Data on student performance in the course were provided by the instructors in each
course. We seek to model the effects of a broad range of cognitive, social, and psychological
variables on students’ performance in the introductory physics courses at CU.

In Chapter 6, a randomized experimental design is used to test the impact of a self-
affirmation intervention on student performance. Students from the same course are randomly
assigned to complete either a treatment or control exercise, thereby ensuring that differences in
the performance between the two groups could reasonably be attributed to the intervention. More
details about the methodological approach used in this, and all, studies will be provided in the
following chapters.

Researchers have used a variety of methodologies to investigate the underrepresentation

of females in physics and the sciences, everything from large-scale, national surveys of students
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to deep ethnography that focuses on understanding the experiences of a few individuals. In this
thesis, we try to strike a balance between these two methodologies. We attempt to capture the
experiences of individual students (through surveys), but also take advantage of the large
numbers of students that take the introductory physics courses (using statistical analysis
techniques). While we lose information about the choices and experiences of individual students,
we gain the ability to identify trends across populations of students, and therefore to predict what
kinds of interventions will be beneficial to the majority of the students. To be explicit, we did
not: conduct interviews with students, track individual students as they make their way (or don’t)
through the entire physics major, observe the physics courses to identify practices of individual
instructors that may or may not encourage females to pursue physics, study the culture of
practicing physicists to understand how it is friendly or hostile towards females, or observe
individuals or groups of students as they engage (or don’t) in the physics course. While we
believe these are all worthwhile directions to pursue in understanding why females are under-
represented in physics, they are not taken up in this thesis. Further, the work in this thesis will
not provide an answer for what should be done about the lack of female representation in
physics. Based on our findings, we can propose changes to the introductory physics courses that
may benefit female students, but these suggested changes will require further research. We feel
that this work is an important step towards understanding gender disparities in physics and
eventually finding ways to address them.
C. Overview of the Dissertation

Here, I give an overview of this thesis, briefly describing the studies and findings of each

chapter. As stated above, the relevant prior literature and methodological approaches used for

each of the studies in this thesis will be discussed in detail in the following chapters.
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In Chapter 2, we characterize gender differences in the first-semester, calculus-based
mechanics course (Physics 1), and determine which factors are correlated with differential
performance at our institution. We first identify the measures on which we observe gender
differences, including both measures of student learning in the course and background factors.
We then determine to what extent differences in student background contribute to gender
differences in performance that we observe at the end of the course. We identify gender
differences in several aspects of the introductory course. Significant gender differences exist on
both the pre- and post-course conceptual survey of physics. Additionally, males outscore females
on in-class exams. However, because females outscore males on homework and participation,
the total course grades of males and females are not significantly different in any individual
semester (though averaging over all semesters reveals a small, but significant, gender difference
favoring males). Finally, females have significantly less favorable attitudes and beliefs towards
physics than males at both the beginning and end of the Physics 1 course. When these
differences in prior understanding and attitudes are controlled for, meaning we only compare
students with the same background, the gender gap is reduced from about 11% to about 3%. The
results indicate that the gender gap exists, even in interactive physics classes, at our institution,
but is largely associated with differences in previous physics and math knowledge and incoming
attitudes and beliefs.

In Chapter 3, we continue to characterize gender differences in participation and
performance by examining the second-semester, calculus-based electricity and magnetism
(E&M) course (Physics 2). This course is different from Physics 1 in many ways; in particular,
fewer students (male or female) have significant exposure to the E&M content before coming to

the course. By studying gender differences in the E&M course, we are able to tease apart some

12



of the similarities and differences between performance in Physics 1 and Physics 2, and get a
sense of which, if any, contextual factors differentially impact males and females. We find no
differences in the retention rates of males and females from Physics 1 to Physics 2 for students
overall; males and females are equally likely to continue or not continue from Physics 1 to
Physics 2. However, there are small differences in the retention rates of male and female physics
majors, with males systematically more likely to continue and less likely to drop out than
females. The trends in 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 pre-test scores at the
beginning of Physics 2, males outperform females at the end of the semester by about 6%. This
post-test gender gap can largely be attributed to differences in males’ and females’ prior physics
performance, mathematics standardized test performance, and students’ attitudes and beliefs. A
multiple regression model of students’ conceptual performance suggests these prior factors can
account for up to 60% of the observed gender differences. Taken all together, the 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.

In Chapter 4, we turn to the psychological factors that underpin student performance in
Physics 1 and Physics 2. We first explore students’ sense of physics self-efficacy, or their
confidence related to completing the tasks necessary for success in physics, and the sources of
self-efficacy, those experiences that contribute to the development of students’ self-efficacy.

Prior literature suggests that self-efficacy is an important factor in student performance and
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retention in science. We find that males have significantly higher physics self-efficacy than
females. Additionally, these self-efficacy beliefs are useful predictors of students’ conceptual
survey and exam performance in Physics 1 and Physics 2. For students in this study, background
measures of physics and mathematics understanding account for about 70% of the gender gap in
conceptual survey post-test scores, and students’ self-efficacy beliefs account for an additional
12% of this gender gap. Also, there are significant differences in student responses to questions
about the four sources of self-efficacy, with males giving more positive interpretations of their
experiences than females for each source. Each of the four sources of self-efficacy is a
significant predictor of students’ post-course self-efficacy in addition to students’ pre-course
self-efficacy and their performance in the course. Results from the study of students’ physics
self-efficacy suggest that it is an important factor that contributes to student performance in the
course, and providing opportunities for males and females to positively develop their self-
efficacy may be important for reducing gender disparities in the physics courses.

In Chapter 5, we explore another underpinning psychological factor, students’ sense of
physics identity, both how they recognize themselves and how they perceive being recognized by
others as a physics person. Research on gender issues in science points towards identity as a
critical factor to consider when trying to understand why females choose to participate or not in
science. We find that males are significantly more likely to self identify and to report that they
are recognized by others as a physics person. When asked why they do or do not see themselves
as a physics person, most student responses involve either their interest in physics or their
abilities in physics (both are aspects of physics identity as defined by prior work). More than half
of both males and females report that they felt like less of a physics person at the end of Physics

1 or Physics 2 compared to the beginning of the class. Again, the most common reasons were
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loss of interest in physics or because they didn’t do well in physics. Regression modeling was
used to determine whether students’ physics identity was a useful predictor of student
performance in the course. Though self-identity was a useful predictor on its own, when
measures of students’ self-efficacy were included, self-identity was no longer a significant
predictor of end-of-semester conceptual survey performance. Though identity was not a useful
predictor of student performance in the course, we suspect that it is an important factor that
impacts whether or not students choose to pursue physics. Students’ decrease in their physics
identity over the course of Physics 1 and Physics 2 is disconcerting and needs to be further
researched.

In Chapter 6, we report the results of a large-scale, randomized classroom study to test
the effectiveness of a self-affirmation intervention in reducing gender difference in performance
in Physics 1. In the course of this research, we hypothesized that identity threat may be inhibiting
females’ performance in the introductory courses. Researchers have demonstrated that identity
threat can be alleviated through self-affirmation. We find that the self-affirmation intervention
was successful in reducing the gender gap both in students’ in-class exam scores and their
conceptual post-test scores. The reduction in the gender gap was primarily due to affirmed
females’ increased performance compared to females in a control group. Further, the effect of the
intervention was moderated by students’ endorsement of the stereotype that men are expected to
do better in physics than women. There was a negative relationship between stereotype
endorsement and performance on exams and the conceptual survey for females, unless they had
completed the values affirmation exercise, in which case they were buffered from the negative
impact of stereotype endorsement. In addition to the results from the initial study, we also report

the results from a replication study. We did not find a statistically significant effect of the
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intervention on the gender gap in the replication study. We discuss implications of both the
original and replication study results for future implementations of the self-affirmation
intervention.

In Chapter 7, we summarize the findings across all chapters, discuss the implications of
these results, and recommend directions for future research. Taken all together, we find that there
are many factors that impact the gender differences in performance and retention in physics. The
model that we have built of student performance in the introductory physics courses includes
background cognitive factors, such as prior physics and mathematics understanding, prior
psychological factors, such as attitudes and beliefs about physics and students’ physics self-
efficacy, and social factors, such as gender and identity threat. In modifying classroom
environments and practices to increase the participation and performance of female students, all

of these factors need to be addressed.
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CHAPTER 2: GENDER DISPARITIES IN PHYSICS 1

I. Introduction

In this chapter, we seek to characterize the gender gap in introductory physics, and those
factors that are correlated with the differential performance at our institution. Identifying these
factors is a first step in clarifying the mechanisms by which the gender gap is established and
will lead to future work that guides interventions to address the disparity. We address the
following research questions: 1) On what measures do we observe differences by gender in the
introductory physics course, for example, conceptual learning, components of the course grade,
attitudes and beliefs, and prior knowledge and preparation? 2) Are measures of background
correlated with student performance in the course (as measured by a conceptual learning survey)
and correlated with gender? 3) To what extent do differences in males’ and females’
backgrounds contribute to the post-course gender gap in Physics 1?

We first summarize the prior findings on the benefits of interactive engagement for
student conceptual understanding, gender gaps in physics, and factors that influence student
performance in physics. We then outline the research methods that were used for this study
including a description of the Physics 1 course, the student population in this course, the
measures of performance and student background that were examined, and the sample of
students used in this study. We then present the results of our study in three sections,
corresponding to the three research questions set out above. We find that there are several
aspects of the introductory course in which we identify gender differences, including males’ and

females’ performance on a conceptual survey and course grades, prior physics and mathematics
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understanding, and their attitudes and beliefs about physics. When these differences in prior
understanding and attitudes are controlled for, meaning we only compare students with the same
background, the gender gap is reduced from about 11% to about 3%. The results indicate that the
gender gap exists in interactive physics classes at our institution, but is largely associated with
differences in previous physics and math knowledge and incoming attitudes and beliefs.
II. Background
A. Interactive Engagement

Prior research has consistently demonstrated the benefits of using interactive engagement
(IE) techniques during instruction [1,2,3]. Hake [1] defined interactive engagement methods as
those, “designed at least in part to promote conceptual under- standing through interactive
engagement of students in heads-on (always) and hands-on (usually) activities which yield
immediate feedback through discussion with peers and/or instructors,” [p. 65]. His survey of
traditional and interactive courses found that interactive engagement courses had average

normalized learning gains,

(g) - (post) —(pre)

100 - < pre> ’
almost two standard deviations higher than average gains in traditional courses. At the University
of Colorado, classes that use IE techniques [4,5] have average normalized learning gains on
conceptual assessments that range from 32% to 64%.
B. Gender Gaps in Physics

While the use of interactive engagement techniques has been shown to facilitate learning
for both males and females, some research has suggested that females may benefit more from an
interactive pedagogy than males [6,7]. Additionally, many of the recommendations made for

increasing the participation of females in physics and in the sciences [8,9,10,11,12] align with IE
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techniques. This suggests that using interactive engagement techniques may help reduce, or even
eliminate, gender differences in performance that have been observed in introductory physics
courses [13,14]. Indeed, this is what researchers at Harvard University found [14]. They
examined the pre- and post-course gender gaps on the Force Concept Inventory (FCI) [15] in
seven offerings of their introductory, calculus-based physics course for non-majors. This course
is about one-third female. The seven semesters in the study varied in their level of interactive
engagement. For the first semester, the course was taught using traditional, lecture methods. In
the next four semesters, the lectures incorporated Peer Instruction and ConcepTests [4], but the
recitation sections remained traditional with teaching assistants lecturing to students. In the final
two semesters of the study, Peer Instruction was used during the lectures, and recitations were
reformed to include small group work around the Tutorials in Introductory Physics [5] and
problem-solving sessions where students worked on Context Rich Problems [16,17]. Lorenzo, et
al. found that as the course became more interactive, the post-course gender gap decreased, to
the point that for the semesters in which all of the interactive engagement techniques were used,
the post-course gender gap was not statistically significant. This was the case despite a
significant pre-course gender difference in all semesters. In the fully interactive semesters, both
males and females had significant gains, but females had slightly larger gains, resulting in males
and females having about equal post-test scores.

Despite these encouraging results, elsewhere [13,18,19,20], the gender gap has persisted
despite the use of interactive engagement techniques. Docktor and Heller [19] report that over
forty offerings of their introductory, calculus-based physics course for scientists and engineers,
which uses Cooperative Problem Solving and Context Rich Problems [16,17], the average FCI

pre-test gender gap was about 15.3+0.5% and the post-test gender gap was 13.4+0.6%. Brewe et
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al. [20] compared post-course FCI gender differences for lecture courses versus courses that used
Modeling Instruction [21], a curriculum in which students are focused on building, validating,
and deploying scientific models. The pedagogy of the course includes several interactive
features, such as an emphasis on conceptual understanding, students working cooperatively in
groups, and the use of multiple representational tools. While both males and females had
significantly higher post-course FCI scores in the Modeling Instruction courses compared to the
lecture courses, the gender gap in post-FCI scores was higher for students in the Modeling course
than for students in the lecture course (20.2% versus 13.5%). While it is clear that IE methods
improve student learning gains, it is less apparent that IE techniques eliminate the gender gap.
C. Factors That Predict Student Performance

The fact that there is often a gender gap in the pre-test scores (before any instruction),
suggests that there are differences in preparation between male and female students when they
enter the introductory physics course, and we suspect these differences may contribute to the
persistence of the gender gap. Several researchers have investigated the background factors that
influence student performance in introductory physics. Hazari et al. [22] found that mathematics
preparation was a significant predictor of students’ college physics grade. Others have found an
influence of high school physics experience on college physics performance. Sadler and Tai [23]
find that taking a high school physics course is positively related to college physics course grade,
even when controlling for students’ self-reported academic and demographic background.
Furthermore, the pedagogy of the high school class is related to a student’s college performance.
Students who take high school classes that cover fewer topics in more depth have higher grades
in a calculus-based college course than students whose high school classes cover more topics in

less depth (the difference is almost a full letter grade) [24]. Affective factors, such as father’s
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encouragement and family beliefs about science, have also been shown to influence student
performance [22]. These studies have all focused on students’ course grades as the measure of
student performance. Less work has been done on the factors that influence student performance
on research-based conceptual learning surveys. As stated above, the curriculum and level of
engagement in the course influences student conceptual learning [13,14,20]. Meltzer [25] found
that while students’ conceptual pre-test scores were not correlated with their normalized learning
gains on the Conceptual Survey of Electricity (CSE), students’ pre-instruction 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 pre-test
scores or abilities to learn physics concepts.
II1. Research Methods
A. Course Description

The data in the following studies were collected from seven offerings (Spring 2004 to
Spring 2007) of the first semester, calculus-based introductory mechanics course (Physics 1) at
the University of Colorado. These are large-enrollment courses that typically have 400 to 600
students. Each semester was taught by a different instructor, and all seven instructors were male
[26]. Each semester included in the study will be identified by a code. All codes will have a form
similar to A1-2, where the letter represents the lead instructor, the 1 indicates that this is a
semester of Physics 1, and the 2 indicates that it is the second time that Professor A has taught
this course in the semesters included in our data set. All seven classes used interactive
engagement (IE) techniques, some to a higher degree than others. Each of the seven classes
employed student discussions around conceptual questions (Peer Instruction [4]) in lecture,

online homework systems [27], and voluntary help-room sessions on problem-solving
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homework. Four of the seven classes used Tutorials in Introductory Physics [S] and Learning
Assistants [28] during a one-hour per week recitation, while the remaining three classes held
more traditional recitation sections. There is no laboratory associated with this course. A more
detailed description of the course structure can be found in previous work [29]. We categorize
the three classes that held traditional recitation sections (Al-1, B1-1, and C1-1) as IE 1 (partially
interactive) and the four classes that used Tutorials during recitation sections (D1-1, E1-1, F1-1,
and G1-1) as IE 2 (fully interactive). Our definitions of IE 1 and IE 2 classes are similar, but not
identical, to the definitions used in prior studies [14]. For instance, implementations of IE 2
curricula at Harvard University included cooperative problem solving activities that were not
part of IE 2 courses at CU. Additionally, while we categorize classes as either IE 1 or 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 interactive engagement methods that are employed.
Though the curriculum looks the same, we know that how the curriculum is enacted can be very
different [30].
B. Student Population

The student population in the Physics 1 course is about one-quarter female. About half of
the students are engineering majors and about 20% are other science majors. Only about 6% of
the students who enroll in introductory physics are declared physics majors. There are some
differences in the distributions of student major for males and females, but the same percentage
of males and of females are physics majors, as seen in Table 1. Females are less likely than
males to be engineering majors, but about twice as likely as males to be other science or non-

science majors. Over 80% of the students are White, about 10% are Asian, and about 8% are
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African American, Hispanic, or Native American. There are only small differences in the

distributions of ethnicity by gender. These frequencies are presented in Table 1.

Table 1. Frequencies for gender, student declared major, and ethnicity for all students in the study, that is, students
who enrolled in introductory physics between Spring 2004 and Spring 2007.

Gender (N = 3728) %

Male 75.8

Female 24.2

Major (N =3728) % % of males % of females
Physics 55 5.6 5.2
Engineering 51.8 55.6 39.9
Other Science 18.1 14.1 30.5
Non-Science 9.9 8.4 14.6
Undeclared/Other 14.8 16.4 9.9
Ethnicity (N = 3514) % % of males % of females
Asian 8.9 8.1 11.5
African American 1.3 1.3 1.1
Hispanic 6.1 6.1 6.3
Native American 0.8 0.9 0.7
White 81.1 81.9 78.7
Foreign 1.7 1.7 1.8

C. Performance and Background Measures

Of primary interest in this study is to what degree males and females differ on measures
of background and preparation, and to what degree these differences contribute to the observed
gender gap. Conceptual performance, as measured by the Force and Motion Concept Evaluation
(FMCE) [31], serves as the focus of the study. The FMCE post-test score for each student is used
as a measure of the student’s conceptual knowledge of physics at the end of the semester. Only
students with matched pre- and post-test data are included (N=2099). Additional evaluation of
student performance in the course is captured by homework, exam, participation, and course
grades, which were collected from the instructor in each course.

While we can look at a variety of measures to assess student performance (post-test,
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normalized gain, course grades, etc.), we focus on the post-test as an objective measure of what
students know at the end of the semester. While normalized gain can also be used, we opt to use
the post-test as a measure of students’ physics knowledge after a semester of instruction, rather
than their gain in knowledge over the course of a semester. Several researchers have pointed out
that there are biases associated with using normalized gain [32,33]. Course grades are subjective
and measure more than just performance on a single instrument. Prior work has mostly focused
on subjective measures of student performance and the self-reported backgrounds of students.
Data have been gathered (from university records [34]) on students’ background
knowledge and their preparation for college physics. Prior academic performance is captured by
students’ high school GPA, while the FMCE pre-test is used to measure students’ prior
conceptual understanding of physics. Four mathematics tests are combined to form a measure of
students’ prior knowledge of mathematics. The four tests include the SAT-Math, the ACT-Math,
and two diagnostic exams that are given to students before their freshman year at CU. One
diagnostic exam (denoted APPM test) is given through the Applied Mathematics department to
students in the College of Engineering and Applied Science. The second exam (denoted
ASMATH test) is given through the Mathematics department to students in the College of Arts
and Sciences. Both diagnostic exams are used to help place students in the appropriate math
course and do not count towards any course grade. Scores on each of the four tests were similarly
correlated with the FMCE post-test (0.3 < » < 0.4), and were also highly correlated (0.5 < r <
0.7) with each other. To get a measure of prior math knowledge for almost every student and to
avoid having multiple variables that contained the same information, the scores on the four tests
were combined. The scores for each test were first normalized (converted to z-scores [35]). Each

student’s normalized scores were averaged to get a combined measure of mathematics
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knowledge. Each student’s combined math score is a composite of whichever of the four tests
that the student took. 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 physics and about learning physics. Attitudes and beliefs are measured
by the Colorado Learning Attitudes about Science Survey (CLASS) [36]. 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 % favorable and a % unfavorable score on each category. Favorable
pre-test scores on each category are used as measures of students’ 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.

We note that the 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 these
instruments may be measuring more, such as test taking ability, and may differ by gender. In
particular, McCullough [37] found that by changing the context of questions on the FCI to
gender neutral or female contexts, male and female students responded differently. Other
researchers identified differences in how students responded on the FCI when asked to mark the
answer that they believed and the answer they thought scientists would give. Females answered

differently in each case more often than males [38]. Still others have pointed out that the format
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of questions that are typically asked in physics classes (multiple choice questions) may
disadvantage females [39]. While these studies question the validity of these instruments, we
note: a) we are using the standard measures that have been adopted by the community and b) we
are analyzing shifis on these instruments, which allows us to normalize students against
themselves.

The current study aims to identify several prior factors that influence student performance
on a research-based mechanics conceptual learning instrument using data collected from
university applications for students in an introductory, calculus-based physics course.

D. Study Sample

The FMCE is administered in the first and last weeks of class during recitation, and only
those students who attend both weeks take the pre- and post-FMCE. As a result, we explore the
possibility of sampling bias. Of the 3,728 students who took introductory physics during the
semesters included in this study, 2,099 students (56%) took both the pre- and post-FMCE.
Comparing the populations who did and did not take the FMCE, we find that females were more
likely to take the FMCE than males: 63% of females versus 58% of males took the FMCE. The
course grades (on a scale from 0.0 to 4.0) for males and females in each group are shown in
Table 2. Not only are the average course grades of students who take the FMCE higher, but the
gender gap in course grades for this group is smaller than for those who do not take the FMCE.
By focusing on the FMCE as a measure of learning, we limit the sample of students included in
the analysis and exclude primarily those with lower course grades. Also, the smaller gender gap
in course grades among those who take the FMCE suggests that we may be underestimating the

gender gap.
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Table 2. Average course grades for males and females who did and did not take the FMCE. Course grades are on a
0 to 4.0 scale [40].

Males Females Differences
N Mean SD N Mean SD M-F p value
Students without FMCE 1152 2.14 1.2 315 1.89 1.1 0.25 0.001
Students with FMCE 1566 2.82 0.8 533 2.74 0.8 0.08 0.086

IV. Results

We present the results in three sections, corresponding to the three research questions that
we seek to answer in this study: 1) Can we identify gender differences in the introductory
physics course? 2) Are measures of student background correlated with student performance in
Physics 1?7 and 3) Can differences in student background account for the gender gaps in student
conceptual performance?

A. Identifying Differences By Gender
1. College Course Performance Differences

We are first interested in whether interactive engagement methods can reduce or
eliminate the gender gap at our institution [41]. Figure 1 presents the average pre- and post-
FMCE gender gaps for partially interactive and fully interactive courses [42]. The pre-test gender
gaps are statistically equal for partially and fully interactive courses [#(2098)=1.17, p=0.24].
However, the post-test gender gap is significantly smaller for fully interactive courses than for
partially interactive courses (14% versus 8%) [#(2098)=2.27, p=0.02], but it has not been
eliminated [43]. Similar gender gaps are found when looking at normalized learning gains. For
both partially and fully interactive courses males have a higher average normalized learning gain
than females, although the difference between males and females is smaller for fully interactive

courses.
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Figure 1. Pre- and post-test gender gaps (<S>, — <S>p) for partially and fully interactive courses. Student
performance on the FMCE is averaged over three semesters (partially interactive) and four semesters (fully
interactive). Error bars represent the standard errors of the mean. There is no statistically significant shift in the
gender gap for either partially or fully interactive courses.

Figure 2 presents the pre- and post-test gender gaps for each semester included in the
present study. A different instructor lectured during each of the seven semesters. Counter to
previous findings [14], we find that the size of the post-test gender gap is not independent of
instructor. There is some consistency within the IE 1 and IE 2 courses. In all three IE 1 courses
the gender gap increased (though not significantly) from pre- to post-test. In three of the four IE
2 courses, the gender gap decreased (though not significantly). But there is one IE 2 class
(Semester EI-1) in which the gender gap increased. These findings suggest that the
implementation of a fully interactive curriculum alone is not enough to eliminate, or even reduce
the gender gap. It appears that the manner in which courses are implemented is significant [30].
Furthermore, the way in which the curriculum is enacted may appear to impact the gender gap,
however we find (below) in these cases that differences in the gender gap from semester to

semester can largely be accounted for by background differences of the students.
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Figure 2. Gender gaps (<S>, — <S>p) in each semester. The data represent seven different instructors and over
2000 students. Error bars represent the standard errors of the mean.

As reported above, females have lower normalized learning gains than males, meaning
that females learn a smaller percentage of what they did not already know coming into the
introductory course. In addition to looking at normalized learning gain, we also look at male and
female average absolute gain (G=post—pre). The average absolute gain for both males and
females is statistically significantly higher in IE 2 courses than in IE 1 courses [males:
#(1564)=4.31, p<0.01; females: #(531)=4.33, p<0.01], but in neither pedagogical approach is the
difference between average absolute gains for males and females significantly different [IE 1:
#(788)=1.62, p=0.11; IE 2: #(1307)=-0.96, p=0.34]. In IE 1 courses, the average gain of males and
females is Gy = 32% and Gr = 29%. In IE 2 courses, the average gain of males and females is
Gy =37% and Gr = 39%. In three of the four IE 2 courses females had larger average absolute
gains than males, while in all three IE 1 courses females had lower average absolute gains than

males, though none of the differences was significant. Some have suggested that absolute gain
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may be a more appropriate way to assess learning [44]. We observe that in terms of absolute
learning gain, there is no statistically significant gender difference in any individual course or
across all courses.

Course grades were examined to determine if males and females perform differently on
course grades or any components of the course grades. For each of the seven semesters of the
mechanics course males’ and females’ scores are averaged on homework, participation, exams,
and total course grade. In all of the introductory courses exams make up 60% to 65% of the
course grade, homework counts for 25% to 35%, and participation makes up the remainder. The
difference between the average male and female’s scores in each component (<§>;, — <S§>p) is
calculated for each class. These differences for each semester, along with the average differences
across all semesters, are shown in Table 3. For several courses the participation grade was

included in the homework grade and could not be extracted.

Table 3. Analysis of students’ course grades. Each column contains the difference between the average scores for
males and females (<S>, - <S>F). Error (shown in parentheses) is computed from the standard errors of the mean
for males and females added in quadrature. The * indicates the gender difference is statistically significant at the
p<0.05 level (via two-tailed #-test).

Participation (%) Homework (%) Exams (%) C(Zl;rts :cca}lz I)A
Semester Al-1 -5.0(2.0) * 34(1.2) * 0.11 (0.11)
Semester B1-1 -4.8 (1.8) * 3.7(1.6) * 0.10 (0.11)
Semester C1-1 -5.0(2.0) * 6.3(1.5)* 0.10 (0.10)
Semester D1-1 -6.6 (1.6) * -7.6 (1.9) * 49 (1.6) * 0.04 (0.10)
Semester E1-1 -4.9(1.8) * -2.9(1.9) 52(1.5)* 0.17 (0.11)
Semester F1-1 -8.1(1.8)* -2.0 (2.0) 4.8 (1.6) * 0.15 (0.12)
Semester G1-1 -3.0(1.6) -3.0(2.0) 33(1.4)* 0.06 (0.11)
Average -5.6(0.9) * -4.5(0.8) * 4.5(0.6) * 0.11 (0.04) *

There was no significant gender difference in total course grade in any individual course
of the seven semesters in the study. Males outscore females by about 5 percentage points on

exams and females outscore males by about 5 percentage points each on homework and
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participation. These differences offset one another and result in course grades that are not
significantly different. Because of the consistent gender gap observed from semester to semester
we find the difference in overall course grades of males and females is statistically significant,
when averaging over all seven semesters.

In addition to looking at performance, 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. Developers of the CLASS identified gender differences on almost half of the
statements, and found that on average, females were less expert-like in their beliefs than males at
the end of an introductory, calculus-based physics course [36]. Here, we present the average
shifts (post — pre) for males and females overall and in each category for six semesters of the
introductory, calculus-based physics course [45]. Shifts indicate how much students’ attitudes
and beliefs have changed from the beginning to the end of the semester. As Figure 3 shows, all
of the shifts are negative, indicating that both males and females shift towards less expert-like
beliefs about physics over the course of the introductory physics class [46]. In addition, females
have more negative shifts than males overall and in each category. The difference in shifts is
significant [#(1897)>2.23, p<0.03] for the three problem solving and two conceptual categories,
and the gender difference in shifts are marginally significant overall [#(1897)=1.94, p=0.05] and
in the real world category [#1897)=1.85, p=0.07]. Females have pre-test scores that are similar
to or lower than males’ pre-test scores in each category (as shown in parentheses in Figure 3), so
the larger negative shifts result in an increase of the gender gap in CLASS scores from pre- to

post-test in all categories.
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OFemales 7 Category (F pre, M pre)
OMales = [ Overall (64, 66)
. — —F= ] Personal Interest (62, 70)
L ] Real World (72, 74)
= —= ] * PS General (70, 72)
S =— T — ] * PS Confidence (69, 74)
— —F= ] * PS Sophistication (55, 60)
l_I_,_||_| ] Sense-Making (72, 72)
= —= _ * Conceptual (63, 62)
= —= ] * Applied Conceptual (50, 52)
-18 -16 -14 -12 -10 -8 -6 -4 -2 _O 2

CLASS Favorable Shifts (%)

Figure 3. Average shifts (post — pre) for males and females on each of the CLASS categories. Note that all shifts are
negative, meaning both male and female students shift toward less expert-like attitudes and beliefs about physics.
The * indicates that the difference in shifts for males and females is significant (p<0.05). Values in parentheses are
female and male average pre-test scores. Females have more negative shifts in each category than males.

The same trends exist for the shifts in IE 1 courses and IE 2 courses separately. Females
always have more negative average shifts than males in both pedagogical approaches. There are
very few significant differences when comparing IE 1 to IE 2 courses for males and females
separately. Aside from some small differences, partially and fully interactive courses have
similar (negative) influences on students’ attitudes and beliefs about physics.

2. Academic Background Differences
In the previous section we reported observed differences between males’ and females’

performance during the introductory physics course. Here, we examine the background and
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preparation of males and females. Male and female averages for each of the background
variables collected are presented in Table 4. 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 estimates we have
of the values for all students who enroll in introductory physics.

Males significantly outperform females on both the SAT-Math and ACT-Math tests.
Surprisingly, there are no gender differences on either of the CU diagnostic exams that are given
at the beginning of freshman year. Because of the differences in SAT and ACT scores, there is a
significant difference between the average combined math score of males and females.

Females have a higher average high school GPA than males by about 0.2 points. On
average females take less high school physics than males, but they take about the same amount
of high school calculus. These same data can be represented another way by looking at the
percentage of males and females that have at least one year of high school physics and calculus.
From Table 5, 89% of males and only 80% of females in introductory physics completed at least
one year of high school physics. Only small percentages, 16% of males and 11% of females,
took two years of high school physics. There are only minor differences in the fraction of males
and females who take high school calculus; 67% of males and 70% of females took at least one
year of high school calculus. It is interesting to note that both males and females are more likely

to take high school physics than to take high school calculus.
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Table 5. Percentages of males and females that have taken high school courses in calculus and physics. The *
indicates that the difference in percentages is significant via ” test, p<0.01.

% of Males % of Females
1 yr. HS Physics* 88.7 79.7
2 yrs. HS Physics* 15.5 10.7
1 yr. HS Calculus 67.3 69.9

B. Correlation of Student Background with Student Conceptual Performance

We have identified several aspects of the introductory physics course in which gender
differences exist: conceptual surveys, course grades, attitudes and beliefs, and student
background and preparation. The next step is to determine which, if any, of the student
background factors are correlated with student performance on the conceptual survey, and could
therefore be contributing to the gender gap in observed post-test scores.

We first ask: do differences in male and female average post-test scores exist when
students are grouped according to their pre-test score? If males and females with similar pre-test
scores have different post-test scores, then there would be evidence that despite equal
performance on measures of background physics knowledge, there is differential learning by
gender. Students are binned by their FMCE pre-test score (each bin contains about equal
numbers of students, N~420), and then the average FMCE post-test score is calculated for males
and females in each bin. The results are plotted in Figure 4. The same trends that are described

below exist for a range of reasonable bin sizes.
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Figure 4. Average FMCE post-test scores for females and males with matched FMCE pre-test scores. The
percentages above each bar represent the percentage of the males (or females) from the total in each bin. The error
bars represent the standard error on the mean. There are no significant differences between males and females in any
individual bin.

Students who have similar pre-test scores have similar post-test scores, regardless of
gender. There were no statistically significant differences [#’s>1.87, p’s>0.15] in any individual
bin, i.e. between males and females who scored similarly on the pre-test. Though the differences
in each bin are not significant, males consistently score higher than females in all bins. We also
see a correlation (7=0.56) between FMCE pre- and post-test scores. These same trends exist for
each individual semester.

Though a similar number of students is in each bin, a higher percentage of the females
fall into the low pre-test bins. The percentages above each bar in the plot (Figure 4) represent the
percent of the males, or females, who fall into that bin. 58% of females versus 35% of males fall
into the lowest two pre-test bins, while 22% of females versus 44% of males fall into the highest

two pre-test bins. Thus, a dominant source of the observed gender difference (from Figure 2) is
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attributable to the low pre-test scores of females combined with the correlation between pre- and
post-test scores.

The same trend exists for normalized learning gain and absolute learning gain; students
with similar pre-test scores have similar normalized and absolute gains, regardless of gender. We
also see a correlation, albeit weaker (7=0.3), between FMCE pre-test score and normalized gain,
and a correlation (r=-0.2) between FMCE pre-test score and absolute gain. Furthermore, the
results look the same whether students are in IE 1 or IE 2 courses.

To determine if taking high school physics influences the pre- and post-FMCE scores, we
examine males and females who did and did not have a high school physics course. The results
are presented in Table 6. Looking first at the pre-test, students who had taken high school
physics score significantly higher than students who did not have high school physics [males:
#(1412)=5.48, p<0.01; females: #460)=4.69, p<0.01]. The difference is greater for males than for
females. The gender gap for students who took high school physics is about 10 percentage
points, while the gender gap for students without any high school physics is only about 4
percentage points. The gender gap on the post-test for those students who take high school
physics is 9 percentage points, statistically the same as the pre-test gap. But, for students who
had no high school physics, the gender gap on the post-test is 16 percentage points (significantly
larger than the pre-test gap). Similar to the pre-test, those students who took high school physics
had higher average post-test scores than those students who did not [males: #(1412)=2.12,

p=0.03; females: #460)=4.51, p<0.01]. But, the gap is larger for females than for males.
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Table 6. Average FMCE pre-test scores for males and females who did and did not take high school physics. The *
indicates that the difference is statistically significant at p<0.01.

FMCE Pre-test FMCE Post-test
Males Females M-F Males Females M-F
Had HS Physics 335 23.9 9.6 * 68.0 58.9 9.1*
No HS Physics 20.2 15.8 4.4 * 60.7 449 158 *
Phys. — No Phys. 133 * 8.1%* 73 % 14 *

C. Estimation of the Impact of Student Background on the Gender Gap
1. Multiple Regression Analysis

Having identified several background variables that are correlated both with gender and
with student performance on the FMCE, the next step is to model the post-test scores using
multiple regression [47]. However, due to the nature of our data, we cannot strictly interpret the
statistical significance of the results, as they are likely to be biased. Because of ceiling effects,
non-normal data, heteroskedasticity, and non-random sampling [48], our data do not meet the
strict assumptions of multiple regression that allow for unbiased interpretation of statistical
significance. We can, however, use the regression analysis to describe the patterns in our data,
without needing to meet the assumptions of multiple regression [49]. The results of the multiple
regression analysis will describe the relationship 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 a male and female with all background variables being equal. In
this way, we will determine how much of the gender gap can be accounted for by factors other
than gender.

The post-test scores are modeled according to the equation,

N
FMCEPOST = b, +b, x FEMALE + Y b, x VAR,

k=2
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where FMCEPOST is the post-test score on the FMCE, FEMALE is a dummy variable that is 1
for females and 0 for males, and VAR, are the other background variables that are included in the
model and any cross terms between FEMALE and the other background variables. The by are the
coefficients for each term, and the multiple regression analysis gives estimates for these
coefficients. The coefficient of the FEMALE variable (b;) gives the difference between a male’s
and a female’s scores, all other factors being equal. It is this coefficient that we are ultimately
interested in.

We are modeling students’ FMCE post-test scores rather than their absolute or
normalized 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 R? (the
fraction of variation in post-test scores that is accounted for by the variables in the model), and to
a lesser degree, the significance of variable coefficients (although as mentioned above, the p
values may be biased).

As stated above, not all data were available for all students. This being the case, only a
subsample of the students who took the introductory course was used in the multiple regression
analysis. Recall that only 2,099 of the 3,728 students who enrolled in introductory physics
between Spring 2004 and Spring 2007 took the FMCE pre- and post-tests. Of these 2,099
students, complete data [50] were available for 1,027 students. These 1,027 students make up the

sample used in the analysis. It is important to keep in mind that the sample used in this analysis
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is not representative of all students who enroll in introductory physics. The percentage of
females in this sample is 29%, which is higher than the 24% for the population. It appears that
females are more likely to take voluntary surveys (such as the FMCE and CLASS) which results
in a slight oversampling of females. Also, the average course grades of females and males are
higher for students in this sample than for students not in the sample. We again point out that by
looking only at this sample of students we may be underestimating the gender gap. Furthermore,
the results that we report below apply only to students in the sample, and cannot be extrapolated
to describe students not in the sample.

The results of the multiple regression analysis are shown in Table 7. Four models are
reported, starting with a bivariate model that includes only gender, and then additional variables
are added in each successive model. The table contains the coefficient estimates (by) for each
model as well as the model level statistics. The variables entered in each successive model are
not only significant, but they increase R* substantially (the additional variance explained by each
model is significant via F-test at the p<0.01 level). The R? for the final model is 0.44, such that
the variation in the independent variables explains 44% of the variation in post-test scores.

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 10.7 points. This is just the average difference in
post-test scores between males and females in this sample. In Model 2, several covariates that are
correlated with the post-test are added. When previous physics knowledge (FMCE Pre-test),
previous math knowledge (Combined Math Score), and previous attitudes and beliefs (CLASS

Pre-test) are controlled, the gender difference drops to 4.3 points. Already, there is a substantial
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reduction in the gender difference once previous physics and math knowledge and attitudes and

beliefs are accounted for.

Table 7. Coefficient estimates and model level statistics for each multiple regression model.

Model 1 Model 2 Model 3 Model 4
Model-level Statistics
Multiple R 0.03 0.42 0.42 0.44
F statistic p-value <0.001 <0.001 <0.001 <0.001
Residual Standard Error 27.3 21.2 21.1 20.9
Predictors by by by by
Intercept 67.2 29.8 31.5 329
Female -10.7 -4.3 -10.0 -9.2
FMCE Pre-test 0.63 0.59 0.59
Combined Math Score 7.4 7.2 7.2
CLASS Pre-test 0.25 0.24 0.26
Semester A1-1 (IE 1) 1.3
Semester B1-1 (IE 1) -5.6
Semester C1-1 (IE 1) -8.7
Semester E1-1 (IE 2) -2.9
Semester F1-1 (IE 2) -0.93
Female x FMCE Pre-test 0.23 0.20

When regressing post-test on pre-test for males and females separately, we observe that
the two regression lines have different slopes. Model 3 includes an interaction term that allows
the slope of the FMCE pre-test variable to differ for males and females. This term is the product
of the two variables FEMALE and FMCEPRE. Since FEMALE is 0 for males and 1 for females,
the interaction term is O for all males and is equal to the pre-test score for all females. The
inclusion of the interaction term in the model suggests that the pre-test score differently predicts
the post-test score for males and females. The interaction term also needs to be taken into
account when estimating the gender difference. The gender difference now depends on the pre-

test score.
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To get a final estimate of the gender difference, we turn to Model 4. In this model,
variables are added to take into account the semester that students took introductory physics.
Controlling for semester is important for two reasons. First, by including a variable that controls
for the semester that they 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 happen by semester
which contribute to the post-test scores. Although 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 differences once other prior factors are accounted for. The base
case in Model 4 is semester G1-1 (meaning there is no variable included for this semester). This
means that the coefficients of each semester variable give the average difference between
semester G1-1 and that semester, after all other variables have been accounted for. For example,
controlling for pre-test, math knowledge, and attitudes and beliefs, the average difference
between semester G1-1 and semester C1-1 is about -8.7 points. Note that some of the differences
are substantial, suggesting that even though the courses look similar according to the curriculum,
how the curriculum is enacted may differentially influence whether students learn [30].

With Model 4, a final estimate of the difference between a male’s and a female’s post-test
scores, controlling for several other factors, can be estimated. This difference is given by

M-F =92-02x FMCEPRE .
The average pre-test score for this sample is 30.3. The gender difference for a male and a female
with the average pre-test, and all other variables equal, is 3.2 points. This is a substantial

reduction from the 10.7 point difference that is observed just by subtracting the average male and
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female post-test scores. Controlling for student background, we account for 70% of the observed

gender gap. The effect size,

<p0st>M - <p0st>F
SD

post

ES =

2

where SD, 1s the standard deviation for all students, went from 0.39, when no background
variables were controlled, to 0.11, when measures of student background are controlled.

The resulting expression for the gender gap predicts that for males and females with pre-
test scores above about 45%, the gender gap reverses sign. Females with pre-test scores greater
than 45% are predicted to have higher post-test scores than males with the same pre-test. While
this result is encouraging, we need to be cautious. There are very few data for students with pre-
test scores above 45%, especially for females. Only 8% of the females and 20% of the males in
the sample have pre-test scores greater than 45%. Because there are not many data for students
with higher pre-tests, we cannot be sure that the predictions made in this region are accurate. The
same can be said for very low pre-test scores. Only 10% of the students have pre-tests lower than
10%.

Excluded Variables

While the final model includes many variables that one might suspect would influence
post-test scores, there are several variables that are not included. All of the variables listed above
(Table 1 and Table 4) were included in the analysis, but none were found to contribute
significantly to the model beyond those variables already included in Model 4. Looking more
closely at some of the variables that are not included in the final model offers additional
information.

Years of high school physics was somewhat correlated with the post-test (=0.2), but was

also correlated with the pre-test (+=0.3). For this reason, we suspect that years of high school
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physics and the pre-test were contributing some of the same information about the post-test
score. Because the pre-test was more highly correlated with the post-test (#=0.6), we chose to
include that in the model over years of high school physics. In addition, others have pointed out
that the specifics of the high school physics class are important [22,23,24], and that information
may have been more useful in the model than just years of high school physics. Similar
conclusions were drawn about years of high school calculus and the combined math score. There
is not very much variation in high school GPA (M=3.7, $D=0.3), as only students who were
admitted to CU and who took an introductory physics course are included. We suspect that the
lack of variation in GPA and its low correlation with post-test score (=0.1) made it less likely to
be a useful predictor of post-test score.

Students’ declared major also was not a significant predictor of post-test score. This
suggests that after accounting for background differences, there is no difference in the post-test
scores of students by major. We also found that ethnicity was not a significant predictor. We
suspect that this is largely due to the small numbers of minority students who enroll in the
physics course at CU, which makes it difficult to accurately estimate the influence of ethnicity on
post-test score.

There were also several interaction terms that we attempted to include in the model.
Notably, we included an interaction between the variable FEMALE and each semester variable.
None of these interactions was significant, meaning that the gender gap was the same in each
semester after controlling for previous knowledge and attitudes. This suggests that differences in
the post-test gender gap from semester to semester (Figure 2) can be accounted for by
differences in students’ previous knowledge and attitudes. Interaction terms between gender and

combined math score and between gender and CLASS score were also included, but neither
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contributed to the post-test score. This suggests that math score and CLASS score equally impact
the post-test score for males and females.
2. Logistic Regression Analysis

The previous multiple regression analysis gave us only a description of the data. Another
way to analyze the data, which will allow for interpretation of the statistical significance of the
results, is to use logistic regression analysis [51]. Logistic regression is used when the outcome
variable of interest is a categorical variable rather than a continuous variable, for example,
passing or failing rather than a raw score. While using this method allows us to make statistical
claims, we lose the ability to predict students’ actual post-test score and can only predict whether
they will score above some threshold. What is gained in statistical specificity is lost in richness
of the data analyzed. To model the data using logistic regression, the FMCE post-test variable is
converted into a categorical variable (with any reasonable number of categories). The analysis
was run for several threshold values (20%, 40%, 60%, 80%) and also for several numbers of
post-test categories (2, 3, 4, 5). The results were similar for all threshold levels and number of
categories, so we present the results for a threshold of 60% and two post-test categories here.

The frequencies of males and females who score above and below 60% on the FMCE
post-test are presented in Table 8. Note that we are using the same sample of 1,027 students that
was used in the multiple regression analysis above. We observe that 64% of the males and 49%
of the females scored above 60% on the post-test. This difference in percentages is significant
(x> (1, N=1027)=22.03, p<0.01). Males and females are not equally likely to score above 60%. A
gender gap is present in this new measure of student physics knowledge at the end of the course.

This difference is the gender gap that we are concerned with in the logistic regression analysis.
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Table 8. Percentages of males and females who score above and below 60% on the FMCE post-test. These are the
percentages for the sample of 1,027 used in the logistic regression analysis. The difference in percentage of males
and females that score above and below 60% is significant (p<0.01).

Males Females
FMCE post-test > 60% 64.3% 48.5%
FMCE post-test < 60% 35.7% 51.5%

In logistic regression, rather than modeling the raw dependent variable, the logarithmic
odds of the dependent variable is modeled. In this context, odds is defined [51] as the probability
of an event occurring divided by the probability of an event not occurring. The post-test data are

modeled according to the equation,

N
In(odds(FMCEPOST > 60%)) = b, +b, x FEMALE + Y. b, x VAR, .

k=2
Given that the gender gap in this analysis is the difference in odds of scoring above 60% for
males and females, we are interested in whether the difference in odds can be explained by
factors other than gender. To determine the difference in odds, we are again interested in the
coefficient of the FEMALFE variable, b;. The odds for a male and a female, all other variables
being equal, are related according to the equation,
odds, =e" x odds,, .

The logistic regression analysis estimates the coefficients of each variable (as in the multiple
regression analysis), which then allows a prediction of each student’s odds of scoring above

60%. In each model we are interested in 1) whether the coefficient of FEMALE is significantly

different from zero (as indicated by the p value) and 2) whether e” is less than, greater than, or

equal to 1. The results of the logistic regression analysis are shown in Table 9. For each model

the coefficient estimates (b;) and p values are given, as well as an evaluation ofe” . Only gender

is included in Model 1. In this model, the coefficient of FEMALE is significantly different than
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zero (p<0.01), and we see that the odds of a female scoring above 60% are about half the odds of
a male scoring above 60%. Just as in multiple regression, when only gender is included in the
model, the predicted difference between males and females is just the observed difference.

In Model 2, covariates of the post-test are controlled for, including prior physics and
math knowledge and prior attitudes and beliefs. In this model, the coefficient of FEMALE is not
significant (p>0.1), meaning the odds of scoring above 60% for a female are not statistically
different than the odds for a male, holding all other variables constant. A male and a female with
the same background (as measured by the prior factors included in the model) are equally likely
to score above 60% on the post-test.

The interaction term between the pre-test and gender was included in Model 3 [52].
Unlike the results using multiple regression, here there is no significant interaction between prior
knowledge and gender (p=0.45). The pre-test has the same effect on whether students score
above 60% on the post-test for both males and females. Because the interaction term is not

significant, we do not include it in Model 4.
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Again, the semester variables are included in Model 4. Note that including the semester
variables doesn’t have a substantial impact on the coefficient of FEMALE, it remains
insignificant, but it does allow us to compare odds of students across semesters. The base case is
again semester G1-1. Just as with the multiple regression analysis, there are some semesters
(semesters B1-1 and C1-1) in which the odds of scoring above 60% are significantly different
from the odds in semester G1-1. This regression analysis only allows for statistical comparison
between semester G1-1 and the other semesters. Repeating the logistic regression analysis with
all of the other semesters as base cases, we find that the odds in semesters B1-1 and C1-1 are
statistically equal to one another, but statistically different from the other four semesters. The
odds in semesters Al-1, E1-1, F1-1, and G1-1 are all statistically equal once prior factors are
accounted for. Again, even though prior factors are accounted for, there are still statistically
significant differences between some semesters.

With semester differences accounted for, the final estimate of the relationship between
the odds for a female and the odds for a male, holding all other variables constant, is

odds, =0.8 x odds,,.
This is smaller than 1 (but not statistically different from 1), meaning that the odds for males and
females are statistically equal. By accounting for student background, the factor relating the odds
of males and females has gone from 0.5 to 0.8. Using logistic regression and controlling for
student background, we account for 60% of the observed gender gap in odds. The gender gap in
odds can be largely accounted for by prior physics and math knowledge and prior attitudes and

beliefs.
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Limitations of the Study

The variance explained by the final models is about 45% of the variance in post-test
scores [53]. There may be other prior factors that we have overlooked that could be important in
helping to explain the post-test score and could contribute to the gender gap. Notably, we have
not included any variables that characterize students’ motivations, study or learning habits, or
their reasons for being in the class. Socioeconomic status is a demographic variable that was not
included in the model. A proxy for socioeconomic status (financial aid information) was
available, but only for those students who applied for need-based financial aid, which was too
limited a sample to include in the analysis. There are also other aspects of students’ background
that were not included (other high school courses, grades in high school courses, other
components of standardized tests, etc.). As mentioned above, there are specific aspects about
how a faculty member implements the curriculum that have not been accounted for. Only an
overall semester variable was included, which does not contain more detailed information about
how the curriculum was implemented.

There are limitations in the applicability of these regression results to the entire
population of students in the study. The sample of students used in the regression analyses is
only about 30% of the students that enrolled in introductory physics during the semesters
included in the study. We reiterate that although the students in the sample are different from the
population of all students, by using this sample of mostly high performing students (in terms of
course grades) and given the larger gender gap in course grades among the students not in the
sample, it is possible that we are underestimating the gender gap of all students.

Finally, there are potential limitations due to the reliability of the instruments that were

used to assess learning and prior knowledge. While our attempts to examine shifts in student
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performance allow us to normalize students against themselves, the broader scale concerns about
gender-based biases, such as stereotype threat [54], still remain. Some hint of test-taking being a
factor that differentially impacts female performance is the data on student grades. Consistently
the males outperform the females on exams while females outperform males on homework and
other course components.

V. Discussion and Conclusions

While the differential performance of male and female students is now well documented,
the sources of the gender gap and routes to addressing this disparity have been less well
understood. By examining the performance and background of nearly four thousand students
who took introductory physics at the University of Colorado, we begin to understand the sources
of and possible solutions to this challenge. Our present studies find that the gender gap exists
well beyond measures of student conceptual learning. Student grades vary by gender, both in
overall scores and by course component. We observe that males and females have different shifts
over the course of the semester in their attitudes and beliefs about physics, suggesting that males
and females are experiencing the same course in different ways. The physics and mathematics
background and preparation of students coming into our courses also varies by gender.

In taking a closer look at the gender gap in measures of conceptual performance, we
observe that the pre- and post-test gender gaps are not consistent from semester to semester.
Although the regression analysis suggests that these differences in the gender gap from semester
to semester can be accounted for by background, differences in the average post-test score of all
students from semester to semester are present even after controlling for student background.
Given that there is relative consistency on the large scale in these courses, it appears that

instructor differences, the course specifics, the way in which the curricula are implemented, and
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potentially, the fine-grained choices that are made with regard to content and course structure
impact the overall performance of all students. While we observe differences in males’ and
females’ post-test scores and in their normalized gains, we find no significant differences in
average absolute gain on these measures of conceptual learning in any semester or overall. If
learning is defined by absolute gain, rather than normalized to prior knowledge, there is no
gender gap.

Several of the background measures correlate with student performance on the FMCE
post-test, suggesting that part of the gender gap may be attributed to differences in student
background. In particular, when we bin students by pre-test score, we find no difference in post-
test scores between males and females with similar pre-test scores. This is not the case when
only taking into account whether or not students took high school physics. The gender gap in
post-test scores is present both between males and females who did take high school physics and
those who did not. Furthermore, the gender gap is exacerbated for those students who did not
take high school physics. While controlling for whether students take high school physics does
not account for the observed gender gap, our data suggest that differences in students’ pre-test
scores and other measures of student background may account for a substantial fraction of the
gender gap.

Both the multiple regression and the logistic regression models confirm this
interpretation, showing that a majority of the gender gap can be accounted for by factors other
than gender, explicitly. From the multiple regression analysis we find that only 3 points of the 11
point gender gap can not be accounted for by background factors. From the logistic regression
analysis we find that the odds of a male and a female scoring above 60% on the post-test are not

statistically different once background factors are accounted for. Taken together, the results of
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these models suggest that the persistence of the gender gap is due in large part to differences in
males’ and females’ preparation and background coming into the introductory course, and not
explicitly due to their gender.

In one sense, it may be interpreted that gender does not play a role in measures of student
achievement — the variation in FMCE post-test score may be attributed to other variables,
notably pre-test score, student beliefs, and math achievement. For a given semester, male and
female students make statistically indistinguishable grades. Such a stance would suggest that
there is no explicit gender bias in the classes observed. Both males and females show learning
gains from pre- to post-test. Nonetheless, in these classes we observe a gap in performance by
gender and observe instances where over the course of instruction, this gap is increased.

Another interpretation is that of implicit bias — that is, those components of a class that
are most heavily weighted and essential for success disproportionately favor male students.
While course grades are statistically neutral overall for a given semester, male students are more
likely to score higher on exams (which are weighted more heavily in a typical class). Further,
over all semesters we find a small but significant difference in overall course grades. While the
classes studied are introductory courses with no expectation of prior knowledge of physics, those
students who arrive to the class with greater background knowledge (higher pre-test scores) are
more likely to achieve high post-test scores and greater normalized learning gains. The class
favors those students with stronger physics and math backgrounds — in this case, male students.

Such an arrangement of a class (or any social environment) plays to certain student
backgrounds and when those backgrounds are correlated with particular demographic groups, it
demonstrates bias. That is not to say this is an explicit or purposeful bias, but rather one that is

the codified structure of systemic cultural bias [55]. Tatum refers to this as a “smog of bias” [56]
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and others to the privileged preparation of some group (at the expense of others) as an
“accumulated advantage” [57]. Recognizing that student preparation in physics or mathematics is
a means by which this bias is propagated allows us as researchers and educators to proactively
address the challenges of the gender gap in physics. Simply enacting research based reforms, or
supporting current practices (the status quo) may improve aggregate student learning gains, but
may also be promulgating the disparity of performance and lack of equity in our educational

system.
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CHAPTER 3: GENDER DISPARITIES IN PHYSICS 2

I. Introduction

In the current study, we continue our work in characterizing gender differences in
participation and performance by examining the second-semester, calculus-based electricity and
magnetism (E&M) course. This course is particularly interesting as fewer students (male or
female) have significant exposure to the E&M content before coming to the course. As discussed
more below, there are several differences between the introductory mechanics course and the
introductory E&M course. With the 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 differentially impact males
and females. In this chapter, we address the following research questions: 1) What fraction of
students, and of physics majors specifically, are retained from Physics 1 to Physics 2? Are there
differences between students who continue in the introductory sequence and those who do not?
2) How do the performance, attitudes and beliefs, and preparation of males and females in the
second-semester introductory physics course compare? and 3) To what extent can prior factors
help explain or account for the persistence of the gender gap in the second-semester class?

We begin by briefly reviewing the relevant prior literature and background information
(see Chapter 2 for a more thorough review). We then outline the research methods that were used
for this study including a description of the Physics 2 course, the student population in this
course, the measures of performance and student background that were examined and the sample

of students used in this study. We then present the results in four sections, roughly corresponding
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to the three major research questions. In summary, we find no differences in the retention rates of
males and females from Physics 1 to Physics 2 for students overall, though there are small
differences in retention rates of male and female physics majors, with males systematically 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 pre-test 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 pre-test, and Physics 1 exam grades), mathematics
standardized test performance, and students’ attitudes and beliefs. A multiple regression model
of students’ conceptual performance suggests these prior factors can account for up to 60% of
the observed gender differences. Taken all together, 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. Background

In their study of the relationship between post-course gender gaps and the level of
interactive engagement in a course, Lorenzo, ef al. [1] argued that 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 independent of the instructor, although we found that the instructor and the choices

that the instructor makes may impact the gender gap (see Chapter 2). In addition to the use of
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interactive techniques 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 further
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 different in many ways from the first-
semester course. Most apparent 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 EM-waves. Not only is the content covered in
the two courses different, but student familiarity with the content also varies between the two
courses. As reported in Chapter 2, 72% of students in Physics 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 addressed 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 [2,3,4], and these differences could have more of an impact on student learning in

Physics 2 than in Physics 1.
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While there has been a lot of interest in looking at the performance of males and females
in physics, most of the research studies [1,5,6,7,8] 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 [9]. Meltzer found that while students’ conceptual pre-test scores
were not correlated with their normalized learning gains on the Conceptual Survey in Electricity
(CSE), students’ pre-instruction 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 pre-test scores or abilities to learn physics concepts.

II1. Research Methods
A. Course Description

The data in the following studies were collected from ten offerings (between Fall 2004
and Spring 2009) of the second-semester calculus-based introductory electricity and magnetism
(E&M) course at the University of Colorado (CU). These are large-enrollment courses that
typically have 300 to 500 students. All ten classes used interactive engagement (IE) techniques.
Each of the ten classes employed student discussions around ConcepTests (Peer Instruction) [10]
in lecture, online homework systems [11], and voluntary help-room sessions on problem-solving
homework. In addition, all ten classes used Tutorials in Introductory Physics [12] and Learning
Assistants [13] 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 [14]. In the
previous chapter on the first-semester course, we categorized courses as IE 1 (partially
interactive, no Tutorials) or IE 2 (fully interactive, use Tutorials). 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
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familiarity with the interactive engagement methods that are employed. Though the curriculum
looks the same, we know that how the curriculum is enacted can be very different [15].

The ten classes included in this study were taught by seven different instructors [16].
Each semester included in the study will be identified by a code. All codes will have a form
similar to A1-2, where the letter represents the lead instructor, the 1 indicates that this is a
semester of Physics 1, and the 2 indicates that it is the second time that Professor A has taught
this course in the semesters included in our data set. All instructors except one (Professor N)
were male.

B. Student Population

The student population in the second-semester introductory 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 non-science and
undeclared majors 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
major by gender [*(4, N=3894)=140.97, p<0.01], as shown in Table 1. Namely, females 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 percentages of male and
female physics majors were not different (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 [y*(2, N=3894)=8.14, p<0.01].

Looking at student ethnicity, over 80% of the students are white, about 9% are Asian, and less
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than 10% are African American, Hispanic, or Native American. There are only small differences
in ethnicity by gender. Further, there are no differences between the ethnicity distributions of

students in Physics 2 compared to Physics 1.

Table 1. 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
Non-Science 53 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

C. Performance and Background Measures

Of primary interest in this study is to what degree males and females differ on measures
of background and preparation and to what degree these differences contribute to the observed
gender gap. Conceptual performance, as measured by the Brief Electricity and Magnetism
Assessment (BEMA) [17], 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 semester. Only students with matched pre-test and post-test data are included. In two of the
ten semesters the BEMA was not given to students as a pre-test, and was only given at the end of

the semester as a post-test [18]. Though we have post-test data for these semesters, we do not
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include them in most of the analyses in this chapter, 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
chapter. The number of students with matched pre- and post-test data from the remaining six
semesters is 1704. Additional evaluation of student performance in the course is captured by
homework, exam, participation, and course grades, which were collected from the instructor in
each semester.

Data have been gathered [19] 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 pre-test scores and FMCE post-test scores from the previous
term (when available) are used to measure students’ prior conceptual understanding of physics.
The math portion of the Scholastic Aptitude Test (SAT-math) and the math portion of the
American College Test (ACT-math) were used as measures of students’ prior knowledge of
mathematics [20]. Scores on each of the math tests were similarly correlated with the BEMA
post-test (#~0.35) and were also high correlated (»=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 variables 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 [21]). 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
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had taken. Data were not available on the grade that students received in their high school
courses.

Just as in the prior chapter, data were also collected on students’ attitudes and beliefs
about physics and about learning physics. Attitudes and beliefs are measured by the Colorado
Learning Attitudes about Science Survey (CLASS) [22]. Favorable pre-test scores on each
category are used as measures of students’ 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 administered 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 analysis will primarily use results from
the survey administered in Physics 2.

D. Study Sample

The BEMA is administered the first and last weeks of the semester during recitation, and
only those students that attend both weeks take the pre- and post-BEMA. This non-random
sampling could introduce bias into our results. To understand 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 included 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 who 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)
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for males and females in each group are shown in Table 2. The average course grades of students
who took the BEMA are higher than the course grades of students who did not take the BEMA
[males: #1755)=18.66, p<0.01; females: #559)=8.90, p<0.01]. While this is a source of bias,
there is no significant gender gap in course grades for either of the two groups [with BEMA:
#(1702)=1.02, p=0.31; without BEMA: #612)=-0.29, p=0.77]. 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 conceptual performance

provided by the BEMA may be a reasonable estimate of the gender difference for all students.

Table 2. 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. The * indicates that the difference is statistically significant at the p<0.01 level.

Males Females M —F
N Mean  SD N Mean SD
Students without pre- and/or post-BEMA 500 1.93 1.1 114 1.96 1.2 -0.03
Students with pre- and post-BEMA 1257 2.85 0.8 447 2.80 0.8 0.05
BEMA — no BEMA 0.92% 0.84%*

IV. Results
A. Tracking Students from Physics I 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 majority of

students included in our analysis will have taken Physics 2 if they were likely to do so. Figure 1
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shows the number of males and females (physics majors are listed in parentheses) 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 difference in the percentage of
students who do not go on to Physics 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 remained
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 percentage 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 Figure 1 is information about students who took Physics 2, but who changed their
major between Physics 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 differences in the numbers of students who continue through the introductory sequence
result in a significantly smaller percentage of females who are physics majors in Physics 2

compared to males. In Physics 2, 6% of the females are physics majors and 8% of the males are
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physics majors. Looking at the trajectories of males and females from Physics 1 to Physics 2, we
see no significant gender differences, but the small, non-statistically significant differences
combine such that there is a smaller percentage of females than males who are physics majors in

Physics 2.

Took Physics 1 Did Not Take
F M Physics 2
1116 3544 F M
(53) (214) 409 1321
(13) (50)
4 N\
Dropped PHYS Major
F M E
(6) (16)
- J
4 I
Added PHYS Major
p— Did Not Take
F M .
Physics 1
(4) (26)
\_ J F M
187 524
(14) (58)
A 4
Took Physics 2
F M
894 2747
(52) (232)

Figure 1. Tracking students through the introductory physics sequence. 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.

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 3. We begin by comparing
students within each gender. Not surprisingly, the students who did take Physics 2 have higher

course grades in Physics 1 than the students who did not take Physics 2. The difference is
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significant [males: #(3542)=23.77, p<0.01; females: #(1114)=14.05, p<0.01] and about the same
for both males and females. The effect sizes [23] of the differences 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 Physics 2, we now look at FMCE scores,
beginning with the pre-test. Males who did take Physics 2 had significantly higher
[#(2110)=6.35, p<0.01] FMCE pre-test scores than males who did not take Physics 2. The
difference was about 6% (an effect size of 0.29). However, the FMCE pre-test scores of females
who did and did not take Physics 2 are not significantly different [#(733)=1.67, p=0.10]. 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 appears that FMCE pre-test 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 [males:
#(2110)=8.23, p<0.01; females: #733)=3.96, p<0.01]. 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 pre-test differences. The effect 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 primarily 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
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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 looking at the FMCE pre- and post-test. The
gender gap on 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 students who continued on to

Physics 2.

Table 3. 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 Pre-test 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* 344 23l 11.3* 69.6 57.0 12.6*
Differences 0.80%* 0.84* 6.3% 2.1 10.6*  8.9*%

In addition to looking at performance measures to compare 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 4 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 beginning 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 difference in pre-test

scores for females is not significant). Though these differences between students who do and do
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not take Physics 2 are significant, the effect sizes of the differences are small, between about 0.1

and 0.3.

Table 4. Gender gaps in Physics 1 CLASS (% favorable) pre-test, 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 Pre-test Physics 1 CLASS Post-test
Males Females M-F Males Females M-F
Physics 1 only 62.7 62.0 0.7 56.0 523 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%

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
introductory 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 Physics 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.
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B. Identifying Differences by Gender
1. College Course Performance Differences

We now focus our attention on students in the second-semester introductory course by
examining conceptual mastery, course grades, DFW rates (grades of D, F or withdrawal), and
attitudes and beliefs.

a. Conceptual surveys

We first look at students’ conceptual performance as measured by the BEMA. Figure 2
presents the pre- and post-test gender gaps for each semester included in the study. Recall that in
two of the ten semesters (Semesters M2-1 and G2-3) students 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 pre-test data. In five of the eight semesters of pre-test data there is not a
significant gender difference in pre-test scores [£’s<1.95, p’s>0.05]. Males and females do not
score significantly differently on the BEMA pre-test in the majority of the semesters that the
BEMA pre-test has been given. In the remaining three semesters, where there is a statistically
significant pre-test 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 pre-test at the beginning of Physics 1,
which are between 6% and 14% (about 10% on average). Taking the BEMA pre-test 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.
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Figure 2. Pre- and post-test gender gaps (<S>, - <S>r) by semester. The data shown here include all students who
took the pre- and post-BEMA. These data represent seven different instructors and over 2500 students. The semester
is indicated along the x-axis. The error bars represent the standard errors of the mean.

Despite equal preparation of males and females, the BEMA post-test gender gap is
statistically significant in all nine of the ten semesters [#’s>2.12, p’s<0.04]. In semester G2-1, the
BEMA post-test gender gap is only marginally significant [#(316)=1.89, p=0.06]. Males scored
significantly higher on the BEMA post-test than females in all semesters. Even in those
semesters where there was no significant difference on the pre-test, males and females performed
differently on the post-test. Recall that all ten semesters used fully interactive engagement
methods, including Peer Instruction [10] and Tutorials [12]. Despite the use of these IE methods,
the gender gap increases from pre- to post-test in all semesters of Physics 2. The post-test gender
gap ranges from 4.0% to 9.6%. On average, the effect size [24] of the pre-test gender gap is 0.17,

and the effect size of the post-test gender gap is 0.39.
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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 [26] curriculum [27]. 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 [28] of males and females are statistically different [#(1998)=6.99, 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 Figure 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 understanding, 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 Figure 3 [29], 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 pre-test 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 interpretation is that the pre-test gender gap is
masked by lack of conceptual exposure to the subject. The BEMA does not measure what

students know on the pre-test, and in fact, if the FMCE is taken as the measure of conceptual
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performance upon entering Physics 2, it appears that we may be reducing the gender gap from

Physics 1 to Physics 2.
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Figure 3. FMCE and BEMA gender gaps (<S>, - <S>r) by semester. 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.

b. Course grades

In addition to looking at student performance on conceptual surveys, we can also look at
how males and females performed in the course overall and on each of the components 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% to 70% of the course grade, homework counts for 25% to 35%, and
participation makes up the remainder, between 0% and 10%. The difference between the average
scores of males and females in each component (<S>, - <S§>p) is calculated for each semester.

These differences for each semester, along with the average differences across all semesters, are

shown in Table 5.
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On average in Physics 2, females outscore males by about 6% on participation and by
about 5% on homework, but males outscore females by about 4% on exams. This is very similar
to what we reported in studies of Physics 1. These differences on participation, homework, and
exams offset one another resulting in course grades of males and females that are not statistically
different [#(3893)=-0.05, p=0.96]. This happens on average and in most individual semesters.
There are two notable differences from this trend. In Semester O2-1, 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 [#(427)=2.09, p=0.04]. 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 N2-1, the only semester in which there was
a female professor. In this semester females have much higher participation and homework
scores than males. The differences of 12% on participation and 8% on homework are the largest
differences in this data set. In addition, the exam scores of males and females 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 [#399)=-2.84, p<0.01]. Though females
outperformed males in the course overall in this semester, there was still a small (4%), but

statistically significant, BEMA post-test gender gap.
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Table 5. Analysis of students’ course grades. Each column contains the difference between the average scores for
males and females (<S>, - <S>p). 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 statically significant at the
2<0.05 level. In semester L2-1 no participation credit was given.

S Exams Course GPA
0, (V)
Participation (%) Homework (%) %) (4 pt. scale)
Semester D2-1 -6.4 (1.0)* -7.0 (1.5)* 3.6 (1.6)* -0.04 (0.12)
Semester J2-1 -6 (3)* -4 (2) 6.1 (1.9)* 0.08 (0.13)
Semester G2-1 -7.4 (1.6)* -3.3(1.8) 4.2 (1.5)* -0.03 (0.12)
Semester L2-1 -303) 2.5(1.7) 0.06 (0.13)
Semester G2-2 -7.2 (1.6)* -5.5 (1.9)* 4.8 (1.7)* 0.07 (0.12)
Semester M2-1 -5 (2)* -4.0 (1.7)* 2.4 (1.6) -0.01 (0.13)
Semester D2-2 -4.9 (1.7)* -2.6(1.9) 3.1 (L.4)* 0.02 (0.11)
Semester N2-1 -11.5 (1.8)* -8.2 (1.9)* -1.5(1.6) -0.32 (0.11)*
Semester O2-1 -2.7(1.9) -3.7 (L.7)* 7.7 (1.4)* 0.20 (0.09)*
Semester G2-3 -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)
c. 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 [30]). Table 6 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 [x*(9, N=1030)=10.32, p=0.33], but there are
significant differences in the male DFW rate by semester [x*(9, N=3160)=27.03, p<0.01]. We
use pair-wise % tests to determine in which semesters males have significantly different DEW
rates. The only significant differences involve semester O2-1 being different from semesters D2-
1 and N2-1. Overall, the DFW rates of males and females do not change much from semester to

semester, and less than 15% of both males and females receive grades of D, F, or W.
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We next compare the DFW rates between males and females to determine if they are
significantly different in any semester. In most semesters, the DFW rates of males and females
are not significantly different [p’s>0.4]. The one exception is Semester N2-1, 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 [Xz(l, N=431)=8.00, 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 N2-1, we
find that none of the females withdrew, but 4% of the males withdrew that semester (a
significant difference, [y*(1, N=431)=4.08, p=0.04]). The only other semester where there was a
significant difference in the numbers of males and females that withdrew from the course was
semester G2-1, where a higher percentage of females withdrew compared to males [x*(1,

N=444)=4.15, p=0.04].

Table 6. 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. Standard
error on the mean is given in parentheses.

DFW Rates (%) W Rates (%)

Males Females Males Females
Semester D2-1 17.5 16.7 2.7 4.6
Semester J2-1 16.9 16.7 24 5.1
Semester G2-1 15.5 17.6 1.5 4.8
Semester L2-1 12.6 14.7 3.0 2.1
Semester G2-2 12.5 9.3 2.1 4.1
Semester M2-1 15.7 12.5 3.8 2.5
Semester D2-2 16.3 15.2 4.1 2.7
Semester N2-1 204 8.4 3.7 0
Semester O2-1 8.5 9.5 34 43
Semester G2-3 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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d. 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 the previous chapter when looking at
the CLASS, 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 pre-test scores that are
collected at the beginning of the second-semester course. In all categories except Sense-Making
females have significantly lower average pre-test scores than males (£'s(2104)<2.04, p’s<0.04).
This means that females come in to the second-semester course reporting less expert-like
attitudes and beliefs about physics and learning physics than males. If we look at the shifts in
students’ attitudes and beliefs over the course of Physics 2, we see different results than we saw
in Physics 1. In Physics 1, 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 Figure 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 [#(2104)=2.75, p<0.01], where females have more negative shifts than males. The
difference in shifts in the Sense-Making category is marginally significant [#2104)=1.78,
p=0.08]. The Personal Interest category has one of the largest pre-test 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 category, larger than any other category. In summary,
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the attitudes and beliefs of students do shift towards less expert-like beliefs over the course of
Physics 2 [31], but the shifts are much smaller than in Physics 1. Also, there are fewer

differences in shifts between males and females in Physics 2 than in Physics 1.

OFemales - Category (F pre, M pre)
O Males | Overall (62, 65)
e —
| * Personal Interest (60, 68)
—F—
E— Real World (70, 75)
e
| PS General (65, 70)
: i | 1
,_|'_| PS Confidence (63, 72)
E PS Sophistication (48, 58)
—— .
— Sense-Making (68, 69)
'_iE_"E Conceptual (60, 63)
'—EE Applied Conceptual (47, 53)
-8.0 -6.0 -4.0 -2.0 0.0 2.0

CLASS Favorable Shifts (%)

Figure 4. Average shifts (post — pre) for males and females in Physics 2 on each of the CLASS categories. All shifts
are negative or zero, meaning both male and female students shift toward less expert-like 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 pre-test scores. The
pre-test scores of males and females are significantly different in all categories except Sense-Making.

2. Academic Background Differences
In the previous section we reported the observed differences 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
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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 7 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 estimates we have of the values for all students who enroll in Physics 2.

Just as we saw when comparing the FMCE scores of students who went on to Physics 2
to students who did not in Section IV-A, we find that the measures of students’ physics and math
background found in Table 7 are higher for this population of Physics 2 students than they were
for the population of Physics 1 students (see Table 4 in Chapter 2). Despite the higher level of
preparation of these Physics 2 students, Table 7 shows that males have significantly higher
[p’s<0.05] values than females 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 Physics 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.
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The only background variables in which males do not outperform females are high school
GPA, where females outscore males [#(3732)=-13.57, p<0.01], and years of high school calculus,
where males and females are not significantly different [#3354)=-0.98, p=0.33]. Similar results
have been found by other researchers [32,33], who concluded that males and females were
equally prepared for the introductory physics courses. We suspect that overall measures of high
school grades and enrollment in a calculus course are not as important to performance in an
introductory physics course as are enrollment in high school physics (exposure to relevant
content) and performance on standardized math tests (measures of mathematics performance).
By such metrics, females are less prepared for Physics 1 and Physics 2 than males.

C. 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 pre-test), 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 students 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 pre-test, but the lack of spread in BEMA pre-test 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 pre-test, we can use the FMCE post-test as a measure

of prior conceptual understanding. In Figure 5, we have divided students into five groups by
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FMCE post-test score. The groups are divided such that an equal number of students is in each
bin (N~225). We then calculate the average BEMA post-test score for the males and females in
each bin. As is seen in Figure 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 [£s<1.90,
p’s>0.06]. 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 Figure 5 indicate the percentage of males (or females) 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.
The results presented in Figure 5 suggest 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 background variables in Table 7
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 together. We explore this question in the

following section.
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Figure 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 males (or females) 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
(»>0.05) in all five of the bins.

D. Estimation of the Impact of Student Background on the Gender Gap

We investigate whether the background differences between males and females
(discussed in the Section IV-B-2) can account 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 relationship 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 gender gap can be accounted for by factors other than
gender.

The post-test scores are modeled according to the equation,

N
BEMAPOST = b, +b, x FEMALE + Y b, x VAR,

k=2
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where BEMAPOST is the post-test score on the BEMA, FEMALE is a dummy variable that is 1
for females and 0 for males, and VAR, are the other background variables that are included in the
model and any cross terms between FEMALE and other background variables. by are the
coefficients for each term, and the multiple regression analysis gives estimates for these
coefficients. The coefficient of the FEMALE variable (b;) 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 normalized 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 R’
(the fraction of variation in post-test scores that is accounted for by the variables in the model),
and the significance of variable coefficients.

As stated above, not all data were available for all students. 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 during the semesters included in our study took the BEMA pre-test and post-test. Of these
1704 students, complete data (meaning all background variables presented in Table 7) were
available for only 637 students. These 637 students make up the first sample used for the

analysis. This sample of students is labeled S;. All of the students in S; took the FMCE in
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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 mechanics
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, S>, has more students since not everyone
takes the FMCE in Physics 1, but everyone receives 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 8 and Table 9 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 difference 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.

Table 8. Average course grades for students included in the first regression sample (S;) and those who are not in the
S; sample. Course grades are on a 0.0 to 4.0 scale. The asterisk (*) indicates that the differences are significant
(»<0.05).

Males Females M-F
In S; sample 2.96 2.92 0.04
Not in S; sample 2.46 2.47 0.01
In S; —Notin S, 0.50* 0.45*
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Table 9. Average course grades for students included in the second regression sample (S,) and those who are not in
the S, sample. Course grades are on a 0.0 to 4.0 scale. The asterisk (*) indicates that the differences are significant
(»<0.05).

Males Females M-F
In S, sample 2.93 2.86 0.07
Not in S, sample 2.39 2.43 -0.04
In S, —Notin S, 0.54%* 0.43*

If we look further at the BEMA pre- and post-test gender gaps for all students who took
the BEMA, students in the S; sample and students in the S, sample, we see that the gender
differences across all three samples of students are very similar. These data are presented in
Table 10. This suggests again that the samples used in the regression analyses are reasonable

representative of the gender differences in the entire population of students.

Table 10. BEMA pre- and post-test gender gaps for all students, students in the first regression sample (S;), and
students in the second regression sample (). The asterisk (*) indicates that the differences are significant (p<0.05).

All Students S; Sample S, Sample
M F M-F M F M-F M F M-F
BEMA Pre-test 26.8 253 1.5% 26.8  25.0 1.8% 267 25.0 1.7*
BEMA Post-test 57.7 51.4 6.3*% 584 517 6.7* 57.5  50.8 6.7*

1. Using Sample S;

The results of the regression analysis for sample S; are shown in Table 11. Three models
are reported, starting with a bivariate model that includes only gender and then additional
variables are added in each successive model. The table contains the coefficient estimates (by)
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 R’

substantially (the additional variance explained by each model is significant via F test at the
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p<0.01 level). The R’ for the final model is 0.34, such that the variation in the independent

variables explains 34% of the variation in post-test scores [34].

Table 11. Coefficient estimates and multiple regression model statistics for each multiple-regression model. The S,
sample was used for this regression analysis.

Model 1 Model 2 Model 3
Model-level statistics
Multiple R’ 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 by p value by p value by p value
Intercept 58.4 <0.01 29.1 <0.01 30.5 <0.01
FEMALE -6.8 <0.01 -2.6 0.03 -2.6 0.02
BEMA Pre-test 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 pre-test 0.07 0.03 0.07 0.04
Semester J2-1 0.78 0.66
Semester G2-1 -4.7 <0.01
Semester L2-1 2.1 0.27
Semester G2-2 -0.52 0.76
Semester N2-1 -0.08 0.97

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 covariates that are
correlated with the post-test are added. When previous physics performance (BEMA pre-test and
FMCE post-test), previous math performance (combined math score), and previous attitudes and
beliefs (CLASS pre-test) are controlled for, the gender difference drops to 2.6 points. Already,
there is a substantial reduction in the gender difference once previous physics and math

performance and attitudes and beliefs are accounted for.
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To get a final estimate of the gender difference, we turn to Model 3. In this model,
variables are added to take into account the semester that students took Physics 2. The base case
in Model 3 is semester D2-1 (meaning there is no variable included for this semester). This
means that the coefficients of each semester variable give the average difference between
semester D2-1 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 D2-1 and semester G2-1 is -4.7 points. This is the only
difference that is significant, but this analysis only allows a statistical comparison between
semester D2-1 and all other semesters. It does not allow us to compare semesters J2-1 and G2-1,
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 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 R° 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 pre-test 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
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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 physics, students’ declared major in
Physics 2, ethnicity, and interaction 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.

2. Using Sample S

Table 12 presents the results of the regression analysis using the S, 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 R’ 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 1is included, the gender difference is 6.8 points, as we saw above. In Model 2,
when covariates are included in the analysis, the gender difference 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.
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We also include variables controlling for the semester that each student 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 S;. Controlling for these background factors, 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 to normalize the
exam scores since each exam has a different average score. From Table 12, 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 S; 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 variables in the
regression model. None of these variables significantly contributed to the model beyond those
already included in the final model. This result is likely due to correlations between these

variables and variables already included in the final model.
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V. 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
trajectories 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 science majors, most of whom are required to take
both Physics 1 and Physics 2. However, we find differences when we focus 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 percentage of female physics majors in Physics 2 is
significantly less than the percentage of male physics majors. We are disproportionately losing
female physics majors as compared to male physics majors, an issue that needs to be further
investigated.

Looking at performance in the second-semester course, we find that despite apparently
equal pre-course 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 pre-test
does not accurately measure pre-course 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
reduced 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,
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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 considerably outperformed females on the exams, resulting in significantly higher course
grades for males. The other inconsistent semester was Semester N2-1, when females had
significantly 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 N2-1 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 [35]. While the impact of a female faculty member on
gender differences in the introductory physics courses needs to be further investigated, there is
evidence that a female role model can influence the performance and interest of females in
science and mathematics [33,36,37].

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 expert-like 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 between -5% and -15%. In all categories except one,
Personal Interest, males and females do not have significantly different 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 Personal Interest category has increased to an 11% gender difference after just
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two semesters of introductory physics. It seems that we are differentially negatively impacting
females’ 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 factors
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 accounted 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 accounted 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 gender gap than can total course grade
(made up of tests, homework, and participation). We observe repeated gender differences in
performance on tests, which are high stakes, sequestered, time-sensitive tasks. These trends
suggest that stereotype threat [38,39] 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

[40,41,42] will be discussed in Chapter 6.
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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 study, and
further emphasized by this study, we need to explore 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
post-course gender differences in Physics 2, compared to Physics 1. However, students’
familiarity with the current course content is not the only factor that contributes to course
performance. Physics 1 performance is also a significant predictor of BEMA post-test score. Our
prior study 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 professor may play a role in the gender gap. These, and other,
contextual factors need to be further investigated to determine 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 difference we observe at the end of the Physics 2 semester. This finding
suggests that females are coming into our courses under-prepared, and leaving our courses
under-prepared 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
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seems 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 are
particularly large on their own, females are consistently lagging behind males. Valian refers to
this building up of deficiencies as an ‘“accumulated disadvantage” [43]. 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 students 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. As
mentioned in Chapter 2, Tatum refers to this cultural bias as a “smog of bias” [44], 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 disparities in physics. By creating new cultural norms in our classrooms
that are inclusive and supportive of all students [45], we may begin to construct physics

classrooms and physics cultures in which males and females can participate equally.

Peer-reviewed publications based on this work
L. E. Kost-Smith, S. J. Pollock and N. D. Finkelstein, Gender disparities in second-semester

college physics: The incremental effects of a “smog of bias”, Physical Review Special
Topics: Physics Education Research 6(2),020112 (2010).
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CHAPTER 4: SELF-EFFICACY IN PHYSICS

I. Introduction

In this chapter, we explore students’ sense of physics self-efficacy (defined in detail
below) and the sources of self-efficacy, those experiences that contribute to the development of
students’ self-efficacy. We seek to answer the following research questions: 1) Are there gender
differences in students’ sense of physics self-efficacy and the sources of self-efficacy? 2) Does
self-efficacy predict student performance in the course? 3) Does self-efficacy help account for
the gender gap in performance that we observe, particularly once student background is already
controlled? and 4) Do the hypothesized sources of self-efficacy predict students’” end-of-semester
self-efficacy, and are there gender differences in which sources are useful predictors?

We begin by outlining the prior literature on self-efficacy in science and the sources of
self-efficacy in science. We also review the literature on gender differences in self-efficacy and
work that has been done on self-efficacy in physics. We then summarize the research methods
that were used in this study, including the development and administration of the Physics Self-
Efficacy and Identity Survey, the sample of students analyzed, and the statistical methods that
were employed. The results are presented in three major sections: students’ sense of physics self-
efficacy, sources of self-efficacy, and regression modeling. We find that males have significantly
higher physics self-efficacy than females. These self-efficacy beliefs are useful predictors of
students” FMCE and exam performance. For students in this study, background measures of
physics and mathematics understanding account for about 70% of the gender gap in FMCE post-

test scores. Students’ self-efficacy beliefs account for an additional 12% of this gender gap. Also,
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there are significant differences in student responses to questions about the four sources of self-
efficacy, with males giving more positive interpretations of their experiences than females for
each source. Each of the four sources of self-efficacy is a significant predictor of students’ post-
course self-efficacy in addition to students’ pre-course self-efficacy and their performance in the
course. Lastly, we discuss implications for the introductory physics courses and how they can be
changed to positively impact students’ self-efficacy.
II. Background
A. Self-Efficacy

Albert Bandura initially proposed self-efficacy as a way to account for different
performance outcomes among individuals that were given similar treatments in his research on
snake phobias. In one study [1], participants (all of whom had snake phobias severe enough to
negatively impact their lives) were assigned to one of three conditions: 1) the Participant
Modeling condition where participants were aided in interacting directly with a snake, 2) the
Modeling condition, where the participant observed someone else interacting with the snake, or
3) the Control condition, where participants received no treatment. After being assigned to one of
the three conditions, researchers assessed participants’ self-efficacy related to interacting with
snakes, and then participants were asked to complete tasks that involved increasingly threatening
interaction with snakes. Bandura found a significant and positive relationship between
participants’ performance at the tasks and their self-efficacy, regardless of which treatment (or
lack of treatment) that they received. The higher a participant’s self-efficacy, the more tasks
he/she successfully performed.

According to Bandura’s social cognitive theory [2], self-efficacy is defined as, “people’s

judgments of their capabilities to organize and execute courses of action required to attain
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designated types of performances” [p. 391]. In other words, self-efficacy characterizes a person’s
confidence in or expectations about his/her ability to complete the tasks necessary for success at
some activity. Bandura theorized that self-efficacy beliefs and expectations would influence
whether people attempt an activity, how much effort they will put forth to achieve success, and
how long they will persist when faced with obstacles, as well as performance at the activity. Self-
efficacy beliefs differ from other expectancy beliefs in that they are task- and situation-specific
and are related to a particular goal [3]. Lent and Brown emphasize that self-efficacy beliefs are
dynamic and depend on the particular performance domain [4].

Though originally developed through research on phobias, Hackett and Betz [5] proposed
using a self-efficacy approach to explain different career choices of men and women. They found
that women had lower self-efficacy expectations compared to men of equal ability, with regard
to completing the educational requirements and job duties of occupations that are traditionally
held by men (e.g. accountant, mathematician, and engineer). Further, career self-efficacy was a
significant predictor of participants’ interest in different occupations [6]. Researchers then began
to focus on college science and engineering students to try to understand the lack of women in
these fields. Self-efficacy beliefs were found to be useful predictors of both students’ choice of
college major [7,8,9] and their perceived career options [10,11,12]. In one study, Hackett and
Betz [13] found that mathematics self-efficacy was a better predictor of students choosing a
mathematics-related major than were mathematics performance or achievement measures. Their
results suggest that even though students’ self-efficacy is highly correlated with their past
performance, both are useful predictors of future performance and career choices, and in some

cases, students’ self-efficacy may be a better predictor.
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In addition to major and career choice, self-efficacy has also proven useful in predicting
mathematics and science achievement [3]. Self-efficacy has been shown to predict students’
performance at a variety of tasks, including college science grades [10,11,14], mathematical
problem-solving [15,16,17], and overall college performance [18]. In 1991, Multon, Brown and
Lent [19] conducted a meta-analysis to analyze the relationship between self-efficacy and
performance. Over 36 studies of self-efficacy, they found a significant and positive relationship
between self-efficacy and student achievement (effect size of 0.38 [20]), where achievement was
characterized as standardized test performance, course performance, or skill task performance
(such as solving subtraction problems or reading comprehension). A similar result was also
found in a smaller meta-analysis [21]. Self-efficacy has been shown to significantly correlate
with student performance in math and science across a variety of contexts and performance
assessments.

As hypothesized by Bandura [1], self-efficacy has also been found to predict persistence.
Researchers have found that self-efficacy is related to students’ persistence at completing
specific tasks, like problem-solving [15], and student’s persistence at a course of study, like the
science major [10,11,14]. In their meta-analysis, Multon, Brown and Lent [19] found that over
18 studies, self-efficacy and persistence were significantly and positively correlated (effect size
of 0.34 [20]). Self-efficacy has also been shown to correlate significantly with science and
mathematics interest [9,21,22].

This prior work shows that self-efficacy is significantly related to students’ choice of
college major, perceived career options, performance, persistence, and interest in science and
mathematics. Because of its significance to understanding students’ choices and performance, we

examine the physics self-efficacy of students in the introductory physics courses.
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B. Sources of Self-Efficacy

In addition to proposing the construct of self-efficacy, Bandura also put forth that there
are four sources of self-efficacy beliefs: mastery experiences, vicarious experiences, verbal
persuasion, and emotional responses [1]. People interpret information from each of these four
sources as they create and develop their self-efficacy beliefs. In this section I will describe each
source of self-efficacy and then review the literature on how the sources influence self-efficacy
beliefs.

Bandura hypothesized that mastery experiences would be the most powerful source of
people’s self-efficacy expectations [1,2]. Mastery experiences are experiences in which people
engage in tasks similar or identical to the target task. For instance, if a student performed well on
a physics exam, this would positively impact his/her self-efficacy regarding future physics
exams. Similarly, experiences where people are not successful would negatively impact their
self-efficacy. Because mastery experiences provide feedback to students on their own abilities on
tasks related to the target task, it is thought to be the strongest source of self-efficacy beliefs.

When people do not have mastery experiences to draw on in assessing their ability to be
successful at a target task, they can draw on vicarious experiences, where they observe other
people. Observing others being successful or unsuccessful at a target task, can positively or
negatively impact one’s own self-efficacy. For someone who has never taken a physics course
before, a peer’s experience can be an important source of his/her beliefs about succeeding in
physics. The most influential vicarious experiences are those in which the person being observed
is similar in ability and demographics (e.g., age, gender, ethnicity, etc.) [23].

The third source of self-efficacy beliefs is verbal or social persuasion. This can take the

form of encouragement or discouragement from trusted others, such as parents, teachers, or
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peers. Words of support can increase a person’s confidence in their abilities. It is important that
the feedback be accurate and supportive, otherwise it could undermine peoples’ self-efficacy
[23,24].

The final source of self-efficacy is emotional responses. People interpret their
physiological reactions while completing tasks as indications of their abilities. Students who feel
anxious, nervous, or stressed while taking mathematics tests can interpret these emotions as
evidence that they are not good at mathematics, regardless of performance or achievement. On
the other hand, enjoyment, happiness, and a sense of calm can positively impact people’s self-
efficacy.

Researchers stress that it is people’s interpretations of information from each of these
four sources that is critical to developing self-efficacy, not the objective information itself
[1,2,3,23]. Two students who both receive 75% on an exam had the same mastery experience,
but they may perceive that experience differently so that it differentially contributes to their self-
efficacy beliefs. Throughout this chapter, when we refer to mastery experiences, vicarious
experiences, verbal persuasions or emotional responses, we mean students’ interpretations of
these experiences and not the experiences themselves.

There has been a significant amount of research into whether and to what extent these
four sources contribute to self-efficacy. Findings are somewhat inconsistent, likely due to
differences in populations and situations studied, as well as differences in research
methodologies across studies [23]. A review by Usher and Pajares [23] gives ranges of
correlation coefficients between each source and self-efficacy for over 30 studies. Correlations
between self-efficacy and each of the sources have the following ranges: mastery experiences:

0.29 to 0.67; vicarious experiences: 0.09 to 0.58; verbal persuasion: -0.05 to 0.62; and emotional
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responses: -0.57 to 0.41. One consistent result is that mastery experiences are a significant
predictor of self-efficacy beliefs [25,26,27,28,29]. In their study of the relationship between the
sources and mathematics self-efficacy, Lent, Lopez and Bieschke [30] found that although all
four sources were significantly correlated with mathematics self-efficacy, only mastery
experiences was a significant predictor of self-efficacy in a regression analysis. This was the case
even when students’ mathematics ACT score was included, suggesting that student performance
and student perception of performance each make a unique contribution to self-efficacy.

Given the importance of self-efficacy to student performance and career choices, it is
essential to understand how self-efficacy develops and what information students are drawing
upon to evaluate their abilities. Additionally, these sources of self-efficacy provide potential
levers for increasing students’ physics self-efficacy, and thereby their physics performance.
Indeed, studies have shown that interventions aimed at enhancing students’ self-efficacy by
providing mastery or vicarious experiences can result in higher self-efficacy [31,32]. In this
chapter we explore not only students’ sense of physics self-efficacy, but also how the
introductory physics courses impact physics self-efficacy through each of the four sources.

C. Gender Differences in Self-Efficacy

As mentioned above, research into self-efficacy has long been motivated by differences
between men and women. Hackett and Betz [5] originally proposed self-efficacy to explain
higher concentrations of women in low-paying, low-status occupations and women’s under-
representation in mathematics, science and engineering occupations as well as in managerial and
administrative positions. From there, several researchers have explored self-efficacy to explain
the lack of women choosing to major in science and mathematics. Early researchers identified

that females had significantly lower mathematics self-efficacy than males [7,12,1625].
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Regarding the sources of self-efficacy, the results are more mixed. Some researchers find no
significant gender differences in the sources of self-efficacy [25,28], while others find that males
have higher mastery experiences scores [12] or females have higher vicarious experiences and
verbal persuasion scores [26]. In their study of middle school science students, Britner and
Pajares [27] found that male and female middle school students did not have significantly
different science self-efficacy. However, despite the female students earning higher grades in the
class, the males reported higher mastery experience scores.

More recently, researchers have been interested in how the sources of self-efficacy
differently predict self-efficacy for males and females. Again, the results are inconsistent. While
some researchers report no gender differences in how the sources predict self-efficacy [25,26],
others find that males and females may draw on different sources when developing their self-
efficacy. Britner and Pajares [27] found that mastery experiences explained a greater percentage
of the variance in self-efficacy scores for females than for males (35% versus 17%). In studying
the academic self-efficacy of middle school students, Usher and Pajares [33] found that verbal
persuasions contributed to self-efficacy more than mastery experiences for females, but was not a
significant predictor of self-efficacy for males. In another study [34], they found that mastery
experiences and emotional responses were significant predictors of academic self-efficacy for
both males and females, but vicarious experiences were significant only for males and verbal
persuasions were significant only for females.

In addition to these quantitative studies, there has been some qualitative work on how the
sources of self-efficacy contribute to self-efficacy differently for males and females. In two
related studies [35,36], Zeldin et al. analyzed the personal stories of males and females who

selected and excel in science, technology, or math careers. They were looking to better
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understand how self-efficacy influences the career choices of males and females. Researchers
interviewed participants on their career development (how they selected their career) and history,
as well as specific questions on each source of self-efficacy. They found that the critical sources
of self-efficacy differed by gender. Females relied primarily on verbal persuasions and vicarious
experiences in developing their self-efficacy beliefs, while males relied on their mastery
experiences.

From this prior work it seems that self-efficacy and the sources of self-efficacy are
important factors to consider in understanding gender differences in science and mathematics.
The inconsistency in results suggests that there is still much to understand about how self-
efficacy differs for males and females and how its development and creation varies by gender.

D. Self-Efficacy in Physics

Despite the large body of research on self-efficacy in science, relatively few studies have
been done on self-efficacy in college physics. In this section I briefly review the work done on
physics self-efficacy.

Most of the research done on self-efficacy in physics has looked at the impact of different
pedagogies on students’ self-efficacy. Cavallo, Potter, and Rozman [37] examined the self-
efficacy beliefs of males and females at the beginning and end of an inquiry-based introductory
physics course for life-science majors. They found that males had higher physics self-efficacy
both pre- and post-course. Additionally, physics self-efficacy was a significant predictor of
course achievement and conceptual understanding for both males and females. Fencl and Scheel
[38] examined the impact of several different teaching strategies on the sources of self-efficacy.
They found that active strategies, such as question and answer, collaborative learning, and

conceptual problem assignments, which asked students to work together and engage with the
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material, were the most effective at increasing students’ physics self-efficacy. Modeling
Instruction [39], a specific pedagogical approach where students collaborate in a studio-format
class with integrated labs and lectures, was found to positively impact students’ self-efficacy
over traditional lecture [40]. Sawtelle, Brewer and Kramer [40] found that traditional lecture
instruction negatively impacted all four sources of self-efficacy for both males and females.
Modeling Instruction, however, resulted in no significant shifts in the sources of self-efficacy for
males. Females in the Modeling course had significant positive shifts in the verbal persuasion
source of self-efficacy, but the other three sources were not significantly impacted. In addition,
pre-course self-efficacy was found to significantly predict the likelihood of students passing the
course.

A second area of focus of the research on physics self-efficacy is its usefulness in
predicting physics achievement. As stated above, some researchers report a significant and
positive relationship between self-efficacy and course performance [40]. In a study of freshman
physics in Turkey [41], researchers found that self-efficacy negatively contributed to physics
course achievement, though not significantly. Shaw [42] examined the physics self-efficacy of
males and females in three different introductory physics courses: conceptual physics, college
physics, and university physics. Gender differences in self-efficacy were only significant in the
conceptual physics course, where males had higher physics self-efficacy than females. In the
college and university physics courses, males and females did not have significantly different
self-efficacy. Shaw also examined the correlations between physics self-efficacy and course
performance. For conceptual physics there were only weak correlations between self-efficacy
and performance. For college physics, the correlation was significant only for females. And for

university physics, the correlation was not statistically significant. Given the strong evidence for
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self-efficacy as a predictor of performance detailed above, it is difficult to interpret these mixed
results. It suggests that more research is needed to better understand the relationship between
self-efficacy and performance in physics.
II1. Research Methods

The goal of this study is to characterize the physics self-efficacy beliefs and the sources
of self-efficacy of males and females in the introductory physics courses. We also want to
understand how the sources of self-efficacy impact self-efficacy, and how self-efficacy then
impacts student performance. Guided by the literature outlined in the previous section, a survey
was developed to probe students’ sense of physics self-efficacy and the sources of self-efficacy.
In this section, we discuss the survey design and administration processes, the sample of students
who responded to the survey, and the statistical methods that were used to analyze the survey
results.

A. Physics Self-Efficacy and Identity Survey

The Physics Self-Efficacy and Identity Survey was designed to probe students’ sense of
physics self-efficacy, the sources of self-efficacy, and students’ sense of physics identity (which
will be discussed in detail in Chapter 5). These three areas comprised the three major sections of
the survey. Here, we will discuss the design of the physics self-efficacy and sources of self-
efficacy sections of the survey.

The survey was administered to students in Physics 1 and Physics 2 in three semesters.
The course content and pedagogy of these semesters was in line with prior offerings of the
course (as described in detail in Chapters 2 and 3). In the six semesters in which data were
collected, four lecture instructors were involved. Throughout this chapter codes will be used to

identify semesters and faculty (similar to codes used in prior chapters). The three semesters of
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Physics 1 are identified as K1-1, J1-2 and K1-2. The three semesters of Physics 2 are identified
as J2-2, N2-2 and G2-4. Three of the four instructors were male and one was female (N2-2). The
survey was given to students twice during the semester. The pre-course survey was administered
in the first or second week of the semester. The post-course survey was administered in the last
few weeks of the semester. The survey was given online, and a link to the survey was either
featured on the homepage of the course website or included as the last question on the weekly
CAPA homework set. In most semesters, students had one week to fill out the online survey,
though in semesters where the response rates were low after one week, the survey response time
was extended by an additional week to allow more students to respond. Additionally, in these
semesters where the response rates were low, an email was sent out to students who had not
filled out the survey after one week to remind them to respond to the survey. In all semesters, the
instructor offered students a “token” amount of extra credit (usually about equal to one
homework problem) for taking the survey. Receiving the extra credit only required that students
include their name when submitting the survey and did not require students to answer any
questions.

Self-efficacy characterizes the beliefs that people have about their ability to complete the
tasks necessary to achieve a particular goal. Self-efficacy beliefs are often assessed by asking
people to rate their level of confidence in completing a specific task required for meeting a goal
[3]. For students in introductory physics, the goal is to succeed in the physics course (we allow
for success to mean earning a good grade in the course or learning physics, though presumably
the two would be correlated). Based on the requirements of the course (doing well on homework
and exams, participating in class, etc.) and the kinds of interactions that students are expected to

engage in (discussing with other students, working in groups, asking questions, etc.), a list of
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tasks required for succeeding in the physics course was generated. The survey asked students to
rate how confident they were that they could complete each of the tasks in the physics course.
Bandura, along with several other researchers, stress that measures of self-efficacy need to be
specific to the tasks and situations that are required to achieve the particular goal that is being
assessed in order for self-efficacy to be a useful predictor of performance [1,3,4,43,44]. Care was
taken to develop tasks required for the introductory physics courses as they are taught at the
University of Colorado, and to ensure that students report their confidence about completing the
tasks in these particular courses. Researchers agreed that the list of tasks was accurate and
comprehensive. On the survey instrument, larger, bold, italicized font was used to emphasize to
students that they were to assess their confidence in the physics course.

In total, twenty-one tasks were generated, and students rated their confidence level on a
Likert-like scale where the options were: Not Confident, A Little Confident, Somewhat
Confident, Mostly Confident, and Very Confident. All of the survey questions can be found in
Appendix A. This group of questions was asked both at the beginning and end of the semester on
pre- and post-course surveys. On the pre-course survey, students were asked to rate their
confidence level for completing the tasks in the current physics course in which they were
enrolled (either Physics 1 or Physics 2). This assessment of pre-course self-efficacy was used to
predict student performance in the course. On the post-survey, students were asked to rate their
confidence level for completing the tasks in their next physics course (either Physics 2 or another
physics course). If students were not planning to take another physics course, they were asked to
rate their confidence level for completing these tasks in their next science course. By asking
these questions on both the pre- and post-surveys, shifts in self-efficacy over the course of the

physics class could be examined. Because of concerns about the length of the survey, only
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fourteen of the twenty-one tasks were included in the surveys given in semesters K1-2 and G2-4.
These fourteen tasks were chosen based on preliminary analysis of which tasks showed gender
differences and were important for predicting performance in the course.

In addition to these multiple-choice items, there were two open-response questions that
asked students how confident they were that they could 1) earn a B or better in the physics
course and 2) learn the physics concepts. Students were also asked to explain their responses to
each question. These questions were only asked on the surveys given in semesters K1-1, J1-2,
J2-2 and N2-2. Student responses to these questions were not analyzed for this study.

We were also interested in the sources of self-efficacy. To assess how the introductory
physics courses impacted students’ self-efficacy through each of the four sources of self-
efficacy, questions were adapted from the Sources of Self-Efficacy in Science Courses—Physics
(SOSESC-P) instrument, developed by Fencl and Scheel [38]. The SOSESC-P instrument
contains 33 statements to which students respond on a Likert-like scale. The items are distributed
about equally among each of the four sources. Due to concerns about the length of the survey,
we used only 15 of the 33 items from the SOSESC-P instrument. The items were chosen based
on how relevant they were to our students, given the structure of our introductory physics course.

The 15 sources of self-efficacy items are presented in Table 1.
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Table 1. Survey items related to the sources of self-efficacy.

Sources of Self-Efficacy Items

Mastery Experiences
I received good grades on my homework in this class.
I was usually able to help my classmates with difficult physics problems.
I rarely knew the answer to the clicker questions raised in class.
I had difficulty with exams in this class.

Vicarious Experience
Watching other students in class made me think that I could succeed in physics.
Listening to other students during Tutorials made me think that I could nof understand physics.
Students who were similar to me did well on exams.

Verbal Persuasion
My peers in this class encouraged me to do well on homework.
The instructor in this course encouraged me to put forth my best effort.
No one in this class has encouraged me to go on in science after this course.
People often tell me that I’'m good at physics.

Emotional Responses
I was unable to think clearly when taking exams.
Physics makes me feel uneasy.
I got really stressed when working on homework.
I worried about my ability to solve problems on exams.
I enjoyed physics this semester.

Students responded to all fifteen of the sources of self-efficacy items by rating their level
of agreement or disagreement from the following options: Strongly Disagree, Somewhat
Disagree, Neutral, Somewhat Agree, or Strongly Agree. Of the fifteen items, five were asked on
both the pre- and post-surveys, and the remaining ten were asked only on the post-survey. The
five items that were assessed both at the beginning and end of the semester were related to the
emotional responses source. Two slightly different versions of these items were given in the pre-
course survey. In the K1-1 and J2-2 versions of the pre-course survey, students were asked to
respond to the statements thinking about their experiences in prior science courses. In the pre-
course survey given in the other four classes, students were asked to respond to the statements

thinking about their experiences in a prior physics course (students could choose the response “I
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have never taken a physics course” if they hadn’t taken physics before). In all versions of the
post-course survey, students responded to the same statements reflecting back on their
experiences in the current physics course (either Physics 1 or Physics 2). The remaining ten
sources of self-efficacy items were asked only on the post-course survey, and students were
asked to respond by reflecting back on their experiences in the current physics course. To
summarize, five of the items related to the emotional responses source, four to the mastery
experiences source, three to the vicarious experiences source, and three to the verbal persuasions
source.

Additional demographic data (gender, declared major, and ethnicity) on students were
collected from the Office of Planning, Budget, and Analysis at the University of Colorado, and
student performance data (course grades and conceptual survey scores) were collected from the
course instructors.

B. Survey Sample

In the six semesters in which the survey was administered, a total of 3216 students took
the final exam in the course they were enrolled in, an indication that they completed the course.
Of these, 2158 students took both the pre- and post-course survey, and so are included in the
final survey sample. Students were considered to have taken the survey as long as they
responded to at least one item. Survey response rates, broken out by course, semester, and gender
are given in Table 2. Whole class survey response rates range from 54% to 79%, and the overall
survey response rate (combining Physics 1 and Physics 2 over all semesters) is 67%. As
mentioned in previous chapters, we find higher response rates among female students compared

to male students.
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Table 2. Survey response rates. The top half of the table gives the numbers of all, male and female students in
Physics 1 and Physics 2 each semester included in this study. The bottom half gives the numbers and percentages of
students who completed the pre- and post-course surveys in Physics 1 and Physics 2 each semester. Whole class
survey response rates range from 54% to 79%.

Entire Class Took Survey
All Males Females All Males Females
Physics 1 N N N % % %
Semester K1-1 605 467 138 54 51 65
Semester J1-2 608 448 160 79 79 81
Semester K1-2 527 397 127 67 66 71
Total 1740 1312 425 67 65 73
Physics 2 N N N % % %
Semester J2-2 524 398 126 68 62 87
Semester N2-2 458 357 101 66 64 70
Semester G2-4 494 392 99 68 65 84
Total 1476 1147 326 67 64 81

We also examine the demographics of students in the final survey sample. Table 3 gives
the percentages of students in the final survey sample by gender, ethnicity, and declared major
for each semester of Physics 1 and Physics 2. In most semesters, the demographics distributions
of students who are in the final survey sample are significantly different from those students who
are not in the final survey sample. This is important to keep in mind when generalizing results

from the survey sample to the entire class population.
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Table 3. Demographics of survey respondents. Frequencies for the gender, ethnicity, and student declared major for
all students in the final survey sample. For each demographic variable, the distribution of students in the final survey
sample was compared to the distribution of students not in the final sample using a ” test. The %’ p value indicates
whether the distributions in the two groups of students are significantly different. An underlined p value denotes that
p<0.05.

Physics 1 Physics 2
Sem. K1-1 Sem. J1-2 Sem. K1-2 Sem. J2-2  Sem.N2-2  Sem. G2-4
Gender % % % % % %
Female 27.4 26.7 25.4 30.5 23.7 24.7
Male 72.6 73.3 74.6 69.5 76.3 753
%> p value 0.003 0.67 0.36 <0.001 0.25 <0.001
Ethnicity % % % % % %
Asian 13.1 7.5 13.8 11.2 12.0 8.0
African American 1.2 1.7 1.4 2.0 1.3 0.6
Hispanic 3.7 6.6 5.6 5.0 4.0 7.1
Native American 0.3 0.4 1.1 0 0.3 1.5
White 72.9 75.8 74.0 73.4 72.3 75.6
Foreign 4.0 2.9 2.0 34 3.0 2.1
Unidentified 4.9 5.2 2.0 5.0 7.0 5.1
%> p value 0.023 0.09 0.10 0.13 0.42 0.016
Declared Major % % % % % %
Physics 12.5 2.7 11.4 3.9 12.3 5.1
Engineering 44.8 59.0 47.8 69.2 46.3 63.7
Other Science 22.3 15.5 22.7 17.9 27.7 17.0
Non-Science 6.4 6.8 4.1 42 4.7 4.5
Undeclared 14.0 15.9 14.0 4.8 9.0 9.8
%* p value 0.09 <0.001 0.004 0.026 0.80 0.34

We also find significant differences in the distributions of these demographics variables
between semesters, within Physics 1 and Physics 2. While the gender distributions are not
significantly different by semester, the ethnicity distribution is significantly different by semester
in Physics 1 and the distribution of declared majors is significantly different by semester in both
Physics 1 and Physics 2. The differences in declared major are largely a result of physics majors,
who almost exclusively take Physics 1 in the fall semesters and Physics 2 in the spring
semesters. Additionally, as seen in prior chapters, there are gender differences in the distributions

of student major and ethnicity among students who responded to the survey. It is important to
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keep in mind when comparing results from one semester to another or when comparing males to
females, that the samples of students likely differ along these demographic variables.

Because of the demographic differences that have been identified between survey
respondents and non-respondents, and because survey respondents were self-selected, it is
important to check for sampling bias. To do so, we compare the course grades of students who
did and did not take the survey using a #-test (see Table 4 and Table 5). In all semesters of both
courses, students who completed the survey had higher course grades than those who did not.
The differences are statistically significant in all cases, except two semesters of Physics 2 in
which the course grades of females who did and did not take the survey are not statistically
different. This suggests that we are selectively sampling those students who are succeeding in the
course, and our results may not capture the experiences of the lower performing students.

We also examine the course grade gender differences for students who are and are not
included in the final survey sample. We find that in four of the six semesters, the gender gaps in
the two groups are comparable. This suggests that gender differences we observe in the survey
sample may be representative of gender differences in the larger populations. In the remaining
two semesters, the gender gap in course grades among students who took the survey is much
larger or smaller than the gender gap for students who did not take the survey. This suggests that
in these semesters we may be over- or under-estimating the gender differences in the population
by using only the final survey sample. These differences between the survey samples and the

populations are important to keep in mind when interpreting the results.
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Table 4. Comparison of course grades for students who did and did not take the survey in Physics 1. The * indicates
that the difference between males and females or between survey respondents and non-respondents is statistically
significant at the p<0.05 level.

Semester K1-1 Semester J1-2 Semester K1-2
M F M-F M F M-F M F M-F
Took survey (S) 2.89 279  0.10 2.83 2.60  0.23%* 2.89 2.61  0.28*%
Did not take survey (NS) 2.34 227  0.07 1.86 1.48 0.38 1.80 1.00  0.80%
S—NS 0.55*%  0.52* 0.97*  1.12% 1.09*  1.61*

Table 5. Comparison of course grades for students who did and did not take the survey in Physics 2. The * indicates
that the difference between males and females or between survey respondents and non-respondents is statistically
significant at the p<0.05 level.

Semester J2-2 Semester N2-2 Semester G2-4
M F M-F M F M-F M F M-F
Took survey (S) 2.84 238 0.46* 2.60 258 0.02 277 252 0.25%
Did not take survey (NS) 238 1.86 0.52* 2.19 2.04 0.15 225 227 -0.02
S—NS 0.46* 0.52 0.41%  0.54* 0.52*% 025

C. Statistical Methodology

Several statistical techniques were used throughout this chapter (and the next) to group
variables and to make statistical comparisons between groups of students. Here I briefly discuss
these techniques.

1. Factor Analysis

Recall that in assessing students’ physics self-efficacy, a list of twenty-one tasks was
presented to students and they were to rate how confident they were that they could complete
each one. In order to organize and reduce this list of tasks, a factor analysis was used. Factor
analysis is a statistical technique that reduces a large set of correlated variables into a smaller set

of factors, which are linear combinations of the variables [45,46,47]. For this analysis, a
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principal components analysis with a Varimax rotation was carried out. Varimax rotation is an
orthogonal rotation method (meaning that the resulting factors are orthogonal), and it is the most
popular rotation method. The factor analysis was carried out for all students, and for males and
females separately. Additionally, the factor analysis was carried out on the pre- and post-course
survey separately. Scree plots were examined to determine the appropriate number of factors.
Tasks were included in a factor if the factor loading (the coefficient of each variable in the linear
combination) was greater than 0.33. To ensure that the factors did not overlap, tasks that loaded
on more than one factor at the 0.33 level were included in the factor with which it had the higher
factor loading.

The factor analysis yielded slightly different factors for males and females (the factors for
all students more closely aligned with the factors for males, since they make up the majority in
the class), and for the pre- and post-course surveys (factors loadings can be found in Appendix
B). Because of this, the factor analysis only informed the creation of categories of self-efficacy,
and the factor loadings were not used in calculating the values of each category. We use the term
category throughout the rest of the chapter to indicate that these groupings are not strict factors
derived from a factor analysis. The final categories were created using only those tasks that fell
into each factor for both males and females. There were a total of 18 tasks (of the 21 tasks total)
that fell into one of four categories. Student responses to each task within a category were
averaged to get a value for that category.

2. Statistical Comparisons

We are interested in not only examining the self-efficacy and sources of self-efficacy for

males and females, but also in comparing males and females. When examining average values of

student responses over several items, t-tests [48] were used to compare males to females. 7-tests
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are used to compare the average values of a variable between two independent samples. The data
are assumed to be normally distributed and ratio level (continuous scale). The extension of the z-
test, used when comparing more than two independent samples, is the One-Way Analysis of
Variance (ANOVA) [49]. Similar to the #-test, ANOVA assumes normally distributed, ratio level
data. For this analysis, ANOVA was used to compare male and female responses between the
three semesters in which the survey was administered.

To compare male and female responses to individual items on the Physics Self-Efficacy
and Identity Survey, Mann-Whitney U tests [50] were used. This parametric test is used to
compare distributions from two independent samples, with no assumption that the data be
normally distributed. The only requirement is that the data be ordinal level (rank-ordered) or
higher. For most of the items on the survey, there is a clear rank order to the responses (for
instance, Strongly Disagree < Somewhat Disagree < Neutral < Somewhat Agree < Strongly
Agree). The Mann-Whitney U test is the analog of the #-test, but it used when the data is ordinal
level, rather than ratio level. The extension of the Mann-Whitney U test (and the analog of the
ANOVA), for comparing more than two samples is the Kruskal-Wallis test [50]. Similar to the
Mann-Whitney U test, the Kruskal-Wallis test is used when the data is non-normal and ordinal
level. When comparing student responses between the three semesters that the survey was
administered, the Kruskal-Wallis test was used.

IV. Results
A. Students’ Sense of Physics Self-Efficacy
1. Overall Self-Efficacy of Males and Females
We first examine the overall self-efficacy of males and females, to get a sense of

students’ beliefs about succeeding in all aspects of the course [51]. Students’ overall self-efficacy
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was computed by averaging their confidence ratings on all twenty-one of the course tasks that
were listed on the survey. Because the list of tasks given on the survey in the K1-2 and G2-4
semesters was truncated, we do not include data from those semesters in this analysis of overall
self-efficacy beliefs. Figure 1 presents the average overall self-efficacy of males and females at

the beginning of the course for each semester in Physics 1 and Physics 2.
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Figure 1. Average overall pre-course self-efficacy of males and females in Physics 1 and Physics 2 by semester.
The overall self-efficacy score is the average of students’ confidence ratings for all twenty-one tasks. Error bars
represent the standard error on the mean. The differences between males’ and females’ overall self-efficacy are
statistically significant in the J1-2 semester of Physics 1 and the J2-2 semester of Physics 2. In the remaining two
semesters, the difference in self-efficacy between males and females is not statistically significant.

We find significant gender differences in students’ overall pre-course self-efficacy,
though not consistently. In Physics 1, there was not a significant difference between males’ and
females’ self-efficacy in the K1-1 semester [#326)=1.26, p=0.21], but the difference in the J1-2
semester was statistically significant [#(479)=4.57, p<0.001]. In Physics 2, there was a significant
difference in the J2-2 semester [#(355)=3.62, p<0.001], but not in the N2-2 semester

[4(298)=1.13, p=0.26]. We find significant gender differences when Professor J is teaching, but

130



not for the other two professors. Additionally, in the on-sequence semesters (the K1-1 semester
for Physics 1 and the N2-2 semester for Physics 2), there are no significant pre-course self-
efficacy gender differences. We only find significant differences in the off-sequence semesters.
We cannot say from this data set whether it is the professor, the student population in the off-
sequence semesters, both, or neither that is leading to the gender differences.

Despite the inconsistency in gender differences by semester, we don’t find significant
differences in the overall pre-course self-efficacy of males or females by semester [via ANOVA,
all p>0.14]. That is, the pre-course self-efficacy of males in Physics 1 does not vary by semester,
nor does the pre-course self-efficacy of females in Physics 1. The same is true in Physics 2. This
suggests that by gender, students come into the introductory physics courses with similar physics
self-efficacy beliefs every semester. Additionally, students’ average physics self-efficacy scores
are between about 3.5 and 4 (which falls between Somewhat Confident and Mostly Confident),
which suggests that students are fairly confident at the beginning of the semester about
completing the tasks necessary for success in these courses.

The same list of tasks was given to students at the end of the course, and they were asked
to rate their confidence in completing the tasks in their next physics or science course. This
allows us to measure students’ physics self-efficacy after completing either Physics 1 or Physics
2 (presumably, when they are better able to assess whether they can complete the tasks). Figure 2
presents the average overall post-course self-efficacy beliefs of males and females in each
semester. Similar to the pre-course self-efficacy beliefs, we find inconsistencies when comparing
males and females. In those semesters where there was a significant gender difference in pre-
course self-efficacy, there is also a significant difference in post-course self-efficacy. In Physics

1, the post-course self-efficacy of males and females is not significantly different in the K1-1
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semester [#(325)=1.16, p=0.25], but it is in the J1-2 semester [#(477)=4.84, p<0.001]. In Physics
2, the gender difference is significant in the J2-2 semester [#355)=5.50, p<0.001], but it is not in

the N2-2 semester [#(297)=1.52, p=0.13].
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Figure 2. Average overall post-course self-efficacy of males and females in Physics 1 and Physics 2 by semester.
The overall self-efficacy score is the average of students’ confidence ratings for all twenty-one tasks. Error bars
represent the standard error on the mean. The differences between males’ and females’ overall self-efficacy are
statistically significant in the J1-2 semester of Physics 1 and the J2-2 semester of Physics 2. In the remaining two
semesters, the difference in self-efficacy between males and females is not statistically significant.

We are also interested in how students’ overall physics self-efficacy shifts over the
semester. This gives some idea of how the course is impacting students’ beliefs about succeeding
in future courses. As is seen in Figure 3, all students shift significantly towards lower self-
efficacy over the course of Physics 1 or Physics 2 [all p<0.02], except for females in the N2-2
semester of Physics 2 [#(70)=1.64, p=0.11]. The effect size of the shifts is between about -0.1 and
-0.5, small to medium effect sizes. Most students become less confident about succeeding in the

physics courses after taking Physics 1 or Physics 2. Further, this is equally true for males and
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females in each semester. The gender differences in shifts in overall physics self-efficacy are not

statistically significant in each semester [all p>0.07].
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Figure 3. Effect size of shifts in males’ and females’ overall physics self-efficacy in Physics 1 and Physics 2. The
effect size of the shifts is given by ES=(post — pre)/SD,,.. Error bars are given by (SEme+SEp0S,2)I/Z/SDW. All
students shift towards lower overall physics self-efficacy, except for females in the N2-2 semester of Physics 2.
Differences between males and females are not statistically significant in any semester.

2. Four Categories of Self-Efficacy
Factor analysis was used to divide the list of twenty-one tasks into categories or groups of
tasks that were similar. By doing this, we could identify different dimensions of physics self-
efficacy, and see whether students’ confidence levels were different depending on the kinds of
tasks. Additionally, we could explore whether males and females differed, or not, across all of
the tasks, or if there were particular kinds of tasks for which gender differences were
pronounced. The resultant factor loadings from the factor analysis for males and females are

given in Appendix B. The final categories included the following tasks:
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Performance
* Complete homework assignments by myself
¢ Perform well on exams
* Demonstrate what I know on exams
* Discuss physics ideas with my peers
* Defend my physics ideas to my peers
* Learn physics concepts
* Complete the course with a B or better

* Answer questions posed by the professor in class

Using Math in Physics
* Manipulate algebraic equations
* Use calculus to solve physics problems

* Interpret graphs

Getting Help
* Ask the professor for help when I get stuck on homework
* AskaTA for help when I get stuck on homework

* Ask questions during lecture

Working with Other Students
* Complete homework assignments with the help of other students
* Find other students to help me when I get stuck on homework
* Find a group of students to study with

*  Work well in a group during recitation
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While the categories were determined using a statistical analysis based on student
response patterns, the names of the categories were generated by the author based on a subjective
judgment of how the tasks in each category were related to one another. Student confidence
ratings for the tasks in each category were averaged to get a self-efficacy score for each student
for each category. These category scores were then averaged for males and females in each
semester that the survey was administered. Because of concerns about the length of the survey,
tasks from the Getting Help category and the Working with Other Students category were not
included on the survey given in semesters K1-2 and G2-4. Results for those categories include
data only from the K1-1, J1-2, J2-2, and N2-2 semesters.

a. Performance self-efficacy

Figure 4 presents the pre-course performance self-efficacy for males and females in each
semester of Physics 1 and Physics 2. In all semesters, females report significantly lower
performance self-efficacy than males [all p<0.01]. For tasks related to doing well on exams,
discussing and defending their physics ideas, and doing well in the course, females are

significantly less confident coming into the introductory physics courses than males.
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Figure 4. Average pre-course performance self-efficacy of males and females in Physics 1 and Physics 2 by
semester. Error bars represent the standard error on the mean. The performance self-efficacy of females is
significantly lower than the performance self-efficacy of males in all semesters.

Students in these introductory physics courses come from a variety of majors. It is
possible that students from outside the physics or engineering major, or even outside the science
major, would be less confident about succeeding in physics. Recall that the distribution of
student majors in these courses differs by gender. A larger fraction of the females are other
science and non-science majors compared to the males. The differences in student major
distributions could explain the gender differences that are observed in physics performance self-
efficacy. We can control for students’ major by only comparing males and females who have the
same declared major. Doing this, we find that in Physics 1, there are still statistically significant
gender differences in performance self-efficacy for all student majors except physics (the
difference between male and female physics majors is marginally significant, p=0.09).
Accounting for student major does not explain the gender differences in performance self-

efficacy in Physics 1, since these differences exist when comparing students within majors.
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There are fewer gender differences in Physics 2, however, when student major is controlled.
Gender differences in performance self-efficacy are only statistically significant for engineering
and other science majors. In Physics 2, it appears that some of the gender gap in performance
self-efficacy can be explained by differences in the distributions of males’ and females’ declared
majors.

Gender differences in performance self-efficacy persist through the course. In all
semesters, the gender differences in post-course performance self-efficacy are significant (all
p<0.01, see Figure 5). Again, we can control for student major, but the gender differences are
significant in all majors except for the undeclared students in Physics 1. In Physics 2, the gender
differences are only significant for the engineering and other science majors, as was seen in the
pre-course performance self-efficacy scores. As with the pre-course performance self-efficacy,
accounting for student major does not completely explain the gender differences that are

observed.
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Figure 5. Average post-course performance self-efficacy of males and females in Physics 1 and Physics 2 by
semester. Error bars represent the standard error on the mean. The performance self-efficacy of females is
significantly lower than the performance self-efficacy of males in all semesters.
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It is perhaps not too surprising that females are less confident about tasks related to
exams and performance in the course, since we know from our prior work that they score
significantly lower than males on exams. Again, we would like to control for the difference in
actual exam performance between males and females, and then see if the difference in
performance self-efficacy persists. We group students according to their average exam scores
into quintiles [52]. We can then compare male and female average post-course performance self-
efficacy within each quintile, and thereby only compare males and females who performed
similarly on course exams. When we do this (see Figure 6), we find that except for students in
the lowest exam performance quintile, females report lower post-course performance self-
efficacy than their equally performing male counterparts. It is surprising that males and females
who have the lowest exam scores have the same physics performance self-efficacy. Examining
students in that quintile more closely, we find that females in that bin have significantly lower
exam scores than males in that quintile, which makes the result even more puzzling. We do not
have any explanation for why females in the lowest quintile do not have significantly lower
performance self-efficacy than males in that bin, but it may be a question worth pursuing. Even
controlling for the actual exam performance differences of males and females, a significant

gender difference in performance self-efficacy exists for most students.
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Figure 6. Males’ and females’ average post-course performance self-efficacy scores, where students are binned
according to their course exam performance. In all quintiles except the lowest quintile (1), females have
significantly lower post-course performance self-efficacy than males (all p<0.01). Even when only comparing males
and females with the same actual course performance, females still report less confidence about performing in the
future.

As with overall physics self-efficacy, students’ performance self-efficacy decreased over
the course of Physics 1 for both males and females in all semesters [all p<0.01] (see Figure 7).
Males and females shifted equally in all semesters by about half of a standard deviation. In
Physics 2, however, the results were less consistent. In the J2-2 semester, both males and females
had significantly negative shifts in performance self-efficacy [males: #247)=2.74, p<0.01;
females: #(108)=4.69, p<0.01]. In the N2-2 semester, only males had a significant shift [males:
#(227)=2.74, p<0.01; females: #70)=1.68, p=0.10]. In the G2-4 semester, neither the males nor
females’ performance self-efficacy shifted significantly over the semester [males: #(249)=1.57,
p=0.12; females: #81)=0.40, p=0.69]. Though encouraging that the performance self-efficacy of

males and females in the G2-4 semester did not decrease, they had the lowest pre-course

139



performance self-efficacy, and so ended the semester with post-course performance self-efficacy
scores about equal to scores in the other semesters.

It also appears from Figure 7 that the shifts in performance self-efficacy are much smaller
in Physics 2 compared to Physics 1. This may be a selection effect, since it seems that the pre-

course performance self-efficacy of students in Physics 1 compared to Physics 2 is not different.
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Figure 7. Effect size of shifts in males’ and females’ performance self-efficacy beliefs in Physics 1 and Physics 2.
The effect size of the shifts is given by ES=(post — pre)/SD,.. Error bars are given by (SE,,,ez+SE,,,,S,2)1/2/SD,,,€. All
students in Physics 1 shift towards lower performance self-efficacy. Shifts for Physics 2 students were smaller and
in some cases not statistically significant. Differences between males and females are not statistically significant in
any semester, except the J2-2 semester of Physics 2.

b. Math in physics self-efficacy
As mentioned above, many studies have identified gender differences in students’
mathematics self-efficacy, even among students pursuing science, engineering, or mathematics
degrees. We would therefore expect to find gender differences in students’ self-efficacy related
to using mathematics in the introductory physics courses. In most semesters, this was not the

case. At the beginning of the semester, there were no significant gender differences in students
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math in physics self-efficacy, except in the J1-2 semester of Physics 1 [#478)=2.72, p<0.01]. In
all remaining semesters, males and females were equally confident about their ability to use
mathematics in the physics course. Across all semesters, students’ average pre-course math in
physics self-efficacy was between about 4 and 4.25 (a rating of Mostly Confident), the highest
average scores among all four of the self-efficacy dimensions. This is perhaps not unexpected in
a calculus-based physics course for engineering and science majors.

The lack of gender differences in math in physics self-efficacy persists through the
semester. On the post-course survey, we find that in four of the six semesters studied, there are
not significant gender differences in students’ confidence related to using mathematics in
physics. In the J1-2 semester of Physics 1 and the J2-2 semester of Physics 2, females report
significantly less confidence than males [#(476)=2.72 , p<0.01 and #355)=3.03 , p<0.01,
respectively]. Though we can identify individual semesters in which we observe a gender
difference in students’ mathematics self-efficacy, overall, the differences are small and mostly
insignificant.

Shifts in students’ math in physics self-efficacy are small (average effect size is -0.1),
and in most semesters the shifts are not statistically different from zero. One exception is the
J2-2 semester of Physics 2. Males in this semester had negative shifts of effect size -0.1, not a
significant shift [#246)=1.45, p=0.15]. Females, however, had negative shifts of effect size
-0.38, a significant shift [#108)=3.98, p<0.01]. This difference in shifts between males and
females is statistically significant [#(354)=2.70, p<0.01].

c. Getting help self-efficacy
The third dimension of physics self-efficacy that was identified was self-efficacy related

to getting help in the physics course from either the professor or a TA. Students’ confidence in
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these tasks was not assessed in the K1-2 and G2-4 semesters, so data from these semesters are
not included in the following analysis. At the beginning of the semester, there are no significant
gender differences in students’ reported confidence about getting help in physics [all p>0.05].
Average getting help self-efficacy scores are between about 3.3 and 3.8 (corresponding to
between Somewhat Confident and Mostly Confident), and are the lowest average pre-course
scores among all four of the physics self-efficacy dimensions. Compared to the other self-
efficacy dimensions, students come into the introductory physics courses least confident about
getting help from the professor and TAs.

Over the course of the semester some gender differences in getting help self-efficacy
emerge. In two of the four semesters analyzed, females had significantly lower getting help self-
efficacy compared to males. In the J1-2 semester of Physics 1 and in the J2-2 semester of Physics
2 females were less confident about finding help when they needed it [#(476)=2.78, p<0.01 and
#(355)=3.32, p<0.01, respectively]. In the remaining two semesters, males and females did not
have significantly different getting help self-efficacy beliefs [Physics 1: #(325)=-0.67, p=0.51;
Physics 2: #(297)=-0.20, p=0.84].

Looking at shifts in students’ getting help physics self-efficacy, all students had
significantly negative shifts in their confidence about getting help in the physics course [all
p<0.02]. The shifts of males and females were not significantly different, except in the J2-2
semester of Physics 2, where males shifts by -0.14 standard deviations and females shifted by
-0.44 standard deviations [#355)=2.56, p=0.01]. Over the course of the semester, both males and

females grew less confident in their ability to get help from the professor or the TAs.
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d. Working with other students self-efficacy

The final physics self-efficacy dimension was the working with other students self-
efficacy. Again, students’ confidence in these tasks was not assessed in the K1-2 and G2-4
semesters, so data from these semesters are not included in the following analysis. In both the
pre- and post-course surveys, there were no significant gender differences in students’ working
with other students self-efficacy. Males and females appear to be equally confident about
working with other students in the course. Students’ average working with other students self-
efficacy scores were about 4 (corresponding to Mostly Confident). Also, the shifts in students’
working with other students self-efficacy are not statistically different from zero in all cases,
except for females in the J2-2 semester of Physics 2. Overall, there were very few gender
differences related to students’ confidence in working with other students, and students’
confidence, which was relatively high, did not change much over the course of the semester.

3. Summary

Figure 8 presents the pre- and post-course scores for overall physics self-efficacy as well
as each of the four dimensions of self-efficacy averaged over all semesters in which each
dimension was assessed [53]. In the previous sections, we examined self-efficacy separately for
each semester and found that the results were not always consistent. By looking at all of the
students together, we are able to pick out trends in the data that may have been more difficult to
parse when looking at results for individual semesters. When averaging over all semesters, we
find that there are significant gender differences in students’ overall physics self-efficacy both at
the beginning and end of the semester [pre: #(1464)=5.49, p<0.01; post: #1460)=6.91, p<0.01].
Males come in to and leave the physics courses more confident than females about their ability to

complete the tasks that are necessary for success in physics. When we break the list of tasks
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down into groups of similar tasks, we see that there are some areas in which males and females
are equally confident. For instance, at the beginning of the semester, males and females are
equally confident about using mathematics in the physics course [#(2099)=1.87, p=0.08], about
getting help from professors and TAs [#(1464)=0.74, p=0.46] and about working with other
students [t(1464)=0.06, p=0.95]. It is only the pre-course performance self-efficacy of males and

females that is significantly different [#2101)=11.93, p<0.01].
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Figure 8. Average male and female, pre- and post-course scores for overall physics self-efficacy and for each of the
four dimensions of self-efficacy. Scores were averaged over all semesters in which the dimension was assessed.
Error bars represent the standard error on the mean.

Despite males and females being about equally confident in their abilities at the
beginning of the semester, females are significantly less confident than males in three of the four
dimensions of self-efficacy at the end of the semester. Females report lower self-efficacy related
to their future physics or science courses in the performance [t(2142)=12.24, p<0.01], math in
physics [t(2139)=2.99, p<0.01], and getting help [t(1459)=2.93, p<0.01] categories. These results

suggest that males and females are having different experiences in the introductory physics
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courses, which is leading to a larger decrease in self-efficacy for females. In the next section, we
explore how males and females are interpreting their experiences, and thereby developing their
self-efficacy, in the introductory physics courses by examining the four sources of self-efficacy
beliefs.
B. Sources of Self-Efficacy

Bandura posited four sources of self-efficacy beliefs: mastery experiences, vicarious
experience, verbal persuasion, and emotional responses. In order to better understand the gender
differences in self-efficacy, which we identified in the previous section, we probed these four
sources of self-efficacy to see if males and females were having experiences that differently
contributed to the development of their self-efficacy. Because we were interested in what
experiences they had in Physics 1 or Physics 2 that contributed to their self-efficacy and how
their self-efficacy changed over the semester, most of the questions related to the sources of self-
efficacy were only asked on the post-course survey. The one exception is questions related to the
emotional responses source. These questions were asked on both the pre- and post-course
surveys so that we could see how students’ experiences in their prior science or physics course
compared to their experiences in Physics 1 or Physics 2. Though the four kinds of experiences
are labeled “sources” (in line with prior literature), we make no causal claims between students’
experiences and their self-efficacy. We are not asking students whether these experiences led to
changes in their confidence. Rather we are asking to what extent students had each of these kinds
of experiences and how they interpreted the experiences as either positive or negative.

1. Mastery Experiences
The first of the four sources of self-efficacy, and what Bandura proposed would be the

most powerful source, is mastery experiences. These are students’ interpretations of their
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successes and failures in the introductory physics course. Students were asked about their
performance on homework, exams, difficult physics problems, and clicker questions (see Table
1). As presented in Figure 9, females report less positive interpretations of their mastery
experiences than males in all semesters of Physics 1 and Physics 2 [all p’s<0.01]. Again,
controlling for actual exam performance (as in Figure 6) does not fully explain the observed
differences in reported mastery experiences. Females with exam scores in the top three quintiles
of the class, still report less positive interpretations of their mastery experiences compared to

equally performing males.
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Figure 9. Average mastery experiences score for males and females in Physics 1 and Physics 2 by semester. Error
bars represent the standard error on the mean. Females have significantly lower average mastery experiences scores
than males in all semesters.

2. Vicarious Experiences
The second source of self-efficacy is vicarious experiences, or opportunities for students

to observe others being successful or unsuccessful in the physics course. To assess the vicarious
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experiences source, students were asked to what extent watching and listening to other students
made them think that they could succeed in physics (see Table 1). Males’ and females’ average
responses for each semester are presented in Figure 10. In all semesters of Physics 1 and Physics

2, females report less positive interpretations of their vicarious experiences than males [all

p’s<0.05].
> OMales DOFemales
(]
= 45
]
(7]
2 4
— = e =y
£ 35 o - T T
[« I I - I L
uxJ L L
w 3 +
=]
1e]
8 25
£
L 2
o
g
< 15
1
Sem. K1-1 Sem. J1-2 Sem. K1-2 Sem. J2-2 Sem. N2-2 Sem. G2-4
Physics 1 Physics 2

Figure 10. Average vicarious experiences score for males and females in Physics 1 and Physics 2 by semester. Error
bars represent the standard error on the mean. Females have significantly lower average vicarious experiences
scores than males in all semesters.

3. Verbal Persuasion
The third source of self-efficacy beliefs is verbal persuasion. The verbal persuasion
source often takes the form of encouraging or discouraging messages from other people. We
assessed this source with questions that asked to what extent students received encouragement
from peers, the instructor, or any one else (see Table 1). In four of the six semesters of Physics 1

and Physics 2 that we analyzed, there is no significant difference in the amount of verbal
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persuasion that males and females report receiving [all p’s>0.05] (see Figure 11). For the most
part, males and females report receiving the same amount of encouragement in these courses. In
the K1-2 semester of Physics 1 and in the J2-2 semester of Physics 2, females report significantly
less verbal persuasion than males [#(351)=3.13, p<0.01 and #353)=3.69, p<0.01, respectively].
Recall that these are students’ interpretations of the verbal persuasion that they received, and
therefore may not reflect the actual encouragement or discouragement that others may have
given them. It is encouraging to see that for the most part males and females perceive that they

are receiving the same level of encouragement to do well in these courses and to go on in

science.
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Figure 11. Average verbal persuasion score for males and females in Physics 1 and Physics 2 by semester. Error
bars represent the standard error on the mean. Females and males do not have significantly different average verbal
persuasion scores in all semesters, except K1-2 and J2-2.

148



4. Emotional Response

The final source of self-efficacy beliefs is emotional responses. These are students’
interpretations of the physiological responses that they experience while in the physics course,
doing homework or taking exams. Survey questions asked to what extent students experienced
emotions such as stress, uneasiness, worry, and enjoyment (see Table 1). The emotional response
questions were asked both in the pre- and post-course surveys. In the pre-course survey, students
were asked about their experiences in a prior science (K1-1 and J2-2 semesters) or physics (J1-2,
K1-2, N2-2, and G2-4 semesters) course. In all semesters of Physics 1 and Physics 2, females
report more negative emotional responses in their prior science or physics course than males [all
p’s<0.04] (see Figure 12). Females are more likely to report that they were worried, stressed,

uneasy, and unable to think clearly in their prior science or physics courses than males [54].
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Figure 12. Average pre-course emotional response score for males and females in Physics 1 and Physics 2 by
semester. Error bars represent the standard error on the mean. Students were asked about their emotional responses
to doing homework and taking exams in their prior science (K1-1 and J2-2 semesters) or physics courses (J1-2, K1-
2, N2-2, and G2-4 semesters). Females have significantly lower average emotional response scores than males in all
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149



On the post-course survey, students were asked about their emotional responses in the
Physics 1 or Physics 2 course. Similar to students’ prior experiences, females continue to report
more negative emotional responses than males in all semesters of Physics 1 and Physics 2 [all
p’s<0.01] (see Figure 13). Even when controlling for actual exam performance or course grade
(as in Figure 6), females continue to report more negative emotional responses than males.

Both males and females in the K1-2 semester of Physics 1 had unusually low emotional
responses scores. This may be partly due to the unusually low exam scores in that semester. The
average exam score in the K1-2 semester was 59%, compared to 69% and 66% in the K1-1 and

J1-2 semesters.
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Figure 13. Average post-course emotional response score for males and females in Physics 1 and Physics 2 by
semester. Error bars represent the standard error on the mean. Students were asked about their emotional responses
to doing homework and taking exams in their current physics course. Females have significantly lower average
emotional response scores than males in all semesters.

Because questions related to students’ emotional responses were asked on both the pre-

and post-course surveys, we are able to examine shifts in students’ responses. This allows us to
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compare students’ reported emotional responses in prior courses to their emotional responses in
their current Physics 1 or Physics 2 course. Shifts in students’ emotional response scores are
presented in Figure 14. Both males and females significantly shift towards more negative
emotional responses in all semesters except the G2-4 semester of Physics 2. These negative
shifts are especially large in Physics 1, where the effect sizes of the shifts are between -0.6 and
-0.8. This suggests that students are more stressed and worried in the college introductory
physics courses than in their previous science or physics courses. The gender difference in shifts
is only statistically significant in the J1-2 semester of Physics 1 and the J2-2 semester of Physics

2. For the most part, the increases in stress and uneasiness are equal for males and females.
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Figure 14. Effect size of the average shifts in the emotional response scores for males and females in Physics 1 and
Physics 2 by semester. The effect size of the shifts is given by ES=(post — pre)/SD,.. Error bars are given by
(SE,,,.EZ+SE,,{,X,2)1/2/SDPW. Both males and females significantly shift towards more negative emotional responses in all
semesters except the G2-4 semester of Physics 2. The gender difference in shifts is only statistically significant in
the J1-2 semester of Physics 1 and the J2-2 semester of Physics 2.
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5. Summary

In this section we have examined each of the four sources of self-efficacy and how males
and females report their interpretations of these experiences. Figure 15 presents males’ and
females’ average sources of self-efficacy scores for all students included in the analysis [53].
When averaging over all semesters, we find that females report less positive interpretations of
each source of self-efficacy than males. The difference between males and females has an effect
size of 0.48 for mastery experiences, 0.42 for vicarious experiences, 0.17 for verbal persuasion,
and 0.66 for emotional response. The smallest difference is the verbal persuasion source
suggesting, as was mentioned above, that males and females report that they receive equal
amounts of encouragement from peers and instructors in the course. The differences in the
remaining three sources are medium to large effects. Females are reporting less positive mastery
and vicarious experiences, and more negative emotional responses than males. In the next
section we explore how each of these sources of self-efficacy contribute to students’ physics self-

efficacy beliefs.
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Figure 15. Average male and female scores for each of the four sources of self-efficacy, averaged over all
semesters. Error bars represent the standard error on the mean. Females are significantly lower on all sources of self-
efficacy.

C. Regression Modeling

Our initial interest in self-efficacy was as a potential predictor of student performance
and moderator of performance differences by gender. Having characterized the physics self-
efficacy beliefs of males and females, we now ask whether physics self-efficacy beliefs predict
student performance in the introductory physics courses. We are also interested in how self-
efficacy beliefs develop, particularly what role the four sources of self-efficacy play. To answer
these questions, we model student performance or students’ self-efficacy beliefs using multiple
regression analysis. Details of the multiple regression method can be found in prior chapters.
Briefly, we use a combination of independent variables (both categorical and continuous
variables) to predict a dependent variable (average exam score, FMCE post-test score, or post-

course self-efficacy beliefs).
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A large number of independent variables are used in the following analysis, and in order
for a student to be included, he/she must have data for each variable. As a consequence, not all
students who took the Physics Self-Efficacy and Identity Survey are included in the regression
models. Only 63% of the students in the final survey sample were included in the regression
sample. As is often the case when non-random sampling procedures are used, students in the
regression sample are significantly different (in terms of course grades) than students who are
not in the regression sample. Again, this means that we have to take care when generalizing the
results beyond the regression sample.

In this section, we report on the regression models that are used to answer the following
questions: 1) Does physics self-efficacy predict performance on exams? 2) Does self-efficacy
predict performance on the FMCE? and 3) Do the sources of self-efficacy predict self-efficacy?
The analysis was completed for students in Physics 1 and Physics 2 separately (since different
sets of independent variables are used). We present results here for Physics 1, but similar trends
are found in Physics 2. Details of the regression models for Physics 2 are found in Appendix D.

1. Does self-efficacy predict performance on exams?

We are first interested in whether self-efficacy is a useful predictor of exam performance,
and particularly if it is useful beyond the academic background factors (like FMCE pre-test score
and math score) that we identified previously as being important predictors of student
performance. In Table 6 we present four regression models where we have regressed students’
average exam score on several predictor variables. Not only do the independent variables in each
model significantly predict the dependent variable, but also the change in R” for each successive
model is statistically significant, meaning that each model accounts for significantly more

variance in exam scores than the previous model. In Model 1, the only predictor variable
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included is Female, a dummy variable with a value of 1 for females and 0 for males. The
coefficient of -4.44 in the regression model indicates that the gender difference in exam scores
for this sample of students is 4.44%, favoring males. In Model 2, we add covariates that we have
previously identified are useful predictors of student performance, as well as variables to account
for the semester that students took the course. All of these covariates are significant, meaning
that they are all useful predictors of students’ exam scores. Also, taking into account these
background factors, the difference in exam scores is reduced from -4.44 to -0.11, which is no
longer a significant gender difference. This suggests that unlike in prior chapters, where we
found that gender gap was only partially accounted for by background, in these semesters, the
gender gap in exam scores can be fully accounted for by differences in the mathematics and
physics backgrounds of males and females.

In the next stage (Model 3), we enter self-efficacy into the model. Though we included
students’ pre-course overall physics self-efficacy and each of the four dimensions of physics
self-efficacy into the model, only the pre-course performance self-efficacy was a significant
predictor of students’ exams scores. Additionally, students’ pre-course emotional response score
was also a significant predictor of exam scores. Because that was the only source of self-efficacy
that we had pre-course data on, it was the only one we could include in the regression models. In
the final model (Model 4), we tested all interactions between the independent variables that were
included in Model 3 and Female to see if any of the independent variables predicted exam scores
differently for males and females. The only significant interaction was the Female x Math Score
interaction, indicating that the slope of the line relating math score and exam score for females
was greater than the slope for males. In this final model, which explains 58% of the variance in

students’ exam scores, the adjusted gender gap in exam scores is not statistically significant.
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2. Does self-efficacy predict performance on the FMCE?

A similar model of student performance emerges when regressing the FMCE post-test on
the same independent variables. The five regression models are presented in Table 7. Again, all
models are statistically significant, and each model accounts for significantly more variance in
FMCE scores than the previous model. According to Model 1, the difference in FMCE post-test
scores of males and females in this sample is 11.28%. When background factors are taken into
account (Model 2), this gender gap reduces to 2.88%, and is no longer statistically significant
[#(727)=-1.53, p=0.13]. For this sample of students, about 74% of the gender gap in FMCE post-
test scores can be accounted for by prior physics and mathematics understanding.

In Model 3, we include the pre-course performance self-efficacy. As in the model of
exam scores, pre-course performance self-efficacy is a significant predictor of students’ FMCE
post-test score. In addition, pre-course performance self-efficacy accounts for an additional 12%
of the gender gap in post-test scores. At least some of the gender gap in FMCE post-test scores
can be attributed to females’ lower sense of performance self-efficacy.

In Model 4, we find, again, that the Female x Math Score interaction is a significant
predictor of students’ FMCE post-test scores, meaning that the math score predicts FMCE post-

test score differently for males and females. This was the only significant interaction.
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Because students take the FMCE post-test at the end of the semester (unlike the course
exams which are taken throughout the semester), it is reasonable to use students’ post-course
ratings of the sources of self-efficacy to predict the FMCE post-test score. These ratings are
based on students’ experiences during the semester, which precede them taking the FMCE post-
test. When all four of the sources of self-efficacy scores are included in the model (with all prior
independent variables already included) only the mastery experiences source is a significant
predictor of FMCE post-test scores. The vicarious experiences [p=0.07, #(721)=1.71, p=0.09],
verbal persuasion [p=-0.04, #721)=-1.11, p=0.27], and emotional response [p=0.03,
#(721)=0.57, p=0.57] sources are all not significant predictors. Model 5 is the final model, which
explains 44% of the variance in students FMCE post-test scores. Aside from students’ prior
physics understanding (FMCE pre-test score), the mastery experience source is the strongest
predictor of FMCE post-test scores ($=0.18). Students’ interpretations of their successes and
failures in the physics course, along with their pre-course performance, appear to be important
predictors of their end-of-semester conceptual physics performance.

3. Do the sources of self-efficacy predict self-efficacy?

Now that we have seen that students’ self-efficacy beliefs, particularly their performance
self-efficacy beliefs, are important predictors of their performance in the course, we want to
know what factors impact students’ performance self-efficacy. In Table 8 we present four
regression models in which post-course performance self-efficacy is regressed on a set of
independent variables including both student performance and the four sources of self-efficacy.
Again, all four regression models are statistically significant, and each model accounts for
significantly more variance in post-course performance self-efficacy than the previous model. In

Model 1, we see that there is a gender difference of 0.49 points (on a 1 to 5 scale) in post-course
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performance self-efficacy for this sample of students. In Model 2, students’ average exam score
is included to account for differences in males’ and females’ performance in the course. Student
performance in the course accounts for 39% of the gender gap in post-course performance self-
efficacy. Students’ actual performance in the course contributes significantly to their post-course
performance self-efficacy, and also helps account for the gender gap in self-efficacy. In Model 3,
students’ pre-course performance self-efficacy is added to the model. Students’ confidence level
on tasks related to performing in the course coming into the introductory physics course
significantly predicts their confidence at the end of the course, and also accounts for an

additional 33% of the gender gap in performance self-efficacy.
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Model 4, which includes all four sources of self-efficacy, is the final model of students’
post-course performance self-efficacy. The independent variables in this model account for 73%
of the variance in performance self-efficacy. All four sources are significant predictors of
students’ post-course performance self-efficacy. As Bandura predicted, mastery experiences is a
strong predictor of self-efficacy (=0.19), but the emotional response source is the strongest
predictor ($=0.29). More than anything else that is included in the model, students’ reported
levels of stress, worry, and uneasiness while in the course have the largest impact on their
performance self-efficacy at the end of the semester. Their pre-course performance self-efficacy
($=0.24), their interpretations of their performance in the course (mastery experiences), and
students’ actual performance in the course ($=0.19) all have a significant impact on their post-
course performance self-efficacy. The other two sources of self-efficacy, vicarious experiences
and verbal persuasion, while significant predictors, have a smaller impact on post-course
performance self-efficacy ($=0.10 and p=0.09, respectively). Additionally, in Model 4, the
gender difference in students’ post-course performance self-efficacy is not significant. The set of
variables included in the final model completely accounts for the gender gap in performance
self-efficacy.

There was some evidence in prior literature that the sources of self-efficacy differently
impacted self-efficacy for males and females [35,36]. To test whether this was the case in our
sample, we included all interactions between Female and each of the sources of self-efficacy.
None of these interactions was significant [mastery experiences: p=-0.05, #(714)=-0.07, p=0.59;
vicarious experiences: [3=0.01, #(714)=0.01, p=0.90; verbal persuasion: p=-0.03, #(714)=-0.05,
p=0.69; emotional response: [=0.06, 1(714)=0.08, p=0.34], suggesting that there are no

differences in how the sources predict self-efficacy for males and females. We do not find
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evidence for students in our sample, that any of the sources of self-efficacy are more or less
predictive or critical for males or females. We also included measures of students’ background
understanding of physics and mathematics, but neither was a significant predictor of post-course
performance self-efficacy once the variables in Model 4 were already included [FMCE pretest:
p=0, (716)=-0.13, p=0.90; Math Score: f=-0.002, #(716)=-0.06, p=0.95].

4. Summary

Using multiple regression analysis, we were able to show that self-efficacy, specifically
performance self-efficacy, is an important predictor of student performance in the course, both
on exams and on the FMCE post-test, even when already controlling for background factors.
Students’ pre-course confidence about doing well on exams, completing homework assignments,
discussing physics ideas, and answering professor questions significantly contributes to their
exam and conceptual survey performance. Additionally, accounting for gender differences in
students’ pre-course performance self-efficacy reduced the gender gap in FMCE post-test scores
by an additional 12%, when already taking into account background factors. We also found that
students’ interpretations of their performance in the course, including their homework scores,
how difficult they found exams, and whether they knew the answer to clicker questions, was also
an important factor that impacted student performance on the FMCE post-test.

As far as what impacts students’ performance self-efficacy, we found that all four sources
of self-efficacy were significant predictors of performance self-efficacy. Emotional responses
had the largest impact on performance self-efficacy, and pre-course performance self-efficacy,
mastery experiences, and students’ exam performance also had sizable impacts. Both students’
actual course performance and their interpretations of their performance made unique

contributions to students’ post-course performance self-efficacy. Contrary to prior literature, we
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did not find any evidence that the critical sources of self-efficacy were different for males and
females.
V. Conclusions

In this study, we surveyed students to assess their physics self-efficacy and their
interpretations of experiences in the physics course that impact their self-efficacy (sources of
self-efficacy). We identified gender differences in students’ overall physics self-efficacy coming
into the course; females were less confident about completing the tasks necessary for success in
the introductory physics courses. However, when we break physics self-efficacy out into four
dimensions, pre-course gender differences exist only for the performance dimension of physics
self-efficacy. While females are less confident than males regarding doing well on exams and in
the course, males and females are equally confident about using mathematics in the physics
course, getting help from the professor and TAs, and working with other students. The lack of
gender differences does not persist through the semester. At the end of the semester, females
report less confidence not only in doing well on exams and in the course, but also in using
mathematics in physics and getting help from instructors. While self-efficacy beliefs generally
decrease over the semester for all students, females have more negative shifts in these
dimensions of self-efficacy than males. Additionally, controlling for students’ actual exam
performance does not fully explain the difference in post-course performance self-efficacy
between males and females.

Having identified gender differences in students’ physics self-efficacy, we also wanted to
understand differences in how males and females interpret their experiences in the introductory
physics courses that contribute to the development of their self-efficacy beliefs. Given the gender

differences in post-course physics self-efficacy beliefs that were observed, we would expect to

164



find significant gender differences in each of the four sources of self-efficacy. This was the case;
we identified significant gender differences on all four sources, though large differences were
present only for the mastery experiences, vicarious experiences, and emotional response sources.
Males and females were having different experiences and/or interpreting those experiences
differently in the introductory physics course, which would lead to differing development of
physics self-efficacy beliefs for males and females.

Multiple regression analysis was used to understand what role self-efficacy plays in
student performance. Performance self-efficacy significantly contributed to students’ exam and
FMCE performance in the course, even when background factors like prior physics and
mathematics understanding are included in the regression model. Also, students’ pre-course
emotional responses, their physiological reactions to prior science and physics courses, were a
significant predictor of their exam performance in introductory physics. Of the four sources of
self-efficacy, only the mastery experiences source was a significant predictor of students’
performance on the FMCE post-test.

Regression analysis was also used to understand how the sources of self-efficacy
contribute to students’ self-efficacy development. All four of the sources of self-efficacy
significantly predicted students’ post-course performance self-efficacy. The emotional responses
source was the strongest predictor, followed by students’ pre-course performance self-efficacy,
the mastery experiences source, and students’ exam performance. There was no evidence to
suggest that the impact of the sources of self-efficacy differed for males and females.

VI. Discussion
It is clear from this study that males and females interpret their experiences in the

introductory physics courses differently, those interpretations result in differences in physics
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self-efficacy beliefs, which then contributes to the differences in performance between males and
females in the introductory physics courses. The work of other researchers also suggests that
self-efficacy is a critical factor affecting students’ persistence in science. Taken together, we
argue that the self-efficacy beliefs of students need to be addressed in the introductory physics
course if we want to increase the performance and retention of females in physics. Being aware
of differences between males and females, as well as the negative impact of the introductory
courses is the first step.

The next step is to make changes to the structure of the introductory courses in order to
allow for more experiences that positively impact students’ self-efficacy. Interventions that
provide students with opportunities for mastery experiences have been successful at increasing
students’ self-efficacy beliefs [31,32]. There is also evidence from these studies that reflecting on
the mastery experience by justifying why students could be successful in science may be critical
in the usefulness of the mastery experiences for increasing self-efficacy. In order to provide
mastery experiences for students of all ability levels, exercises in the course need to be aimed at
a variety of student background levels, rather than preferentially teaching to the high-performing
students. Though the impact of vicarious experiences and verbal persuasion on self-efficacy was
smaller than the impact of mastery experiences, it is still important to address these sources of
self-efficacy. When students interact with one another they are provided with opportunities to
observe their peers being successful. It is important that these interactions are structured in order
to facilitate positive interactions that will increase self-efficacy. Creating a classroom community
in which the interactions are comfortable, and not threatening, where expression of ideas, even
wrong ideas, is appreciated and supported, and where students collaborate with diverse groups of

students who have a range of strengths and weaknesses are all ways to provide productive
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vicarious experiences for students [40]. Encouragement and verbal support from peers and
instructors, while only a small contributor to self-efficacy, is important, and some evidence
suggests that verbal persuasion can enhance or undermine the impact of other sources [23].

Gender differences in students’ emotional responses to their prior physics courses as well
as to the Physics 1 and Physics 2 courses, and the strength of the impact of emotional responses
on student performance and students’ physics self-efficacy beliefs is somewhat troubling. In one
sense, it seems impossible that we, as researchers and teachers, can change students’
physiological responses. On the other hand, small changes to the classroom environment and
course structure could go a long way towards easing the stress, worry, and uneasiness of
students. Supportive, non-competitive environments that stress learning over performing could
reduce negative emotional responses among students [55,56,57]. There is some evidence that
more interactive and engaging physics courses that focus on developing students’ understanding
of physics concepts can positively impact females’ self-efficacy [40]. Additionally, careful
thought should go into how students are assessed in these courses. Given that females have more
negative emotional responses to exams, these negative emotional responses contribute to exam
performance directly and through self-efficacy beliefs, and that females interpret performance in
the course more negatively compared to equally performing males, using exams as a primary
way of assessing students should be reconsidered. As the sources of self-efficacy equally impact
self-efficacy for males and females, changes to increase the self-efficacy of females will likely
be beneficial for all students.

Finally, the large gender differences in students’ emotional responses to exams in the

course specifically, suggest that identity threat [58,59,60] may be negatively impacting females
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introductory physics courses. Identity, identity threat, and a brief intervention to alleviate identity

threat among females are the subjects of the next two chapters.

Peer-reviewed publications based on this work

L. E. Kost, S. J. Pollock and N. D. Finkelstein, “Unpacking Gender Differences in Students’
Perceived Experiences in Introductory Physics” in Proceedings of the 2009 Physics
Education Research Conference, edited by M. Sabella, C. Henderson and C. Singh (AIP
Conference Proceedings, New York, 2009) p. 177.
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CHAPTER 5: IDENTITY IN PHYSICS

I. Introduction

In this chapter, we explore students’ sense of physics identity, both how they recognize
themselves and how they perceive being recognized by others as a physics person. We seek to
answer the following research questions: 1) Are there gender differences in students’ sense of
physics identity? 2) How does students’ physics identity change over the course of Physics 1 and
Physics 2? and 3) Does identity predict student performance in the course?

We begin by introducing the theory of learning as identity formation, and then outline the
prior literature on identity in science. We also introduce the model of physics identity that is used
throughout our study, and the prior work that it is based on. We then summarize the research
methods that were used in this study, including the development and administration of the
Physics Self-Efficacy and Identity Survey, and the statistical methods that were employed. The
results are presented in three major sections: students’ sense of self-identity, students’
recognition by others as a physics person, and regression modeling. We find that males are
significantly more likely to self identify and to report that they are recognized by others as a
physics person. When asked why they do or do not see themselves as a physics person, most
student responses involve either their interest in physics or their abilities in physics. More than
half of both males and females report that they felt like less of a physics person at the end of
Physics 1 or Physics 2 compared to the beginning of the class. Again, the most common reasons
were loss of interest in physics or because they didn’t do well in physics. Regression modeling

was used to determine whether students’ physics identity was a useful predictor of student
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performance in the course. Though self-identity was a useful predictor on its own, when
measures of students’ self-efficacy were included, self-identity was no longer a significant
predictor of end-of-semester conceptual survey performance. Implications for the introductory
physics courses and how they can be changed to positively impact students’ development of
physics identity are discussed.
II. Background
A. Learning as Identity Formation

Traditionally, learning is seen as the acquisition of knowledge and the application of that
knowledge to situations unlike the one in which it was learned. More recently, researchers have
viewed learning as increasing participation in a community of practice, where a community of
practice is a group of people all working together towards an agreed-upon goal, using tools,
resources, and ways of doing things that they have appropriated or developed [1,2]. By
participating in activities that are increasingly valued by and essential to the community of
practice, people learn how to be a member of that community of practice. This view of learning
redirects the focus from what students are learning, to who students are learning to be, and brings
identity to the fore. As Wenger describes, “Because learning transforms who we are and what we
can do, it is an experience of identity. It is not just an accumulation of skills and information, but
a process of becoming—to become a certain person or, conversely, to avoid becoming a certain
person,” [2, p. 215]. From this perspective, learning is the process of identity formation. People
develop the knowledge, competence, ways of talking, ways of acting, ways of using tools, and
ways of being that are required for participation in a community of practice [2,3].

Many studies have demonstrated a link between students’ identities and their engagement

and learning in science or math [4,5,6,7,8,9,10,11]. Boaler and Greeno [10,12] studied two types
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of AP Calculus classes, traditional courses and discussion-oriented courses, where students
engaged in discussion about mathematics and had to work together, generate questions and ideas,
and judge the validity of ideas. Though students in the two types of classes achieved at similar
levels, students in the traditional classes reported that they didn’t like mathematics and they
didn’t want to study it further. The traditional course positioned students solely as receivers of
knowledge, and this identity conflicted with the students’ developing identities as independent
thinkers who generated their own ideas. In contrast, in the discussion-oriented class, students
were required to come up with their own ideas and create their own understandings, a type of
participation that was more in line with their identity. Brickhouse, Lowery and Schultz [13]
studied how four middle-school girls engaged in their science classes. Though all four girls
expressed an interest in science and believed that they were good at science, their identities and
views of who they were resulted in a variety of ways, some productive and some not, of
engaging in the science class. They found that the girls who took on the socially accepted “good
student” identity (following teacher’s instructions, completing required tasks, being attentive,
engaging with the material) were able to participate successfully in school science, but those
girls who violated the gender-norms of a “good student” by being disruptive and opinionated,
following her own interests and being disengaged with the class material, or demanding to be
heard and seen as a leader in the class, were less likely to be seen as good at school science.
Brickhouse [14] argues that in order to understand the lack of women in science and to
address the disparity, “we need to know how students engage in science and how this is related
to who they are and who they want to be,” [p. 286]. It is not enough to examine whether males
and females are learning the knowledge necessary to succeed in physics, we have to understand

how they view themselves, how they view physicists, and whether the two are compatible. Prior
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research has shown that the identities of scientists that are conveyed in school are often not
compatible with female students’ identities [3,10,13,15,16,17,18,19]. Carlone [15] found that
girls in an Active Physics high school class rejected the meaning of scientist that was promoted
by the curriculum, because it conflicted with their desire to maintain a “good student” identity.
Many of the girls in the class were taking physics to earn a good grade, which would look good
on their college applications. Going into the class, they expected to take on the traditional role of
a “good student” that had been successful for them in the past. The curriculum, however,
required students to understand science concepts in a meaningful way, be active and hands-on in
laboratory activities, and to work with other students. Carlone argued that, “a transformation
from ‘good student’ as listener, memorize, and recipient of knowledge to ‘good student’ as
active, hard-worker, problem-solver, troubleshooter, and producer of knowledge is difficult,” [p.
404]. The new “good student” identity was seen by the girls in the class as more demanding, and
their perceived reward (a good grade) was the same as in a traditional course.

Researchers have also studied the relationship between identity and persistence in
science, and found the two to be correlated [20,21,22,23]. Carlone and Johnson [20] found that
women of color in their study tended to develop one of three science identities: research scientist
(those women who studied science to learn more about the world), altruistic scientist (women
who redefined and studied science as a way of satisfying their altruistic values), or disrupted
scientist (women who at one time or another felt overlooked or neglected by others within
science). Though all the women in their study were successful in science, women with an
altruistic scientist identity had to redefine what it meant to do science in order to be successful,
and women with a disrupted scientist identity faced more obstacles along their path to becoming

a scientist and over time felt more disconnected with science. Hazari et al. [21] found that
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physics identity correlated strongly with students’ ratings of how likely they were of choosing a
physical sciences career. The work outlined in this section suggests that understanding identity
and the identity development of students in the introductory physics course is critical for
understanding how they engage in the course and whether they choose to pursue physics.
B. Model of Physics Identity

For our study, we draw from the work of Carlone and Johnson [20], who developed a
model of science identity to understand the experiences of successful women of color in their
science-related schooling and careers. Their model of science identity was made up of three
components: competence (knowledge and understanding of science), performance (social
performances of relevant scientific practices), and recognition (recognizing oneself and getting
recognized by others as a “science person”). Hazari, et al. [21] later built upon this model by
making explicit a fourth component, interest (desire/curiosity to think about and understand
science), which Carlone and Johnson had included as part of recognition by oneself. Carlone and
Johnson claim that someone with a strong science identity would rate him/herself highly and
would be rated highly by others in all of these components. It is possible, however, to have
“various degrees and different configurations of science identity,” [p. 1190]. For instance, some
students may be competent and excellent performers, but they may not be recognized by others
as someone that does science. Carlone and Johnson also make the assumption that a person’s
racial, ethnic, and gender identities interact with their science identity. For women in their study,
Carlone and Johnson found that the women'’s racial, ethnic, and gender identities interacted most
critically with the recognition component of science identity, specifically recognition by others.
They claim it is easiest to get recognized as a science person if you look, act, and talk like

current members of the science discipline. The model of physics identity that we use in our
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study, borrowing from both Carlone and Johnson [20] and Hazari et al. [21], is presented in

Figure 1.
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Figure 1. Model of physics identity that guided our investigation of students’ physics identity.

The distinction between competence and performance in this model is somewhat unclear.
Competence is intended to get at what students know and understand about physics and is
measured, according to Carlone and Johnson [20], by test scores and grades. However, we argue,
that taking tests and earning grades is a kind of performance. In that way, it can be difficult (or
maybe impossible) to truly distinguish what people know from what they show that they know
(on tests, homework, or in conversations). For our purposes in this chapter, it is not important to
distinguish between competence and performance, and we will consider them to be deeply
intertwined, if not one in the same. That being the case, in Chapters 2 and 3 of this thesis, the
competence/performance component of physics identity was examined by looking at the exam

scores, course grades, and conceptual survey scores of males and females. Both Carlone and
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Johnson and Hazari, et al. put forth that it is both students’ perceptions or beliefs about each
component and other people’s perceptions about each component that are relevant for
determining an individual’s identity. In Chapter 4 of this thesis, students’ beliefs about their
ability to be competent in physics and to perform relevant physics tasks were examined. Having
already explored the competence and performance components of identity, both in how others
perceive students’ abilities (through exam scores and course grades) and how students’ perceive
their own abilities (through self-efficacy), we now focus on the recognition component of
physics identity in this study. Carlone and Johnson [20], as well as others [11,21,24], have
identified recognition as a critical component of science identity. In their study, Carlone and
Johnson found that receiving recognition from family, teachers, and peers separated those who
developed strong science identities from those who did not. In this chapter, we explore the
recognition component of the physics identities of students in the introductory physics courses.
II1. Research Methods

The goal of this study is to determine to what extent males and females identify and feel
recognized by others as a physics person in the introductory physics courses. We also want to
understand how identity impacts student performance. Guided by the literature outlined in the
previous section, a survey was developed by the author to probe students’ sense of physics
identity. In this section, we discuss the items from the survey that were used to assess students’
physics identity. The items that we use in this analysis are from the same survey that was used to
probe students’ self-efficacy (in the previous chapter). The survey administration, sample of
students, and statistical methodology are the same as in Chapter 4.

The Physics Self-Efficacy and Identity Survey was designed to probe students’ sense of

physics self-efficacy, the sources of self-efficacy (both discussed in Chapter 4), and students’
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sense of physics identity. These three areas comprised the three major sections of the survey.
Here, we will discuss the design of the physics identity section of the survey.

Six multiple-choice items were generated by the author to assess students’ recognition by
themselves and others as a “physics person”. The phrase “physics person” has been used in prior
research to assess students’ sense of identity [21]. The items related to identity on the Physics
Self-Efficacy and Identity Survey included the following statements:

1) I see myself as a physics person.

2) I feel like I could be a good physicist.

3) Other students recognize me as a physics person.

4) A teacher encouraged me to pursue physics.

5) A teacher has told me that I’'m good at physics.

6) My parents have encouraged me to pursue physics.

Students agreed or disagreed with each statement on a Likert-like scale where the options were:
Strongly Disagree, Somewhat Disagree, Neutral, Somewhat Agree, and Strongly Agree. These
items were asked on both the pre- and post-course surveys. By asking these questions on both the
pre- and post-surveys, shifts in physics identity over the course of the physics class could be
examined. Because of concerns about the length of the survey, only four of the six items (#1, #2,
#3, and #5) were included in the survey given in the K1-2 and G2-4 semesters. These four items
were chosen based on preliminary analysis of which items showed gender differences.

In addition to these multiple-choice items, there were several open-response questions
included on the surveys. On the pre-course survey, students were asked:

» Do you see yourself as a science person? Why or why not?

» Do you see yourself as a physics person? Why or why not?
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« What are you planning to major in? What made you decide to choose that
major? Are there any specific experiences that you recall that helped you
decide?

+ Did you ever consider being a physics major? What made you decide to choose
or not choose physics?

On the post-course survey, students were asked:
» Do you see yourself as a physics person? Why or why not?
» Has your answer to the above question changed since the beginning of the
semester? Why or why not?
* Do you feel like you could be a good physicist? Why or why not?
All of these open-response questions were asked only on the surveys given in the KI1-1, J1-2,
J2-2, and N2-2 semesters. Student responses to some of these questions in the K1-1 semester of
Physics 1 were analyzed for this study.
IV. Results

When looking at the six items related to the recognition component of physics identity,
we break the items into two groups: self-identity and recognition by others. We discuss results
from each source of recognition in this section. Throughout this section, when analyzing student
responses to individual survey items, statistical comparisons were made using all five answer
options that students were presented with. For simplicity in representing distributions of student
responses, the Strongly Disagree and the Somewhat Disagree answer options were collapsed into
Disagree, and the Strongly Agree and Somewhat Agree answer options were collapsed into
Agree in all plots of responses to individual items. Additionally, student responses from all three

semesters of each course were combined.
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A. Students’ Sense of Self-Identity

There were two items related to students’ own recognition of themselves as a physics
person. We start by comparing the distribution of male and female responses to each of these
items on the pre- and post-course surveys in Physics 1 and Physics 2.

1. Isee myself as a physics person.

The distribution of responses to the statement I see myself as a physics person is
presented in Figure 2. Males are significantly more likely to agree with the statement / see myself
as a physics person than females in both Physics 1 and Physics 2, at both the beginning and end
of the semester [all p’s<0.01]. At the end of Physics 1, about 50% of the female students
disagree with the statement / see myself as a physics person, and that level of disagreement
persists into and throughout Physics 2. Conversely, only between 20% and 30% of males

disagree with the statement.
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Figure 2. Distribution of male and female responses on the pre- and post-course surveys in Physics 1 and Physics 2
to the statement: / see myself as a physics person. In both Physics 1 and Physics 2, on both the pre- and post-course
surveys, males are significantly more likely than females (p<0.01) to agree with the statement. Additionally, in
Physics 1, both males and females shift towards disagreeing with the statement (p<0.01) from pre- to post-course,
but in Physics 2, there is no significant shift (p>0.1) in the distributions of responses.
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We also compare the distribution of responses by males and females on the pre- and post-
course surveys to see if their responses changed over the semester. In Physics 1, both males and
females shifted significantly towards disagreeing with the statement [males: Z=-4.37, p<0.01;
females: Z=-5.16, p<0.01 [25]]. However in Physics 2, there were no significant differences
between the distributions of responses at the beginning and end of the semester [males: Z=-1.47,
p=0.14; females: Z=-1.43, p=0.15]. While in Physics 1, students report that they see themselves
less as a physics person over the course of the semester, there is no change in Physics 2.

In addition to the multiple-choice data collected on this item, we also have students’ open
responses to the question Do you see yourself as a physics person? Why or why not? The pre-
course data from the K1-1 semester of Physics 1 was analyzed. Students’ pre-course responses to
this question were first coded into four categories: yes, no, kind of, and I don’t know. Some
students answered both yes and no, and so their responses were coded in both categories. Males
and females differed significantly in their distribution of responses among the four categories
[%*(3, N=414)=26.8, p<0.01]. In line with students’ multiple-choice responses, 67% of males
versus 43% of females answered yes, that they did see themselves as a physics person. 24% of
males and 40% of females answered no, that they did not see themselves as a physics person.
Only about 5% of both males and females said that they sort of saw themselves as a physics
person. The remaining students, 6% of males and 17% of females, said that they didn’t know if
they saw themselves as a physics person, most often because they hadn’t taken a physics course
before or didn’t really have a good idea of what physics was.

The second step in coding students’ responses to whether they saw themselves as a
physics person, was to categorize their reasons for either being or not being a physics person.

There were four main reasons that students gave for seeing themselves as a physics person. Some
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students’ responses fell into more than one category, and could be double-coded. The
distribution of males and females across the four reasons did not differ significantly [x*(3,
N=267)=0.90, p=0.82]. The most popular reason students gave for seeing themselves as a
physics person was that they wanted to know how the world around them worked (54% of

females and 43% of males). Students gave responses similar to,

Yes, I see myself as a physics person because understanding
physics will help me understand more about the world and my
surroundings.

Yes. Physics is very practical and is uses [sic] in everything that
we use in everyday life. We are always surrounded by physics whether
we like it or not. Physics is very easy to apply to everything.

Another popular reason given was that students liked, enjoyed, or were interested in physics.
44% of both males and females gave this reason for being a physics person. Students who gave

this reason wrote,

I do see myself as a physics person in the sense that I enjoy
physics and like doing physics problems.

I do see myself as a physics person because it’s interesting to me
to understand about the movement of objects such as how much work is
needed to move a block from point a to point b. There are so many real-
life applications.

The other two reasons that students gave for seeing themselves as a physics person were that
they were good at physics (17% of females and 10% of males) or that they liked or were good at
mathematics (19% of females and 16% of males).

In examining the reasons students gave for why they did not see themselves as a physics
person, we identified five main reasons. The distribution of males and females across the five

reasons did not differ significantly [x*(4, N=103)=1.18, p=0.95]. The most popular reason given
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was that students said they were not a physics person because they were not good at physics
(31% of females and 28% of males). Another popular reason was that students were more

interested in something else (24% of females and 18% of males), giving responses such as,

No. I’ve always been more interested in the life sciences and in
the humanities.
About 20% of both males and females said they were not a physics person because they didn’t
like, enjoy, or were not interested in physics. Other reasons given for not being a physics person
were because they were not good at or didn’t like mathematics (12% of females and 10% of
males) or they didn’t know what physics was (12% of females and 16% of males).

Students gave similar reasons for being and not being a physics person at the end of the
course, on the post-course survey. At the end of the semester students were also asked whether
their answer to the question of whether they saw themselves as a physics person had changed. In
examining the responses from students who reported that their answer had changed, 57% of
males and 65% of females reported that they saw themselves as less of a physics person at the
end of the course. The difference between males and females is not significant [x(1,
N=146)=0.85, p=0.36]. Most students said they were less interested in physics or they realized

that they weren’t good at physics after taking Physics 1. Some example responses are,

I have lost interest in physics. This physics class isnt fun, its to
technical and formal. Physics is fun when you know what youre doing,
just knowing the formulas doesnt do anything, which is why I dislike this
class; it stresses the formulas way too much. [sic]

Physics has become more difficult as the semester has gone on
and I feel that some of the lessons don’t delve into real life examples
enough for me to conceptualize the problem. As a result, I question my
ability to be a physics person because the subject has become more
difficult.
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43% of males and 35% of females who reported that their answer had changed, said that they felt
like more of a physics person. Again, most of these students said they felt like more of a physics
person because they were more interested in physics, because they had learned more physics, or
because they felt more confident in physics. Some example responses of students who said they

became more of a physics person over the course of Physics 1 are,

This semester, I learned about physics a lot more than I did in
high school. I know what the physics concepts are saying and how they
apply to solving physics problems.

I didn’t see myself as a “physics person” at the beginning of the
semester but I knew I was capable of doing well in physics. Now I feel
more of a connection to the subject and its role in everyday life and my
future career.

I am more confident in myself in physics, at least in certain areas
like kinematics. Other areas I feel that I have not changed. However in
general, I feel like that I am more confident.

From these open-response questions, it seems that while female students are less likely to see
themselves as a physics person, males and females give the same reasons for why they are and
are not physics people. Students regard themselves as a physics person based primarily on
whether they are interested in physics and/or whether they are good at physics.

2. Ifeel like I could be a good physicist.

The second item related to students’ recognition of themselves as a person that does
physics was [ feel like I could be a good physicist. Student responses to this item are presented in
Figure 3. Again, as with the previous statement, in both Physics 1 and Physics 2, on both the pre-
and post-course surveys, males were more likely to agree with this statement than females [all
p’s<0.01]. At the end of Physics 1 and Physics 2, only about 40% of females agreed with this

statement, compared to 60% to 70% of males.
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Figure 3. Distribution of male and female responses on the pre- and post-course surveys in Physics 1 and Physics 2
to the statement: / feel like I could be a good physicist. The five answer options were collapsed to three categories.
In both Physics 1 and Physics 2, on both the pre- and post-course surveys, males are significantly more likely than
females (p<0.01) to agree with the statement. Additionally, in Physics 1, both males and females shift towards
disagreeing with the statement (p<0.01) from pre- to post-course, but in Physics 2, there is no significant shift
(p>0.1) for males in the distributions of responses, but there is for females (p<0.01).

We also compared the pre- to the post-course distributions of responses for males and
females. In Physics 1, both males and females shifted towards disagreeing with the statement /
feel like I could be a good physicist [males: Z=-8.30, p<0.01; females: Z=-6.30, p<0.01]. In
Physics 2, males’ responses did not change from pre- to post-course, but females’ responses
shifted significantly towards disagreement [males: Z=-1.42, p=0.16; females: Z=-3.29, p<0.01].
Over the course of Physics 1, and for females in Physics 2, students became less likely to agree
that they could be a good physicist.

On the post-course survey, students were asked the open-response question Do you feel
like you could be a good physicist? Why or why not? Students responses were first categorized as
either yes, no, or maybe. The response patterns of males and females were significantly different

[%*(2, N=487)=9.16, p=0.01 and when only comparing yes/no responses, x-(1, N=446)=8.92,
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p<0.01]. 57% of males compared to 43% of females reported that they could be a good physicist.
35% of males and 50% of females reported that they would not be a good physicist. The reasons
students gave for feeling like they could or could not be a good physicist were similar to the
reasons they gave for seeing themselves or not seeing themselves as a physics person. The most
popular responses were that students were or were not interested in physics or were or were not
good at physics. Again, there were no significant gender differences in the reasons that students
gave for not being a good physicist [¢*(4, N=177)=6.04, p=0.20]. Some other common reasons
that students gave for not feeling like they could be a good physicist, were that they weren’t good
enough at mathematics, they didn’t do well in the course, or that it would be too hard or require
too much work. Some students (13% of males and 22% of females) said that they didn’t have
specific skills that are required for physics, like paying attention to details and being patient.

Some examples are,

I feel I could not become a good physicist because I often don't
have the patience to solve some of the more complex problems posed in
the physics classes I have taken.

I do not feel like I would be a good physicist, because 1 would
forget to take into consideration all of the different concepts that could
act on one situation at any time.

I don't think I would. I don't see myself having the capability to
think and be innovative in my research.

Not at all. My mind just doesn't seem to work in a physicist's
way. My brain can't comprehend all of the material as quickly as a
physicist's would.

Other students (12% of males and 8% of females) gave specific aspects of physics that didn’t

appeal to them, like there was too much theory or too many calculations. For instance,
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i prefer to be a problem solver rather than a
postulator/experimentor. [sic]

I don't feel like I have enough of a knack to make physics my
profession; [...] as for doing research in the field and discovering "new"
physics, I'm not certain that I would have enough of a competitive edge.

I do not think I would be a good physicist. That is what my
father does. I could not handle the stress and pressure of the job.

Not really, there is too much theory, I am more of a hands-on
person.

No, I do problem solving, not theory.

Though I like learning the subject matter, I do not see me as a
physics person, because I would much rather be involved in a profession
without intense calculations, and more people-to-people interaction.

In many cases, students’ comments suggest they have a view of physics that might not align with
experts’ views. These comments could be a response to how the course was taught in this
particular semester. Analysis of student responses in other semesters is needed to see if these
trends are widespread. Again, as with the prior open-response questions, while we see gender
differences in students’ multiple-choice responses, males and females give the same reasons for
their responses.
3. Average Self-Identity

Student responses are averaged across the two multiple-choice items to get a measure of
students’ self-identity, or how much they recognize themselves as a physics person [26]. Pre-
course average self-identity scores of males and females are presented in Figure 4. In all
semesters, females have a significantly lower sense of physics self-identity than males [all
p’s<0.01]. At the beginning of the Physics 1 and Physics 2 course, females are less likely than

males to see themselves as someone that can do physics.
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Figure 4. Male and female average pre-course self-identity score for each semester of Physics 1 and Physics 2. In all
semesters, males have significantly higher physics self-identity than females at the beginning of the semester (all
2<0.01).

Figure 5 presents the effect size of shifts in students’ physics self-identity over the course
of Physics 1 or Physics 2. In Physics 1, both male and female students shift significantly towards
a lower sense of physics self-identity [all p’s<0.01]. For males, the effect size of the shifts is
around -0.3 (a small effect size), while for females the effect size of the shifts is between about
-0.3 and -0.6 (small to medium effect sizes). In the K1-1 and J1-2 semesters, there is no
significant gender difference in the size of the negative shifts [#326)=0.68, p=0.50 and
#(475)=1.41, p=0.16, respectively], but in the K1-2 semester, females have negative shifts that
are more than twice that of males [#(300)=2.55, p=0.01]. In Physics 2, the shifts are much smaller
and not always statistically significant. The effect sizes of shifts for males are between about -0.1
and 0.1, while the effect sizes of shifts for females are between about -0.1 and -0.2 (all are small
effect sizes). While we observe small to medium negative effect size shifts in Physics 1, the

shifts in Physics 2 are small or insignificant.
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Figure 5. Effect size of shifts in students’ self-identity over the course of Physics 1 or Physics 2. The effect size of
the shifts is given by ES=(post — pre)/SD,,.. Error bars are given by (SE, ,,,62+SE ,,,,S,Z)I/Z/SD,,,E. In all three semesters of
Physics 1 both males and females significantly shift towards a lower sense of physics self-identity (all p<0.01). In
Physics 2, males do not shift significantly or shift towards a higher sense of physics self-identity (Fall 2009).
Females shift significantly toward a lower sense of physics self-identity in two of the three semesters.

We know from the analysis of distributions of students’ declared major by gender that
males and females have different majors in Physics 1 and Physics 2. Females are less likely to be
physics and engineering majors and more likely to be other science majors. The difference in
majors between males and females could be responsible for the gender gaps in physics self-
identity that we observe. Figure 6 presents the average physics self-identity of males and females
in Physics 1 and Physics 2 broken out by students’ declared major. This allows a comparison of
the physics self-identities of students with the same major. First, for both males and females,
there are significant differences in students’ pre-course self-identity by major [via ANOVA, both
p<0.01]. As we would expect, male and female physics majors had significantly higher physics
self-identity than did males and females from other majors. In comparing males to females
within each major, in almost all cases, males have significantly higher physics self-identity than

females. The exceptions are physics majors in both Physics 1 and Physics 2, non-science majors
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in Physics 1, and undeclared majors in Physics 2, who all had no significant gender differences
in physics self-identity. While accounting for student major does account for some of the gender
difference in students’ pre-course physics self-identity, it does not fully explain why females

report lower physics self-identity than males.
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Figure 6. Average pre-course physics self-identity of males and females in Physics 1 and Physics 2 by declared
major. For all majors except physics, females have a significantly lower sense of physics self-identity than males.

We also explored how students’ self-identity shifted over the semester for different
student majors (see Figure 7). In Physics 1, both males and females of all student majors shift
toward a lower sense of physics self-identity. These negative shifts have an effect size between
-0.2 and -0.6 (small to medium effect sizes). In Physics 2, however, the shifts are much smaller
for all students (between about 0.05 and -0.2), except for female physics majors whose negative
shifts have an effect size of -0.6. The larger negative shifts of female physics majors over the
semester result in females having a lower sense of physics self-identity than males at the end of
the semester (the post-course gender differences are not statistically significant though, given the

small number of female physics majors, 16 in Physics 1 and 10 in Physics 2). It appears that for
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female physics majors, those female students who come into the introductory physics courses
wanting to study physics, their sense of being a physics person is negatively impacted in the

introductory physics courses.
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Figure 7. Effect size of shifts in student’s physics self-identity by major in Physics 1 and Physics 2. The effect size
of the shifts is given by ES=(post — pre)/SD,,.. Error bars are given by (SE,."+SE s’ )"”/SD,.

B. Students’ Sense of Recognition By Others

Four survey items were related to students’ perceptions of being recognized by others,
teachers, peers, and parents, as someone that can do physics. We first examine students’
responses to each individual item, and then look at males’ and females’ average recognition by
others.

1. Other students recognize me as a physics person.

Students were asked to agree or disagree with the statement, Other students recognize me
as a physics person. As presented in Figure 8, females are significantly less likely to agree with
this statement in both Physics 1 and Physics 2, at both the beginning and end of the semester [all

p’s<0.01]. In Physics 1, only about 30% of females agree that other students recognize them as a
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physics person, while about 50% of males agree with the statement. In Physics 2, about 35% of
females agree with the statement, while between 55% and 65% of males agree with the
statement. In terms of being recognized by peers as someone that is good at physics, only about
'/5 of the females students, compared to % of the male students, report that other students see

them as a physics person.
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Figure 8. Distribution of male and female responses on the pre- and post-course surveys in Physics 1 and Physics 2
to the statement: Other students recognize me as a physics person. The five answer options were collapsed to three
categories. In both Physics 1 and Physics 2, on both the pre- and post-course surveys, males are significantly more
likely than females (p<0.01) to agree with the statement. Except for males in Physics 2, the distributions of students’
responses to this item do not change significantly from pre- to post-course.

There are very few shifts in students’ responses to this question over the course of the
semester. In Physics 1, neither males nor females have significantly different distributions of
responses between the pre- and post-course surveys [males: Z=-0.36, p=0.72; females: Z=-1.04,
p=0.30]. In Physics 2, the female distribution of responses to the statement Other students
recognize me as a physics person does not change significantly [females: Z=-1.16, p=0.24], but

the male distribution does [males: Z=-5.59, p<0.01]. At the end of Physics 2, more males agreed
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that they were recognized by other students as a person that can do physics compared to at the
beginning of Physics 2. For the most part, students’ perceptions that they were recognized by
their peers as a physics person were the same at the beginning and end of the semester.

2. A teacher encouraged me to pursue physics.

Two survey items were related to recognition by teachers as a physics person. The first
statement was A4 teacher encouraged me to pursue physics. The distributions of student responses
to this statement are presented in Figure 9. In Physics 1, there are no significant gender
differences in the responses to this statement on either the pre- or post-course survey [both
p>0.1]. Between 50% and 60% of both males and females agree that a teacher has encouraged
them to pursue physics. In Physics 2, however, female students are significantly less likely than
male students to agree that a teacher has encouraged them to pursue physics, both at the
beginning and end of the semester [pre: Z=-2.83, p<0.01; post: Z=-2.99, p<0.01]. Only about
35% of females agree with the statement, compared to about 45% of males. In neither Physics 1
nor in Physics 2 did the distributions of student responses change between the pre- and post-

course surveys [all p’s>0.3].
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Figure 9. Distribution of male and female responses on the pre- and post-course surveys in Physics 1 and Physics 2
to the statement: 4 feacher encouraged me to pursue physics. The five answer options were collapsed to three
categories. In Physics 1, on both the pre- and post-course surveys, there is no significant gender difference in student
responses to this statement (»p>0.1). There are gender differences on both the pre- and post-course survey in Physics
2 (p<0.01). The distributions of students’ responses to this item do not change significantly from pre- to post-course
(all p>0.3).

3. A teacher has told me that I’'m good at physics.

The second item related to recognition by teachers asked students to agree or disagree
with the statement A4 teacher has told me that I'm good at physics. Student responses to this item
are presented in Figure 10. At both the beginning and end of Physics 1 and Physics 2, females
are significantly less likely than males to agree with this statement [all p’s<0.01]. Between 35%
and 50% of females agree with the statement, compared to between 50% and 60% of males.
Unlike the prior item, in which there were not significant differences between students’ pre- and
post-course responses, for this item, all students shift towards disagreeing with the statement [all
p’s<0.02, except females in Physics 2 where p=0.08]. Compared to the beginning of the course,

students are less likely to agree that a teacher has told them that they are good at physics at the

end of the course.
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Figure 10. Distribution of male and female responses on the pre- and post-course surveys in Physics 1 and Physics 2
to the statement: A teacher has told me that I'm good at physics. The five answer options were collapsed to three
categories. In both Physics 1 and Physics 2, on both the pre- and post-course surveys, there are significant gender
differences in student responses to this statement (»p<0.01). The distributions of students’ responses to this item do
change significantly from pre- to post-course for all students except females in Physics 2.

4. My parents have encouraged me to pursue physics.

The final item related to students’ perceptions that others recognize them as a physics
person asks students to agree or disagree with the statement My parents have encouraged me to
pursue physics. In Physics 1, male and female responses to this statement are not significantly
different [pre: Z=-0.09, p=0.93; post: Z=-0.24, p=0.81]. Between 35% and 40% of males and
females agree that their parents encouraged them to pursue physics. Additionally, the
distributions of responses do not change from the pre-course to the post-course surveys [males:
Z=-1.77, p=0.08; females: Z=-0.74, p=0.46]. At both the beginning and end of Physics 1, males
and females report receiving about equal levels of encouragement from parents to pursue

physics.
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In Physics 2, however, at both the beginning and end of the semester, females are
significantly less likely to agree that their parents encouraged them to pursue physics [pre: Z=-
2.24, p=0.03; post: Z=-3.19, p<0.01]. Only about 30% of females agree with the statement,
compared to about 40% of males. Neither males nor females in Physics 2, significantly change
their responses to this item over the semester [males: Z=-1.39, p=0.16; females: Z=-0.09,

»=0.93].
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Figure 11. Distribution of male and female responses on the pre- and post-course surveys in Physics 1 and Physics 2
to the statement: My parents have encouraged me to pursue physics. The five answer options were collapsed to three
categories. In Physics 1, on both the pre- and post-course surveys, there are no significant gender differences in
student responses to this statement (p>0.8). In Physics 2, female students are significantly more likely to disagree
with the statement compared to males on both the pre- and post-course surveys (p<0.03). The distributions of
students’ responses to this item do not change significantly from pre- to post-course for all students.

5. Average Recognition By Others
Just as with self-identity, we look at male and female average values of recognition by
others over all statements for each semester of Physics 1 and Physics 2 [26]. These data are

presented in Figure 12. In all semesters except the J1-2 semester of Physics 1, females are less
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likely to report that other people recognize them as someone that can do physics [all p’s<0.01].
Looking at the shifts in students’ reported recognition by others from pre- to post-course, we find
that the shifts are not significant in all semesters except the K1-1 semester of Physics 1. For the
most part, students’ perceptions of peers, teachers, and parents recognizing them as the kind of

person that can do physics doesn’t change over the course of Physics 1 or Physics 2.
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Figure 12. Average pre-course recognition by others scores for males and females in Physics 1 and Physics 2 by
semester. In all semesters except the Spring 2010 semester of Physics 1, females report that others are significantly
less likely to recognize them as a physics person (all p<0.01).

In the same way that students’ self-identity was broken out by students’ declared major,
we also break recognition by others out by major. The trends for recognition by others are
similar to those found for self-identity. There are significant differences in recognition by others
as a physics person by students’ major [via ANOVA, both p<0.01]. Both male and female
physics majors report the highest level of recognition by others. Gender differences exist within
almost all majors in both Physics 1 and Physics 2, but the differences are significant only for

engineering and other science majors (likely because of the small numbers of students in the
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other major categories). Again, accounting for student major explains some but not all of the
gender differences in recognition by others that are observed.
C. Regression Modeling

In addition to exploring students’ reported self-identity and recognition by others, and
gender differences in each, we also want to know whether identification by self or by others is a
useful predictor of student performance in Physics 1 and Physics 2. We use a multiple regression
analysis to model students’ FMCE post-test scores as a function of their gender, prior physics
and mathematics understanding, and identity. In addition to the regression model generated to
predict FMCE post-test scores, models to predict students’ exam scores in Physics 1 and Physics
2 were also developed. The trends for each of these dependent variables were the same, so we
present the model of FMCE post-test scores as a representative example. Details of the
regression analysis for exams can be found in Appendix B.

Four regression models are presented in Table 1. The independent variables in each
model significantly predict students’ FMCE post-test scores [all £°s>23.00, p’s<0.01]. In Model
1, Female is the only variable included in the model. The coefficient of this variable indicates
that the gender difference in FMCE post-test scores for this sample is 11.28%. In Model 2,
covariates are included to control for students’ prior physics and mathematics understanding as
well as the semester that they took Physics 1. Controlling for these background variables reduces
the gender gap from 11.28% to 2.88%. In Model 3, the two variables related to identity are
included in the regression model. This model accounts for 41% of the variance in FMCE post-
test scores. As can be seen, students’ pre-course self-identity is a significant predictor of
students’ post-course FMCE scores [$=0.09, #(725)=2.23, p=0.03]. Whether or not students see

themselves as a physics person significantly impacts their performance on an end-of-semester
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conceptual survey. Students’ pre-course perceptions about whether other people see them as a
physics person, however, are not a useful predictor of performance [f=-0.04, #(725)=-0.86,
p=0.39].

Though self-identity appears to be a useful predictor of student performance according to
Model 3, we find that when other independent variables are included in the model, students’ self-
identity does not remain significant. In Model 4, we include students’ pre-course performance
self-efficacy, which is a significant predictor of FMCE post-test scores [$=0.12, #(725)=3.39,
p<0.01]. When pre-course self-efficacy is included, students’ pre-course self-identity is no longer
a significant predictor of end-of-semester performance [$=0.01, #(725)=0.24, p=0.81]. While
self-identity can be a useful predictor of FMCE performance, other factors, like self-efficacy are

more powerful.
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V. Discussion and Conclusions

In this study, we explored students’ own sense of their physics identity and their
perception that they are recognized by others as a physics person. Females report both having a
lower sense of physics self-identity and being recognized less by peers, teachers, and parents as a
physics person. These differences remain even when controlling for students’ declared major,
except among physics majors. From students’ open-responses to questions about their physics
self-identity, students consider interest and competence/performance to be important indicators
of whether they consider themselves a physics person. This aligns with our model of physics
identity, in that students identified three of the four components as being important to their sense
of whether they are a physics person. From the open-responses, we did not find any evidence that
recognition by meaningful others was critical for students’ assessment of self-identity, as
Carlone and Johnson found [20]. This could be due to differences in the populations that were
studied. Recall that Carlone and Johnson studied the identities of successful female scientists,
whereas our work focuses on introductory college physics students. Our results together with
Carlone and Johnson’s work, suggest that interest and competence/performance may be
important in students’ early physics identity development, but to maintain and further develop a
physics identity, recognition by meaningful others is critical.

We did not find that students’ self-identity or their recognition by others was a significant
predictor of student performance in the introductory physics courses when other measures of
student background and physics self-efficacy were included. It is still possible, however, that
students’ sense of physics identity affects their prior physics and mathematics understanding (in
terms of the high school courses they took) and their physics self-efficacy (since students’ beliefs

about their competence in physics is one component of identity), and in that way is important for
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students’ performance. Additionally, though identity was not a useful predictor of performance,
it may prove important, as others have suggested [20,21,22,23], in understanding student
retention in physics and why some students leave the physics major.

The negative shifts that we observe over the course of Physics 1 and Physics 2 in
students’ beliefs that they are the kind of person that can do physics, especially among female
physics majors, is troubling. It is important for all students, but especially those students who
want to pursue physics as a college major, to see themselves as the kind of person that can do
physics, to believe that they are capable of understanding physics and engaging in conversations
and arguments where physics understanding is required. Examining students’ explanations for
why they saw themselves as less of a physics person offers some insight into how the
introductory physics course can be changed to promote development of successful physics
identities. Most students lost interest in physics or found physics to be too difficult. Incorporating
more topics of broad interest in the introductory courses could help to show students how
physics connects to their specific, non-physics interests or their lives outside of class. There is
some evidence that adopting a curriculum that incorporates topics that girls report being
interested in, can, when combined with other techniques that promote girls’ engagement in the
physics class, prevent a loss of interest in physics among both girls and boys compared to
traditional classes [27]. Carlone [15] also identified that the portrayed and perceived difficulty of
a reformed high school physics class was a factor that led female students to feel alienated and
disconnected with physics. It was made clear to students that not everyone would be able to
understand everything that was taught, and there was a perception among students that the
people with raw talent in physics were the boys. Regardless of whether these ideas were true

(there were girls and boys who both succeeded and struggled in the class), they sent the message

205



to girls that they were not the kind of person who would be good at physics. Interestingly, she
found that other ways in which the difficulty of physics was conveyed were not necessarily
based on students’ ability, but rather on arbitrary factors, like having to do many problems in a
limited amount of time. By changing the messages that are sent to students in the introductory
physics courses about who can do physics and removing some of the arbitrary ways in which
physics is made difficult, more students may see themselves as people that can do physics.

There are other changes that can be made to the introductory physics courses that can
promote the positive development of students’ identities. Hazari, et al. [21] studied the high
school physics experiences that predicted students’ physics identity. They found that practices
like focusing the class on conceptual understanding, discussing current relevant science,
discussing the benefits of being a scientist, and encouraging students to take science classes all
positively related to students’ physics identity. One other factor that they found to significantly
increase females’ physics identity (while not hurting males’) was to discuss female-
underrepresentation in physics. Incorporating one or more these practices in the introductory
physics courses could go a long way towards increasing students’ physics identity.

If we want to increase the participation of females in physics, we need to focus not only
on how students are performing in the course, but also on their development as physicists. This
study has shown that females’ self-identities, more than males’, are negatively impacted by the
introductory physics courses, in part because they think they are not doing well in the course and
believe they are not capable of doing physics. In the next chapter, we bring together these two
ideas, performance and identity. We implement an intervention aimed at alleviating the threat to

female students’ identities as a way to address gender disparities in performance.
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Peer-reviewed publications based on this work

L. E. Kost, S. J. Pollock and N. D. Finkelstein, “Unpacking Gender Differences in Students’
Perceived Experiences in Introductory Physics” in Proceedings of the 2009 Physics
Education Research Conference, edited by M. Sabella, C. Henderson and C. Singh (AIP
Conference Proceedings, New York, 2009) p. 177.
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CHAPTER 6: IDENTITY THREAT AND A
SELF-AFFIRMATION INTERVENTION IN PHYSICS 1
I. Introduction

In the prior chapters we have found 1) gender differences in students’ performance on in-
class exams and a pre- and post-test measure of student conceptual understanding, 2) that this
gender gap can be largely (and in some cases entirely) accounted for by differences in the
preparation of males and females coming into the physics courses, 3) females report feeling less
confident than males in their ability to succeed in the introductory physics courses, and 4)
females are less likely than males to report that they see themselves as a physics person. Based
on these findings, we hypothesized that identity threat may be inhibiting females’ performance in
the introductory courses. Researchers have demonstrated that identity threat can be alleviated
through self-affirmation. In this chapter, we report on a large-scale classroom study that tested
the effectiveness of a psychological intervention, called values affirmation, in reducing the
gender gap in Physics 1. We answer the following research question: Can the performance
differences between males and females be reduced, or even eliminated, with a self-affirmation
intervention?

We begin by describing identity threat and its effect on student performance. We then
discuss prior literature on self-affirmation and its demonstrated alleviation of achievement
differences between groups of students. We summarize the research methods that were used in
this study, including the study design, sample of students, the affirmation exercises, the outcome

measures that were analyzed, and the statistical methods that were employed. The effects of the
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self-affirmation intervention on each of the outcome measures are presented. We find that the
self-affirmation intervention was successful in reducing the gender gap both in students’ in-class
exam scores and their conceptual post-test scores. The reduction in the gender gap was primarily
due to affirmed females’ increased performance compared to females in a control group. Further,
the effect of the intervention was moderated by students’ endorsement of the stereotype that men
are expected to do better in physics than women. There was a negative relationship between
stereotype endorsement and performance on exams and the conceptual survey for females, unless
they had completed the values affirmation exercise, in which case they were buffered from the
negative impact of stereotype endorsement. Lastly, we report the results from a replication study.
We did not find a statistically significant effect of the intervention on the gender gap in the
replication study. We discuss the implications of these results on the potential utility of this
intervention for addressing gender disparities in introductory physics.
II. Background

Because gender achievement gaps have important educational and societal implications,
several attempts have been made to reduce them. For example, in physics, interactive techniques
such as Peer Instruction [1] and curricular materials, such as Tutorials in Introductory Physics
[2] and Context-Rich Problems [3,4], can reduce the gender gap in college physics classrooms
[5]. Larger-scale attempts to reduce the gender gap in physics include restructuring the entire
physics course [6,7,8] or introducing mentoring programs focused on women [9]. While some of
these attempts have reduced gender gaps [5], interventions in science education have focused
mostly on instructional methods. Many have not taken into account social-psychological and

cognitive processes that lead to gender differences in performance and learning. One such
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process is identity threat. We describe identity threat below, as well as self-affirmation, a
proposed method for alleviating identity threat.
A. Identity Threat

Identity threat [10,11,12] occurs when a person’s self-integrity (his/her sense of being a
good and appropriate person) is threatened due to a negative characterization of an aspect of
his/her social identity in a particular setting. Individuals have multiple social identities, for
example, their sex, ethnicity, race, age, professional identity, social class, etc. When a person
realizes that he/she can be negatively judged based on his/her social identity in a particular
setting, that individual’s identity has been threatened. For instance, a female student experiences
identity threat when she becomes aware that she can be negatively judged in her physics course
because she is a woman. An example of identity threat is stereotype threat [10,13,14], where the
negative characterization is a specific stereotype about one’s group, for instance “women can’t
do math.” But a negative stereotype isn’t the only way to trigger identity threat. Any cue that
alerts an individual that he/she could be devalued based on his/her group identity can arouse
identity threat. Examples of such cues include a lack of people in a setting who share a particular
social identity (fewer women in a physics course), or cues that social identity plays an
organizational role in the setting (men do better in the physics course) [10]. When people pick up
on these cues, they become more aware that they can be negatively judged based on their social
identity, and are thus subject to identity threat.

Identity threat has been shown to undermine the performance of stereotyped or threatened
students [10,15,16,17]. Spencer, et al. [15] demonstrated the effect of stereotype threat on
females’ mathematics performance. They found that when students were told that a difficult

standardized math test generally produced gender differences (thereby arousing stereotype threat
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among female students), females performed worse than equally qualified males. However, when
students were told that the same test generally did not show gender differences (alleviating
females’ concerns that their poor performance would confirm the stereotype that “girls can’t do
math”), females’ performance increased, matching that of the males. The negative impact of
stereotype threat on females’ mathematics performance has been demonstrated across a variety
of contexts [18,19,20,21] and for students as young as 5 and 6 years old [22].

The effects of stereotype threat on performance have also been shown for other minority
student groups, such as African American and Latino students compared to White students
[13,14,17,23]. But it is not only minority students that can be impacted by identity threat. In one
study, researchers found that White males underperformed on a difficult mathematics test
compared to Asian males [24]. In this study, researchers aroused stereotype threat simply by
telling participants that they were studying why Asian males were so good at mathematics. This
study demonstrates that students don’t need real-life exposure to the stereotype (since there is not
a pervasive stereotype that White males are not good at math) or even to believe the stereotype in
order to be subject to its threat. Further, identity threat has been shown to affect performance
across a variety of performance domains, not just in academic achievement. Researchers have
shown that identity threat can undermine athletic performance of Whites and women [25,26],
negotiating performance of women [27], memory performance in elderly people [28], and the
driving performance of women [29].

Though one need not believe the stereotype or negative characterization of his/her
identity in order to be subject to its negative effects, researchers have found that identity threat
can be heightened if an individual thinks that the stereotype or negative characterization might be

valid or worries that it could be applied to them [30,31]. Schmader e al. [30] found that the
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effects of stereotype threat were moderated by the degree to which females endorsed the
stereotype that women are worse than men at math. That is, females who endorsed the stereotype
underperformed on a mathematics test compared to females who did not endorse the stereotype.
Other factors that have been shown to moderate stereotype threat are people’s theories of
intelligence [32,33], whether they believe that intelligence is fixed or malleable, how much a
person identifies with their social identity group, gender identification for instance [34], and how
much a person identifies with the domain they are being tested in [25,35].
B. Self-Affirmation

Several researchers have found that stereotype threat can be alleviated through self-
affirmation [36,37]. Self-affirmation is a process whereby a person affirms their overall sense of
self-worth and integrity [38,39]. Work on self-affirmation assumes that people are motivated to
maintain a positive sense of overall integrity, identity, and worth. When our integrity or identity
is threatened, we seek ways to resolve the threat. Because it is often difficult (or even
impossible) to resolve the specific identity threat (that “girls can’t do science”), individuals can
affirm a more general sense of worth and integrity (“I'm a good person”) or a specific, but
unrelated, aspect of their identity (“I’m good at music”’), which will help to protect them from the
threat. A common self-affirmation process used in the psychological literature is values
affirmation, in which people reflect on self-defining values. This activity focuses individuals’
attention on values important to them that are not connected to the threat, allowing them to
reestablish a perception of personal integrity and worth and to realize that their self-integrity
does not depend on their performance in the threatened situation.

In a laboratory experiment with college students, Martens, et al. [36] found that females

who were given the opportunity to write about a characteristic of themselves that they valued
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performed better on a subsequent difficult math test than females who wrote about a
characteristic that they did not value. Similar results were found by Cohen, et al. [37] comparing
the school achievement of middle school African Americans who did and did not affirm their
personal values. Though identity threat has been shown to affect performance across a wide
variety of situations and performance settings (including in both laboratory experiments and
classroom studies), attempts to reduce identity threat in authentic classroom contexts have been
limited [33,37]. Further, the impact of self-affirmation on the gender gap in college physics
(using objective measures of student performance) has not been examined.
II1. Research Methods

To test the effectiveness of the values affirmation in reducing the gender gap in Physics
1, we conducted a randomized, controlled study. In this section, we describe the experimental
design of the study, the course that we conducted the study in, the sample of students analyzed,
the experimental (values affirmation) and control writing exercises, the measure of stereotype
endorsement, the outcome measures analyzed, and the statistical methodology.

A. Study Design

To test whether a self-affirmation intervention can reduce the gender gap in physics, we
used a randomized, controlled study design. Students were randomly assigned to complete one of
two brief writing exercises, twice during the semester. Each student completed either a values-
affirmation writing intervention or a control writing exercise of similar format and length (the
content of the writing exercises will be described below). The writing assignments were
delivered early in class (week 1) to maximize the effect of the intervention across the semester,
with a second administration shortly before the first exam (week 4) to ensure the potency of the

intervention.
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The first writing exercise was presented during the first recitation section. During each of
the two lectures that students attended prior to the first recitation section, the professor provided
pedagogical context for the writing exercise that they would complete. Specifically, he told the
students that effective communication was an important skill for success in physics-related
careers and that, to practice communication, they would complete a 10 to 15 minute writing
exercise in recitation. The professor told them that they would not be writing about physics, but
about something that they already knew about.

Recitation sections were led by graduate TAs who were naive to the purpose of the study.
Student attendance was mandatory in these sections, and all recitation sections met on the same
day. TAs were given a scripted introduction explaining to the students that they would be
completing a writing exercise in which they would think about values that are important to
people (TA scripts can be found in Appendix A). To further standardize administration, TAs
were given scripted answers to possible questions from the students. They distributed to each
student a manila envelope containing the informed consent form and writing assignment that was
prepared in advance by study personnel. Although there were two versions for the writing
assignment (values affirmation and control), the envelopes and formatting of the two exercises
looked similar. Additionally, the TA established the expectation of silent concentration. These
steps served to minimize the possibility of students’ becoming aware of differences in the
exercises. The consent form described the study as examining the relation between critical
writing and students’ experiences in college, including physics classes. All students over the age
of 18 were invited to participate. Students who were younger than 18 and hence could not legally
grant consent were instructed to complete an alternative writing assignment, of comparable

length, asking about past physics experiences.

216



In each recitation section, 60% of the packets given to each TA contained the values-
affirmation writing assignment. We overrepresented the affirmation condition so that any
possible benefits could be conferred to the greatest number of students without undermining the
rigor of the study. The affirmation and control packets were intermixed randomly. Random
assignment to condition occurred when students received a packet. The two writing exercises
were formatted identically and were of nearly identical length. Students put all materials (the
writing exercise and the consent form) back in the manila envelope when they were done. TAs
collected the envelopes after 15 minutes and were instructed to not open them at any time.

Study personnel discreetly monitored the administration of the writing exercise in each
recitation from the back of the classroom. They verified that all TAs properly instructed and
administered the exercise. Study personnel discreetly collected the completed materials at the
end of each recitation after students had departed.

A second administration of the writing exercise was delivered shortly before the first
midterm exam (week 4) via a regular, weekly online homework assignment. Students received
the assignment on a Friday, 11 days before the first midterm exam, and could complete it any
time within the next 8 days, with a Saturday 8 AM deadline. Consequently, students could have
completed the second writing exercise between 3 and 11 days before the first midterm. The
majority of students (76%) completed the exercise toward the end of the homework period (the
following Thursday, Friday, or Saturday morning). The homework assignment was delivered and
completed online. The final question on the homework assignment asked students to follow a
link to the university-wide online course portal. Doing so allowed us to customize the content
delivered, ensuring that each student received the writing exercise for the same condition that he

or she had completed in recitation in week 1. The writing exercise was similar to the one

217



completed in recitation, but the second exercise was presented online, with students typing their
answers and submitting them via the online portal. Instructions suggested that students spend
about 15 minutes on the exercise.

Several steps were taken to ensure that all instructional personnel associated with the
course were unaware of students’ condition assignment. All but the course instructor were blind
to the study’s purpose and hypotheses. Both writing exercises occurred without the course
instructor present (in TA-led recitations and online). All data were handled only by study
personnel. The course instructor had no access to information about students’ assignment to
experimental condition (values affirmation or control) and was not told of any results until after
the semester was over. The TAs who distributed the writing exercises in recitation were told only
that they would be administering a writing exercise and were not told of the hypotheses or even
of the presence of two different writing exercises. The affirmation and control exercises given in
recitation were distributed in closed envelopes, with study personnel present in every recitation
to verify that TAs never viewed the students’ responses. The writing exercises distributed in
recitation were formatted identically, preventing TAs from noticing condition assignment. TAs
were also instructed to remain at the front of the room while students completed the exercise in
recitation. Completed writing exercises were collected by study personnel immediately at the end
of each recitation.

Because the writing exercise portion of the homework assignment (week 4) was not
required and students were allowed to opt out, there was some attrition across the two
administrations of the intervention. Of the total students completing the first writing exercise in
week 1, approximately 74% (439 students) completed the second writing exercise in week 4 and

took the final exam (thus comprising the students in the study sample). There was a tendency
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that, among students who completed the first administration of the intervention, more students
completed the second administration in the affirmation condition than in the control condition
[x(1, N=591)=3.30, p=0.07], a trend that was almost significant for females [)*(1, N=158)=3.70,
=0.054] but not for males [x*(1, N=433)=1.31, p=0.25].
B. Course Description

We conducted this study in the first-semester, calculus-based introductory mechanics
course (Physics 1) at the University of Colorado at Boulder. The course content and pedagogy of
this course was in line with prior offerings of the course (as described in detail in Chapter 2). The
(male) instructor is a highly experienced teacher, well versed in the interactive engagement
techniques that he used during the lecture sections. Typical for this course, approximately ¥4 of
the enrolled students were male (74%). There were 6 Teaching Assistants (5 males and 1 female)
for the course, who led the recitation sections, and they were assisted by 7 undergraduate
Learning Assistants (4 males and 3 females) [40].

C. Study Sample

The study sample consisted of 439 students (311 males and 128 females) who (a) were
over 18 years of age, (b) completed both writing exercises in weeks 1 and 4, and (c) took the
final exam at the end of the semester. This sample represented 72.9% of the 602 students over 18
years of age who received a grade in the course. Of those 439 students in the sample, 7 students
were removed from the analysis for failure to follow the writing instructions for one or both of
the writing exercises (e.g., by discussing the personal importance of a value when in the control
condition). Twenty-three students did not complete the stereotype endorsement survey question,
and 8 students did not have prior mathematics performance data (either SAT- or ACT-Math

scores). An additional 2 students were removed based on two multivariate outlier analyses [41],
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one involving the four exam scores and one involving the conceptual survey scores obtained at
the beginning and end of the semester. These students had Mahalanobis distances [42] of 22.6
for the exam scores (critical value=18.5) and 14.0 for the conceptual survey scores (critical
value=13.8), respectively.

This left a final sample of 399 students (283 males and 116 females) on which the
reported analyses were based. An analysis of the attrition from the original study sample (439
students) to the final sample (399 students) showed no difference in attrition by condition for all
students [x*(1, N=439)=1.35, p=0.24], or for females specifically [x*(1, N=128)=0.01, p=0.94].

As noted above, we randomly assigned approximately 60% of students to the values
affirmation condition and 40% to the control condition. This assignment plan was largely
successful; the final sample of 399 students consisted of 178 males and 69 females in the
affirmation condition (62.9% of males and 59.5% of females in the final sample) and 105 males
and 47 females in the control condition (37.1% and 40.5%, respectively). Because 308 (77.2%)
of the 399 students (212 males and 96 females) in the final sample took the conceptual survey in
both weeks 1 and 15, the sample used for the analysis of the conceptual scores consisted of 137
males and 55 females in the affirmation condition (64.6% of males and 57.3% of females in this
sample) and 75 males and 41 females in the control condition (35.4% and 42.7%, respectively).
The numbers of males and females in the affirmation and control conditions for each of the

samples used in this study can be found in Table 1.
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Table 1. Numbers of males and females in the affirmation and control conditions for each of the samples used in
this study.

Males Females

Final Study Sample (N=399)
Affirmation 178 69
Control 105 47

Conceptual Survey Sample (N=308)
Affirmation 137 55
Control 75 41

To ensure that there were no background differences between the affirmation and control
groups, we compared several measures of student background for males in the affirmation versus
control conditions, and similarly for females. Twelve measures of student background were
compared (e.g., high school GPA, SAT and ACT total scores and each component score, and
high school courses taken; a complete list is given in Ref. 43) and none were significantly
different by condition (all p’s>0.09). This ensures that, at least for the background variables that
we had access to, students in the affirmation and control conditions were similar coming into the
Physics 1 course.

D. Values Affirmation and Control Writing Exercises

The values affirmation and control exercises closely followed procedures developed and
validated in prior research [37,44]. Both writing exercises can be found in Appendix A. Students
in each writing condition received a three-page packet. The first page listed 12 values: being
good at art; creativity; relationships with family and friends; government or politics;
independence; learning and gaining knowledge; athletic ability; belonging to a social group
(such as your community, racial group, or school club); music; career; spiritual or religious
values, and sense of humor. The values were similar to those used in past research [37,44],

though modified somewhat for the present sample [45], and were selected to represent a range of
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values that students may or may not endorse. We avoided values that explicitly dealt with
science and math, so that students were forced to affirm a value unrelated to the threatened
domain. Students in the affirmation condition were instructed to circle the two or three values
most important to them, whereas students in the control condition were instructed to circle the
two or three least important values.

Through a series of structured prompts, the second page of the packet instructed students
to describe in a few sentences either why the selected values were important to them (affirmation
condition) or why they might be important to someone else (control condition). To decrease
evaluation apprehension, students were told to focus on their thoughts and feelings, without
worrying about spelling and grammar or how well written their answer was. Lines were provided
on two thirds of the page for students to provide their answer.

The final page reinforced the manipulation by asking students to again look at the values
they had selected earlier. They were then asked to list either the top two reasons why these
values were important to them (affirmation condition) or the top two reasons why these values
might be picked as important by someone else, such as another student at their school or a person
they have heard about (control condition). To further encourage reflection about the values, the
third page ended by asking students to indicate their agreement with several items using
numerical scales (e.g. In general, I try to live up to these values in the affirmation condition vs.
In general, some people try to live up to these values in the control condition).

E. Stereotype Endorsement Measure

In the second week of the course, students were asked to complete a survey about their

attitudes toward science (the survey can be found in Appendix B). This survey is a typical part of

this introductory physics course. Embedded in the larger survey was an item asking them to
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report their expectation that men do better in physics than women. The survey was included as a
link on their weekly online homework assignment. Students were asked to follow the link to
complete the survey and were told that they would receive extra credit (equivalent to one
homework problem) if they included their name on the survey (with no requirement that they
answer any questions). Clicking on the link brought students to an online survey containing
various attitude measures (e.g., the Colorado Learning Attitudes about Science Survey [46]).
Stereotype endorsement was measured by assessing students’ agreement with the statement,
According to my own personal beliefs, I expect men to generally do better in physics than
women, answered on a 5-point scale ranging from strongly disagree to strongly agree. The
distributions of male and female responses to this statement are presented in Figure 1. Females

were significantly more likely than males to disagree with this statement [Z=-6.00, p<0.001].
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Figure 1. Distributions of male and females responses to the statement: According to my own personal beliefs, 1
expect men to generally do better in physics than women. Females are significantly more likely than males to
disagree with this statement (p<0.01).

Because the measure of stereotype endorsement was collected in week 2, after the first

administration of the writing exercise, we evaluated whether the writing exercise affected
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stereotype perceptions. Neither the condition main effect nor the gender x condition interaction
was significant [F(1,395)=0.05, p=0.82 and F(1,395)=0.31, p=0.58, respectively], suggesting
that there was no effect of the affirmation versus control writing exercises in week 1 on students’
reported endorsement of the stereotype in week 2.
F. Outcome Measures

Several outcome measures were used in this study to test the impact of the values
affirmation intervention. The main outcome measures were students’ exam scores and the Force
and Motion Conceptual Evaluation (FMCE) [47] post-test scores, since these are the measures
where we observed the largest gender differences (see Chapters 2 and 3). Students took three
midterm exams and a final exam in this semester. All exams were multiple-choice, with
objectively correct versus incorrect answers, and were machine-graded rather than graded by the
instructor. The final exam was cumulative. The FMCE was administered to students both at the
beginning and at the end of the semester. Students took the FMCE pre-test during the first week
of the course in recitation. After students completed the first writing exercise for the values
affirmation or control condition, they completed the FMCE for the remainder of the recitation
section (approximately 35 minutes). The post-course administration of the FMCE took place
during the last week of the semester, again in recitation. Students were given the entire 50
minutes to complete the post-test. In both administrations, students were explicitly told that the
FMCE scores would not affect their course grades in any way.

Students’ homework, participation, and clicker scores were also examined, as well as
students’ final course grades. Like in other semesters, students’ completed two types of
homework assignments, CAPA [48] homework, which was administered online and was made

up of traditional “end-of-chapter” problems, and Tutorial [2] homework, which was associated
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with their recitation activities. We examined students’ scores on both types of homework
separately. Participation in the course was determined by whether students completed the online
Tutorial pretests and whether they attended and participated in the recitation sections. As in other
semesters, the professor interspersed the lecture with conceptual questions. Students responded
to the questions using personal response devices (clickers). Students received some credit just for
answering the clicker questions and received more credit if they answered the questions
correctly. Points that students earned by answering clicker questions were only counted as extra
credit towards students’ grades, but we examined their clicker scores nonetheless.

Students’ overall course scores were composed of their exam, homework, and
participation scores. Each of the midterm exams accounted for 14% of the final score (a total of
42%), the final exam for 33%, and the homework and participation for the remaining 25%.
Students’ final course scores were first computed as a percentage. Based on the distribution of
these course score percentages, the professor assigned course grades (A, B, C, etc.).

G. Statistical Methodology

The effectiveness of values affirmation in reducing the gender gap was assessed by
conducting separate multiple regression analyses [49] for each outcome measure. Of particular
theoretical interest in each analysis was the interaction between student gender and condition,
which tested whether the performance of females in the affirmation condition was improved
relative to females in the control condition and whether the gender gap was reduced in the
affirmation condition. We were also interested in the three-way interaction between gender,
condition, and stereotype endorsement, which tested whether the gender x condition interaction
varied depending on students’ level of agreement with the stereotype that men do better in

physics than women.
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To test for these critical effects, we conducted a series of regression analyses and
included the following predictors in the models: subject gender (I=females, —I=males),
condition (1=values affirmation, —1=control), and stereotype endorsement (mean centered for all
students, following reference 30), plus all two-way interactions (gender X condition, gender X
stereotype endorsement, and condition x stereotype endorsement) and the three-way gender X
condition x stereotype endorsement interaction.

When assessing the effects of identity threat on performance, it is critical to evaluate
these theoretically predicted effects while controlling for prior relevant performance [17,50].
Because previous research has shown that background preparation in math predicts physics
grades [51] and accounts for a substantial amount of variance in gender differences in
performance in physics (see Chapter 2 and 3), a mean-centered measure of prior math
background was included as a covariate in the analyses (Math Score). This measure was
calculated first by standardizing students’ SAT- and ACT- Math scores (provided from
university records) and then using whichever of the two scores was available or, in cases where
scores for both tests were available from student university records, using the average of the two.
The analysis of the FMCE post-test scores included the same predictors, except that the FMCE
pre-test score (mean centered) was used as a covariate instead of prior math background.

As is recommended [52] when background variables correlate with variables of interest
(as Math Score and FMCE pre-test both correlate with gender), to avoid biases in the estimation
of regression coefficients, we include terms representing the interaction of the background
variables (Math Score or FMCE pre-test score) with gender, condition, and stereotype
endorsement. Specifically, the regression models we present in this chapter contain the following

11 predictors: gender; affirmation condition; stereotype endorsement; gender x condition;
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gender x stereotype endorsement; condition x stereotype endorsement; gender x condition X
stereotype endorsement; math score, math score % gender; math score x condition; and math
score x stereotype endorsement. The analysis of FMCE post-test scores is similar, but uses
FMCE pre-test scores as the covariate.

Because these interaction terms involving the covariates were included to ensure that the
tests of our predicted effects were unbiased, and because those interaction terms themselves are
not of direct theoretical relevance to the understanding of gender identity threat effects, results
involving the covariates are not discussed. We also evaluated more complex models that
included all possible 3-way and 4-way interactions with the background covariate variables (e.g.,
the math score % gender % condition interaction in the analyses of exam scores), but in no case
were any 3-way or 4-way interactions significant. Thus, for simplicity, we report here the
analyses that included only the 11 predictors described above.

Throughout the Results section, we present the standardized (f) coefficients resulting
from the regression analyses. All reported p levels are two-tailed.

IV. Results

In this section, we report the effect of the intervention on each of the outcome measures
that were discussed above. For the exams and FMCE, we predicted a reduced gender gap in
performance for females who completed the values affirmation. Moreover, because people who
endorse negative stereotypes about their group are most vulnerable to identity threat [30], we
expected the intervention to be particularly beneficial for females tending to endorse the gender
stereotype. A table of the raw and adjusted scores for each of the outcome measures can be found

in Appendix C.
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A. Exams
1. Mean Overall Exam Scores
An overall mean exam score, created by averaging the percent correct on each of the
three midterms and the final exam, was used as the primary dependent measure for exam scores.
Students’ overall mean exam score was regressed on the eleven predictor variables listed above.

The results of the regression analysis are presented in Table 2.

Table 2. Multiple regression coefficient estimates and significance levels. The dependent variable is the mean
overall exam score. The independent variables significantly predicted students’ mean overall exam scores
[F(1,387)=16.00, p<0.01]. This model accounts for 31% of the variance in mean overall exam score (R*=0.31).

Variables B t(387) Significance
Gender -0.23 -4.62 <0.01
Condition 0.05 0.94 0.35
Stereotype Endorsement -0.13 -2.31 0.02
Math Score 0.43 9.00 <0.01
Gender x Condition 0.16 3.08 <0.01
Gender x Stereotype Endorsement -0.06 -1.09 0.28
Gender x Math Score -0.03 -0.57 0.57
Condition x Stereotype Endorsement 0.15 2.64 <0.01
Condition x Math Score 0.08 1.71 0.09
Stereotype Endorsement x Math Score -0.10 -2.08 0.04
Gender x Condition x Stereotype Endorsement 0.16 2.74 <0.01

Replicating our past research on gender gaps in physics, there was a significant gender
difference in students’ exam scores in this semester [f=-0.23, #(387)=-4.62, p<0.01], with males
(M=70.7%) scoring higher than females (M=64.2%) across the four exams. This gender
difference was present even when controlling for differences in prior math performance. This
was the case for all students and for only those students in the control condition. As shown in
Figure 2, males outperformed females in the control condition on overall exam scores. However,
the gender gap was significantly smaller in the affirmation condition than in the control

condition, resulting in a significant gender x condition interaction [$=0.16, #(387)=3.08, p<0.01].
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The effect size for the observed gender gap was substantial in the control condition (Cohen's
d=0.93 [53]) [F(1,387)=36.71, p<0.01], but much smaller, and not statistically significant, in the
affirmation condition (d=0.18) [F(1,387)=2.35, p=0.13]. Further examining the simple effects
[49], we find that for females, affirmation resulted in higher exam scores compared to those in
the control condition [F(1,387)=7.61, p<0.01]. There was also an unexpected yet significant
tendency for males to have lower exam scores in the affirmation than control condition

[F(1,387)=5.37, p=0.02]. This finding will be discussed in more detail below.

75 OMales  DOFemales
T
- T
S 70 -
bt 1
S {
2 I
E 65
&
c |
©
(]
S 60 |
©
g
"
2
'<U 55
50 T T 1

Control Values Affirmation

Values Affirmation Condition

Figure 2. Student overall mean performance on exams as a function of gender and condition. The mean exam score
is adjusted based on students’ prior math score. The error bars represent the standard error on the mean. The gender
difference in the control condition is statistically significant (p<0.01), but the gender gap in the affirmation condition
is not statistically significant (p=0.13).

In addition, we find that the values affirmation was particularly beneficial for females
who tended to endorse the gender stereotype. This moderation effect is illustrated in Figure 3.
Although females as a group did not strongly endorse the negative gender stereotype (see Figure
1) [30], even a moderate level of stereotype endorsement was costly for females in the control

condition, with their exam scores decreasing as a function of stereotype endorsement [5=-0.50,

229



#(387)=-3.29, p<0.01]. Affirmation, however, buffered females against this identity threat,
eliminating the negative relation between stereotype endorsement and exam scores [$=0.12,
#(387)=0.94, p=0.35]. Moreover, among females expressing higher levels of stereotype
endorsement (defined as 0.75 SDs above the mean here), affirmation improved the exam scores
relative to the control condition [#(115)=3.04, p<0.01]. In contrast, males’ exam scores were little
affected by stereotype endorsement, regardless of condition [£=-0.08, #(387)=-1.70, p=0.09, for
the affirmation condition, and $=-0.07, #(387)=-0.92, p=0.36, for the control condition]. These
differential patterns for males and females resulted in a significant gender x condition X

stereotype endorsement interaction [$=0.16, #(387)=2.74, p<0.01].
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Figure 3. Student overall mean performance on exams as a function of gender, condition and the level of stereotype
endorsement. The mean exam score is adjusted based on students’ prior math score. The error bars represent the
standard error on the mean. Moderate and low gender stereotype endorsement represent +0.75 SD of the grand mean
of stereotype endorsement. The relationship between mean exam score and stereotype endorsement is only
significant for females in the control group. Among females who moderately endorsed the gender stereotype,
females in the control group had significantly lower mean exam scores than females in the affirmation group.
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2. Individual Exam Scores

In addition to looking at students’ overall mean exam scores, we can also examine the
scores on individual exams. We find that the affirmation intervention was successful at reducing
the gender gap on three of the four exams. As in Figure 4, on the first, second, and final exams,
the gender gap in the affirmation condition is significantly smaller than the gender gap in the
control condition [all gender x condition interactions significant, #’s(387)>2.20, p’s<0.03]
(regression results for each exam can be found in Appendix D). Only on exam three were the
gender gaps in the affirmation and control groups not statistically different [gender x condition:
£=0.08, #387)=1.48, p=0.14]. For exams one, two, and the final, females in the affirmation
condition scored significantly higher than females in the control condition [F’s(1,387)>4.90,
p’s<0.03]. Males in the affirmation and control conditions did not have significantly different
scores [F’s(1,387)<3.65, p’s>0.05]. Additionally, the gender x condition x stereotype
endorsement interaction was significant for the first, second, and final exams [#’s(387)>2.10,
p’s<0.04]. The results that we saw for the mean overall exam score also held for three of the four
individual exams. Although the second affirmation exercise was completed shortly before the
first midterm exam, and no further exercises were completed the rest of the semester, the benefits

of the intervention remained evident throughout the semester.
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Figure 4. Gender differences on each exam as a function of condition. Exam scores are adjusted based on students’
prior math score. The error bars represent the standard error on the mean. For the first, second, and final exams the
gender gap among students in the affirmation condition is significantly smaller than the gender gap in the control
condition. For exam 3, there is no statistically significant difference in the gender gaps for the affirmation and
control conditions.

B. Course Grade

We examine both students’ course score (the percentage of total points that they earned)
and their letter grade. Students’ course scores showed a pattern of effects highly similar to the
exams. This is not surprising, given that 75% of the final course grade was based on the four
exams. The average final course score was higher for males (M=74.7%) than females
(M=70.0%) [p=-0.18, #387)=-3.70, p<0.01], even after controlling for differences in prior math
background. The predicted gender x condition interaction was also significant [$=0.14,
#(387)=2.50, p=0.01]. For females, the affirmation improved their course score relative to
females in the control condition [F(1,387)=5.26, p=0.02], whereas the affirmation versus control
difference was marginally significant for males [F(1,387)=3.23, p=0.07]. This resulted in a
significant gender gap in the control condition [F(1,387)=23.82, p<0.01], which was eliminated
in the affirmation condition [F(1,387)=1.43, p=0.23].

As with exam scores, the benefit of values affirmation on course scores was moderated,

232



as predicted, by stereotype endorsement. The two-way condition x stereotype endorsement was
significant [£=0.15, #(387)=2.51, p=0.01] as well as the predicted higher-order gender x
condition X stereotype endorsement interaction [$=0.16, #(387)=2.69, p<0.01]. Decomposing the
three-way interaction, we found that there was no relationship between stereotype endorsement
and course score for males in either the affirmation or control condition [f=-0.06, #387)=-1.46,
p=0.14, and p=-0.04, #387)=-0.56, p=0.58, respectively]. For females, however, there was a
significant negative relationship between stereotype endorsement and course score in the control
condition [$=-0.46, #387)=-2.96, p<0.01], but not in the affirmation condition [£=0.15,
t(387)=1.23, p=0.22]. Among the females relatively high in stereotype endorsement (0.75 SDs
above the mean), the course score was significantly higher in the affirmation condition than in
the control condition [#(115)=2.74, p<0.01].

Examining the letter grades that students’ received, we find that the values affirmation
was particularly beneficial in elevating females’ course grades from average to above average.
As can be seen in Figure 5, a large majority of females in the control condition (55.8%) earned a
grade in the C range (including C—, C, and C+), with only 23.1% earning a grade in the B range
(including B—, B, and B+). The percentage of C’s was reduced to 40.8% among females in the
affirmation condition, and B’s increased to 36.8%. This difference in the percentage of females
getting B’s and C’s across the two conditions was statistically significant [%*(1, N=91)=4.07,
p=0.04]. There was no difference in the distribution of B’s and C’s for males as a function of

affirmation condition [¥2(1, N=202)=0.02, p=0.88].

233



60 H Control O Values Affirmation
50
40

30

% of Students

20

10

1 -]

F D C B A F D C B A
Males Females

Figure 5. Percentage of students receiving each letter grade (A, B, C, D, and F, combining letter grades with pluses
and minuses) as a function of gender and affirmation condition. The percentage was calculated separately for each
condition within gender. The distribution of grades for males is not significantly different by condition, but the
distribution of grades for females is statistically different for females in the control and affirmation conditions.

C. Force and Motion Conceptual Evaluation

The FMCE was administered twice as part of the course, once at the beginning of the
semester and once at the end, to assess learning of physics concepts over the semester. Although
students completed the first affirmation or control exercise immediately before taking the FMCE
pre-test, there was no significant effect of the intervention on the FMCE pre-test score. There
was an overall gender gap on the FMCE pre-test across the entire sample, with males (M=39.9%)
outscoring females (M=25.0%) [f=-0.27, #304)=-4.85, p<0.01]. The gender gaps in the
affirmation and control conditions were not significantly different, as evidenced by the
insignificant gender x condition interaction [$=0.04, #(304)=0.73, p=0.47].

Though there was no significant effect of the intervention on the FMCE pre-test, there
was an effect on the post-test. Students’ FMCE post-test scores were regressed on gender,
condition, stereotype endorsement, and FMCE pre-test score, as well as the interactions of

interest. The regression results are presented in Table 3.
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Table 3. Multiple regression coefficient estimates and significance levels. The dependent variable is the FMCE
post-course score. The independent variables significantly predicted students” FMCE post-test scores
[F(1,296)=15.69, p<0.01]. This model accounts for 37% of the variance in mean overall exam score (R*=0.37).

Variables B #(296) Significance
Gender -0.06 -1.05 0.30
Condition 0.10 1.93 0.06
Stereotype Endorsement -0.10 -1.67 0.10
FMCE Pre-test Score 0.66 8.80 <0.01
Gender x Condition 0.12 2.13 0.03
Gender x Stereotype Endorsement 0.01 0.19 0.85
Gender x FMCE Pre-test Score 0.17 2.40 0.02
Condition x Stereotype Endorsement 0.15 2.69 <0.01
Condition x FMCE Pre-test Score 0.03 0.53 0.60
Stereotype Endorsement x FMCE Pre-test Score 0.07 1.42 0.16
Gender x Condition x Stereotype Endorsement 0.15 2.45 0.02

There was an overall gender gap across the entire sample on the FMCE post-test, with
males (M=73.4%) demonstrating better conceptual mastery at the end of the semester than
females (M=60.4%) [£=-0.06, #(296)=-1.05, p=0.30]. This gender effect, however, was
moderated by the affirmation condition, as reflected in the predicted gender x condition
interaction [£=0.12, #296)=2.13, p=0.03]. As shown in Figure 6, the gender gap in the control
condition was significant (d=0.46) [F(1,296)=6.23, p=0.01], whereas the gender gap in the
affirmation condition was not (d=-0.12) [F(1,296)=0.96, p=0.33]. Unlike for the exams, for the
FMCE, the reduction of the gender gap in the affirmation condition was due almost entirely to
females’ increased score in the affirmation condition. Specifically, females in the affirmation
condition had significantly higher FMCE scores than females in the control condition
[F(1,296)=7.71, p<0.01], whereas the scores of males in the two conditions did not differ
[F(1,296)=0.08, p=0.78]. Thus, even though there was some unexpected tendency for males in

the affirmation condition to perform worse than males in the control condition for the two highly
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correlated measures of the composite exam score and the final course score, there was no such

effect for the end-of-semester FMCE data.
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Figure 6. Student performance on the FMCE post-test as a function of gender and condition. FMCE post-test scores
are adjusted based on FMCE pre-test scores. Error bars represent the standard error on the mean. The gender gap in
the control condition is statistically significant (p<0.01), but the gender gap in the affirmation condition is not
statistically significant (p=0.33).

Finally, the effects of values affirmation on the FMCE post-test performance of females
were once again moderated by the level of gender stereotype endorsement, as seen in Figure 7.
The predicted gender x condition x stereotype endorsement interaction [$=0.15, #(296)=2.45,
p=0.02] was significant. Decomposing the three-way interaction, we found no significant
relationship between stereotype endorsement and FMCE scores for males in either the
affirmation or control condition [$=-0.10, #(296)=-1.41, p=0.16, and p=-0.13, #296)=-1.33,
p=0.18, respectively]. For females, however, there was a significant negative relationship
between stereotype endorsement and FMCE scores only in the control condition [$=-0.39,
#(296)=-2.55, p=0.01]. By contrast, for females in the affirmation condition, the relationship was

not significant [f=0.22, #296)=1.54, p=0.13]. Among the females with higher stereotype
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endorsement (0.75 SDs above the mean), the end-of-semester FMCE scores were significantly

higher in the affirmation condition than in the control condition [#115)=3.01, p<0.01].
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Figure 7. Student performance on the FMCE post-test as a function of gender, condition, and the level of stereotype
endorsement. The FMCE post-test score is adjusted based on the FMCE pre-test score. The error bars represent the
standard error on the mean. Moderate and low gender stereotype endorsement represent 0.75 SD of the grand mean
of stereotype endorsement. The relationship between mean exam score and stereotype endorsement is only
significant for females in the control group. Among females who moderately endorsed the gender stereotype,
females in the control group had significantly lower mean exam scores than females in the affirmation group.

D. Historical Comparison

Because the FMCE is a standardized instrument (unlike in-class exams, which vary from
semester to semester), we can compare student performance this semester to past semesters on
the same set of questions. Additionally, the instructor who taught during the semester of the
study taught the same course the previous year, so not only can we compare to prior offerings of
the course, but also to a prior semester with the same instructor. Figure 8 shows the male and
female average FMCE post-test score (adjusted for FMCE pre-test score) for the control and
affirmation conditions from the current semester, for students who took the class in a previous

semester with the same instructor, and for students who took Physics 1 in all prior semesters in
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which FMCE data were collected. First, we see that the average FMCE post-test scores of this
instructor are significantly higher than the average FMCE post-test scores over all semesters.
Males in both the affirmation and control conditions do not have FMCE post-test scores that are
significantly different from males’ scores last time this instructor taught. While females in the
affirmation group performed better than females did the last time the instructor taught (as we
expected), what is unexpected is that females in the control group performed worse than females
in this instructor’s last class. The control group females’ lower performance results in a
significantly larger gender gap among the control group students compared to the last time this
instructor taught. Since we didn’t expect any impact on student performance of the control
writing exercise, it is curious that the gender gap in the control group is so much larger than in
prior semesters (though there have been examples of individual semesters, not taught by this

instructor, when the gender gap was as large).
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Figure 8. Male and female average FMCE post-test performance for all semesters of Physics 1 in which pre- and
post-FMCE data were collected, for students in a prior semester in which the same instructor taught, and the control
and affirmation groups from the current study.
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E. Other Course Components

Though we were mainly interested in the intervention’s effect on students’ exam and
conceptual survey scores, we also examined the impact of the intervention on students’
homework, participation, and clicker scores. Recall from prior chapters that females often
outscore males on these aspects of the course. As in Figure 9, that is the case in this semester for
students in the control group. For all four measures, females in the control group have
significantly higher scores than males in the control group [F’s(1,392)>5.65, p’s<0.02] (details
of the regression analyses for each measure can be found in Appendix E). For students in the
affirmation condition, however, females and males do not have significantly different scores on
any of the measures [F’s(1,392)<2.65, p’s>0.10]. Despite the differences in gender gaps between
the affirmation and control conditions, the intervention had a statistically significant effect only
on students’ CAPA homework scores and their clicker scores, as evidenced by the significance
of the gender x condition interaction [f=-0.15, #392)=-2.60, p=0.01 and f=-0.12, #392)=-2.19,
p=0.03, respectively]. When examining the simple effects of the intervention on males and
females separately, the trends are opposite of what we observe for exams and the FMCE.
Females in the affirmation condition have lower scores than females in the control condition, and
males in the affirmation condition have higher scores than males in the control condition. These
effects are only significant for females’ CAPA homework scores [F(1,392)=5.15, p=0.02] and
males’ clicker scores [F(1,392)=5.21, p=0.02], but the trends are the same across all four

measurcs.
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Figure 9. Gender differences on homework, participation and clickers as a function of condition. All scores are
adjusted based on students’ prior math score. Error bars represent the standard error on the mean. Females in the
control group outscore males in the control group on all four measures, while the gender differences in the
affirmation condition are not statistically significant for any of the four measures.

F. Replication Study

In the semester following the original study we conducted a replication study. The course
was the same, Physics 1, but the instructor was different. Though the curriculum and pedagogy
of the class (Peer Instruction [1] and Tutorials [2] were used) was the same in the replication
semester, the instructor was less experienced using interactive engagement techniques. The
implementation of the interactive engagement techniques differed from the instructor in the
original study, and the exams were different. We attempted to replicate the original study design
as closely as possible, though there were some problems with the implementation of the first
writing exercise [54]. Additionally, we modified the pre-course survey in the replication study.
The original survey contained not only the stereotype endorsement item that we discussed above,
but also an additional nine items related to students’ perception that they and others endorsed the

stereotype that men are better at physics than women. For the replication study, we removed
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eight of the ten stereotype endorsement items (keeping only the item of interest and its
corresponding statement, According to my own personal beliefs, I expect women to do better
than men in physics). This was done to minimize negative student reactions to the survey and to
lessen the chance that we invoked identity threat among students through the survey.

The conditions for including students in the replication sample of students were the same
as in the original study. Students were included if: a) they consented to be in the study and were
over 18 years of age, b) they completed both writing exercises correctly, c) they took the final
exam, d) we had data on either their SAT- or ACT-Math score, e) they responded to the
stereotype endorsement item, and f) they were not an outlier based on multivariate outlier
analyses [41]. Unfortunately, fewer students met all of these criteria in the replication semester.
Fewer students completed the first writing exercise compared to the prior semester (541 versus
591), and then fewer of those students completed the second writing exercise (69% versus 77%).
The final study sample was made up of 127 males and 60 females in the affirmation condition
and 85 males and 19 females in the control condition. Of the 291 students in the final study
sample, only 217 (75%) took both the FMCE pre- and post-test and were included in the FMCE
sample. The numbers of students in each sample broken out by gender and condition are
presented in Table 4. Though the small sample sizes make it difficult to make any statistical
claims about the effectiveness of the self-affirmation intervention, we present the results
regardless, and focus on the trends of the results to see if they are consistent with the original

study.
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Table 4. Numbers of males and females in the affirmation and control conditions for each of the samples used in the
replication study.

Males Females

Final Study Sample (N=291)
Affirmation 127 60
Control 85 19

FMCE Sample (N=217)
Affirmation 94 47
Control 56 17

We repeated the statistical analysis used in the original study, using regression analysis to
test for the significance of the gender x condition and gender x condition x stereotype
endorsement interactions in exam and FMCE post-test scores. The regression analysis results are
presented in Table 5 for the mean overall exam scores and Table 6 for the FMCE post-test
scores. For both outcome measures, the gender x condition interaction was not significant

=-0.04, #279)=-0.61, p=0.54 for the exams, and £=0.03, #205)=0.48, p=0.63 for the FMCE].
This suggests that there was not a statistically significant difference in the gender gaps between
the two conditions. The gender x condition x stereotype endorsement interaction was also not
significant [$=-0.03, #279)=-0.48, p=0.64 for the exams, and £=0.04, #205)=0.50, p=0.62 for
the FMCE]. We do not see the same results as we did in the original study, that is, there is no

evidence to suggest that the intervention had any impact on student performance.
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Table 5. Multiple regression coefficient estimates and significance levels. The dependent variable is the mean
overall exam score. The independent variables significantly predicted students’ mean overall exam scores
[F(1,279)=12.97, p<0.01]. This model accounts for 34% of the variance in mean overall exam score (R*=0.34).

Variables B #279) Significance
Gender -0.15 -2.54 0.01
Condition -0.07 -1.11 0.27
Stereotype Endorsement -0.04 -0.55 0.58
Math Score 0.54 9.38 <0.01
Gender x Condition -0.04 -0.61 0.54
Gender x Stereotype Endorsement 0.07 1.00 0.32
Gender x Math Score 0.001 0.01 0.99
Condition x Stereotype Endorsement -0.02 -0.27 0.79
Condition x Math Score -0.02 -0.42 0.67
Stereotype Endorsement x Math Score 0.01 0.20 0.84
Gender x Condition x Stereotype Endorsement -0.03 -0.48 0.64

Table 6. Multiple regression coefficient estimates and significance levels. The dependent variable is the FMCE
post-course score. The independent variables significantly predicted students” FMCE post-test scores
[F(1,205)=13.38, p<0.01]. This model accounts for 42% of the variance in mean overall exam score (R*=0.42).

Variables B #205) Significance
Gender 0.04 0.60 0.55
Condition -0.04 -0.61 0.55
Stereotype Endorsement -0.01 -0.15 0.88
FMCE Pre-test Score 0.74 8.04 <0.001
Gender x Condition 0.03 0.48 0.63
Gender x Stereotype Endorsement 0.03 0.40 0.69
Gender x FMCE Pre-test Score 0.18 2.15 0.03
Condition x Stereotype Endorsement -0.03 -0.38 0.71
Condition x FMCE Pre-test Score 0.07 1.17 0.24
Stereotype Endorsement x FMCE Pre-test Score 0.05 0.93 0.35
Gender x Condition x Stereotype Endorsement 0.04 0.50 0.62

As mentioned above, the lack of statistical significance in the results is not surprising
given the small sample sizes. We therefore examine the trends in the data to see if they are the
same as in the original study. Figure 10 presents the male and female average exam and FMCE

post-test scores by condition, adjusted for prior math score or FMCE pre-test score. We did not
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find that the trends in the replication study were the same as in the original study. Looking first
at the mean overall exam scores, there is about a 4% gender gap in exam scores for students in
the control condition. Unexpectedly, the gender gap is larger, about 6%, among students in the
affirmation condition, and is statistically significant [F(1,279)=12.88, p<0.01]. It appears that the
affirmation intervention may have hurt female performance on exams in this semester.

Looking at the FMCE post-test scores, again, we do not see trends similar to those
observed in the original study. We find that after controlling for FMCE pre-test score, there is
effectively no gender gap in FMCE post-test scores among students in the control condition. In
the affirmation condition, females outscore males by about 4%, similar to what was observed in
the affirmation condition for FMCE post-test scores in the previous study. Comparing students
within each gender, females’ scores are virtually the same in the two conditions, while males in

the affirmation condition had lower FMCE post-test scores than males in the control condition.
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Figure 10. Average adjusted overall mean exam and FMCE post-test performance as a function of gender and
condition. Exam scores are adjusted based on prior math scores, and the FMCE post-test scores are adjusted based
on FMCE pre-test scores. Error bars represent the standard error on the mean. Females in the affirmation condition
had significantly lower exam scores than males in the affirmation condition [F(1,279)=12.88, p<0.01]. All other
gender differences are not statistically significant [F”s(1,279)<1.95, p’s>0.15].
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Given the intervention implementation issues, the small sample sizes, and the
inconsistent results, it is difficult to draw any conclusions from the replication study. The FMCE
results are inconclusive and the exam results suggest that the affirmation intervention was not
successful in reducing or eliminating the gender gap, and may have made it worse. If anything,
maybe we can conclude, as others have [37], that the affirmation intervention is not a guaranteed
solution and needs to be implemented in concert with practices that promote student learning and
in a classroom environment that is supportive of all students.

V. Discussion and Conclusions

Overall, these results suggest that values affirmation is a promising intervention that can
help reduce the gender achievement gap in physics. Although the intervention was brief and did
not directly concern the course material, it nonetheless provided a meaningful boost for
females—especially females who tended to endorse the gender stereotype—on two objective
measures, in-class multiple-choice exams and the FMCE post-test. After controlling for prior
background (prior math score or FMCE pre-test scores), the affirmation closed the “residual”
gender gap on in-class exam scores by approximately 61% and entirely eliminated the gap on the
FMCE. Although further efforts must aim to close the gap in prior preparation, the current results
are promising in demonstrating that a brief psychological intervention can help close the
"residual”" gap. Further, the introductory physics class we investigated was intended for STEM
majors who have had success in STEM-related subjects before college and are motivated to do
well in the course. Our results, therefore, demonstrate that, even among females relatively
identified and accomplished in science, a substantial gender gap exists, females’ performance is
negatively related to stereotype endorsement, and gender differences can be reduced with a

values-affirmation intervention.
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Hypothesized decreases in identity threat that occur following affirmation could benefit
females by improving either test performance, actual learning of new concepts, or both. We
cannot differentiate between the contribution of solely performance-related and solely learning-
related benefits on exam scores and final course scores. However, the results on the FMCE post-
test provide novel evidence that identity threat and affirmation affect the learning of scientific
concepts, not just performance. Because evaluation apprehension was low for the FMCE
(students took this test in recitation both times and were told that their performance on the FMCE
would not affect their grade) and because performance was assessed on identical standardized
items across the semester, FMCE performance provides a better indication of actual learning
effects. The improvement among females following the affirmation on the FMCE post-test (with
the FMCE pre-test controlled for) is, therefore, promising evidence that affirmation can produce
beneficial effects through the facilitation of better learning. Additionally, the absence of any
affirmation effect on the FMCE pre-test scores suggests that the FMCE post-test effects were not
solely due to better performance, but, rather, that values affirmation likely had benefits on the
actual learning of new concepts over the semester.

There was no significant difference in the performance of males in the control and
affirmation conditions on the FMCE post-test score. However, we obtained an unexpected effect
of affirmation on the performance of males on exam scores and course scores. The pattern was
such that, although affirmation improved performance for females relative to the control
condition, it decreased performance for males (this negative effect for males was significant for
exam scores and marginal for course scores). This pattern was not predicted and was not
obtained in the original affirmation field experiments [37]. Because this pattern was not

consistently observed either in the past research or across all measures in the present study (e.g.,
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FMCE post-test, letter grade distribution), it should be regarded tentatively. At the same time,
though not predicted here, negative effects of affirmation have sometimes been observed in the
affirmation literature [39]. More research needs to be conducted to specify when and why such
negative effects may occur [55].

Despite the lower exam scores for males in the affirmation condition, it is important to
emphasize that such effects were not observed on the FMCE post-test score and, perhaps more
important, that the reduction in the gender gap associated with affirmation does not simply
reflect a negative effect of affirmation on males. As noted above, the affirmation significantly
improved females’ performance relative to those in the control group across all main outcome
measures (exam, FMCE, and course scores). Such consistent results found for females indicate
that, on the whole, affirmation closed the gender gap by directly benefitting females.

While the main findings of this study were as we predicted, there were some aspects of
the results that we find curious. While not the focus of our study, we examined the impact of the
affirmation intervention on students’ homework, participation, and clicker scores. The results
were not consistent with the exam and FMCE results, that is, females in the affirmation condition
had lower homework, participation, and clicker scores than females in the control condition.
These results are not well understood. Prior research on identity threat and self-affirmation is
primarily concerned with test performance, as identity threat effects are strongest for more
difficult tasks [10]. Further investigation is needed to understand the effect of identity threat and
self-affirmation on low-stakes, untimed, effort-based assessments. A second unexpected finding
was the reduced FMCE performance of females in the control group compared to females in
prior semesters (Figure 8). We did not expect the control writing exercises to have any impact on

student performance. One factor that may have played a role was the student attitude survey that
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was given in the second week of the course. As mentioned above, there were a total of ten items
on the survey that asked students about their own and their perception of others’ endorsement of
the stereotype that men are better than women at physics. Student reactions to the survey were
more negative than student reactions to similar pre-course surveys (that did not contain any
references to gender) in prior semesters. These items may have heightened students’ awareness
of gender issues in the physics classroom, and perhaps increased the identity threat that we were
attempting to alleviate (leading to an increased gender gap among control students compared to
prior semesters).

Although previous attempts to reduce the gender achievement gap in physics have
focused mostly on instructional methods [5,6,7,8], the current results highlight the importance of
social-psychological factors. One virtue of the affirmation is that it can be combined with
instructional approaches that show promise in closing the gender gap [5], such as the interactive
engagement approaches used in the present course [1,2]. However, there is no reason to think
that the effects of affirmation are confined to situations in which such instructional supports are
already in place, given that the intervention was successful in reducing racial achievement
differences among middle-school students in traditional classrooms [37,56]. Of course, even in
that study, there were structural opportunities for learning in the form of a solid curriculum and
qualified teachers; without such basic support, the efficacy of any psychological intervention
would be limited [37]. Results from our replication study may support this claim.

Finally, the benefits of the affirmation may be long lasting [11,56] and could persist
beyond the present course. The experience of lower identity threat, coupled with better mastery
in a challenging science course, may encourage affirmed females to take other STEM courses

and to pursue further education and even a career in STEM disciplines. More generally, the
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cumulative consequences of early performance—small differences at an early stage can get
magnified over time—help explain how relatively brief interventions, when given early in a
threatening environment, can have long-term effects. This snowballing effect may be particularly
important in science, where subsequent learning builds on an earlier foundation of knowledge,
making it increasingly difficult to catch up and enter a discipline later. Therefore, it may be
important to intervene in gateway courses like introductory physics. These courses are required
for STEM majors, and performance in them can set long-term academic and career trajectories.
Reducing the gender gap at gateways could not only benefit females’ performance in the short
term but also encourage them to choose and persist in a scientific major and career path in STEM

disciplines.
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CHAPTER 7: CONCLUSIONS

In this final chapter, we take the opportunity to summarize the findings across all of the
research studies, discuss the implications of these results for the introductory physics courses,
and recommend directions for future research on the underrepresentation of females in physics.

I. Summary of Findings

The goal of our work is to understand differences in the participation and performance of
males and females in physics. We have focused on the introductory physics courses at the
University of Colorado, as success in these courses is required for further study in physics as
well as other science, engineering, and mathematics majors. Our methodology was primarily
quantitative, employing an epidemiological approach and statistical analysis techniques to
characterize gender differences and model student performance in these courses. Data were
gathered from university records, course instructors, and students through surveys developed by
the author. In addition to documenting and modeling gender disparities in the introductory
physics courses, we also sought to address the disparities in performance by implementing and
testing the effectiveness of a social psychological intervention. Here, we summarize the major

findings of our studies, organized by the four research questions that we set out to answer.
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1. On what measures, and to what extent, do we observe differences by gender in the
introductory physics courses? For example, are there gender differences in conceptual
learning, course grades and their components, attitudes and beliefs, and prior knowledge
and preparation?

We identified gender differences in several aspects of the introductory physics courses,
including students’ background and preparation coming into the physics courses, their
performance as they worked through the introductory physics courses, and whether students
continue in the introductory physics sequence from Physics 1 to Physics 2. In most cases, the
gender differences favor males. Males are more prepared for the introductory physics courses
than females; in Chapters 2 and 3 (for both Physics 1 and Physics 2) we found that males are
more likely to have taken a high school physics course, they have higher standardized math test
scores, and they have higher conceptual physics pre-test scores than females. In addition to their
physics and mathematics preparation, males also have more favorable attitudes and beliefs about
physics and about learning physics coming into the introductory courses than females.

Male students outperform female students in the introductory physics courses, though not
universally. Post-course conceptual survey scores of males are higher than the scores of females
by 5% to 18% in Physics 1 and by 4% to 10% in Physics 2. The average effect sizes of these
differences are 0.46 for Physics 1 and 0.44 in Physics 2, indicating that males are outperforming
females on a post-course measure of conceptual physics understanding by almost half of a
standard deviation. These post-course gender differences existed, even in semesters where
several interactive engagement strategies [1,2,3] were used. In addition to outscoring females on
a diagnostic conceptual survey, males also score higher on in-class exams than females by 5% in
Physics 1 and 4% in Physics 2. While males outscore females on high-pressure, time-sensitive,

individual tests, females outscore males on the untimed, potentially collaborative homework
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assignments and on effort-based participation. These two effects generally offset one another,
such that the course grades of males and females in most individual semesters are not
significantly different, but because exams are weighted slightly more than homework and
participation, there is a significant gender difference in course grades when averaging over all
semesters of Physics 1, favoring males.

In addition to gender differences in performance that we observed throughout the
introductory physics courses, there are also gender differences in how students’ attitudes and
beliefs shift over the course of Physics 1 and Physics 2. While all students shift towards less
favorable attitudes and beliefs, female students shift more negatively than male students. In
Physics 1, the largest differences in shifts relate to students’ attitudes and beliefs about problem-
solving, while in Physics 2, females have significantly larger shifts compared to males in their
personal interest in physics. The introductory physics courses are negatively impacting all
students’ attitudes and beliefs about physics, but they are more negatively impacting female
students.

We also examined retention from Physics 1 to Physics 2, to see what happens to students
after they complete Physics 1. As reported in Chapter 3, while there are no gender differences in
the rates of all students continuing or not continuing from Physics 1 to Physics 2, there are
gender differences in the rates for physics majors. Female physics majors are more likely to drop
out of the physics major after Physics 1 (by either changing majors or not taking Physics 2) than
males. In Chapters 2 and 3, we characterized gender differences in student performance (both
prior to and in the introductory class), student attitudes and beliefs, and retention in the

introductory sequence.
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2. Can gender differences in student performance be accounted for by factors other than
gender, namely, background differences of males and females?

In Chapters 2 and 3, we used regression modeling to control for a variety of factors that
differ by gender, including prior physics and mathematics understanding, high school courses
taken and performance, and incoming attitudes and beliefs, as well as demographic factors.
Controlling for student background allows us to theoretically compare the performance of males
and females who are equally prepared walking into the introductory physics course. Between
60% and 70% of the gender difference in post-course conceptual survey performance can be
accounted for by differences in males and females’ prior physics and mathematics performance
(as measured by conceptual survey pre-test and standardized math test scores) and their
incoming attitudes and beliefs about physics. That is, the majority of the gender gap that we
observe at the end of Physics 1 or Physics 2 can be attributed to the pre-course underpreparation
of female students compared to male students.

Several variables that we hypothesized would be important predictors of student
performance, did not make it into our regression models. Background factors, such as high
school GPA and high school physics courses taken, as well as students’ declared major and
ethnicity were not significant predictors of students’ post-course conceptual survey performance
once the variables in our final models were already included. That is not to say that these
variables do not impact student performance, but rather, they do not provide any additional
predictive power beyond prior physics and mathematics understanding and incoming attitudes
and beliefs about physics. It is likely that these variables are highly correlated with student
background, for instance, physics and engineering majors have higher pre-course physics scores

than nonscience majors, which is why they were not significant predictors in our models.
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3. What role do underlying psychological factors, such as students’ physics self-confidence
(self-efficacy) and sense of being a physics person (physics identity), play in student
performance and in the gender differences in student performance?

Having identified cognitive factors, like prior physics and mathematics understanding,
that impact student performance and the gender gap, in Chapters 4 and 5 we investigated the
psychological factors that underpin student performance and learning in the course. These
psychological factors, specifically self-efficacy and identity, provide potential mechanisms for
how gender disparities arise in the introductory physics courses. Using Bandura’s self-efficacy
theory [4], we explored whether males and females came into the introductory courses with
different levels of physics self-efficacy, how their self-efficacy developed differently during the
introductory courses, and whether self-efficacy was a useful predictor of student performance in
the course. Females report being less confident than males about completing the tasks necessary
for success coming into the physics courses, though the differences are largely related to tasks
that require performance, such as taking tests or discussing physics with peers, as opposed to
using mathematics in physics, working with other students, or getting help in the course.
Regression models showed that students’ pre-course performance self-efficacy was a significant
predictor of their exam and conceptual survey performance, even when already accounting for
student background. This indicates that both students’ prior performance and their confidence
about succeeding (likely based on their prior performance) impact their performance in the
introductory physics courses. Differences in males and females’ pre-course performance self-
efficacy accounted for an additional 12% of the gender gap in post-course conceptual survey
scores, once student background had already accounted for about 70% of the gender gap.

The development of students’ self-efficacy in the introductory physics courses was

examined through the four sources of self-efficacy. Students were asked to report their
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perceptions of their mastery experiences, vicarious experiences, verbal persuasion, and
emotional responses. Females reported more negative interpretations of their experiences than
males for all four of the sources of self-efficacy. As predicted by self-efficacy theory, all four of
these sources were significant predictors of students’ post-course self-efficacy. Given females’
more negative interpretations of their experiences and the correlations between the sources and
self-efficacy, it is not surprising that female students had lower post-course self-efficacy than
males, not just for tasks related to performance, but also in using mathematics in physics and in
getting help in the physics course. In this study of self-efficacy in physics we found that males
and females interpret their experiences in the introductory physics courses differently, those
interpretations result in differences in physics self-efficacy beliefs, which then contributes to the
differences in performance between males and females in the introductory physics courses.

In Chapter 5 we turned to a second psychological factor that underpins student
performance and student learning in the introductory physics courses. Using a model of physics
identity developed in prior literature [5,6], we investigated students’ recognition of themselves
and their perceptions of others’ recognition of them as a physics person. Male students report
having a greater sense of physics identity than female students. Male students are more likely to
report that they see themselves and are seen by others (peers, teachers, and parents) as a physics
person. When asked to report why they do or do not see themselves as a physics person, most
students gave reasons related to their interest in physics or their ability to do physics. Both male
and female students in Physics 1 report that their self-identity decreases over the course of the
semester, while students’ in Physics 2 report no change in their perception of themselves as a
physics person. While students’ self-identity was a significant predictor of students’ performance

on its own, it was not as strong a predictor as other variables, such as background physics and
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mathematics understanding and pre-course self-efficacy, and was not significant when these
other variables were included in the model. Though identity does not appear to impact student
performance in the introductory physics courses, we suspect, and prior literature suggests, that it

is an important factor in student retention in physics and needs to be further studied.

4. Does identity threat (the fear of being devalued based on a group identity) negatively impact
females’ performance in the introductory physics course? Can the performance differences
between males and females be reduced or even eliminated with a psychological, self-
affirmation intervention?

In our final study (Chapter 6), we implemented a self-affirmation intervention in Physics

1 to enhance the exam and conceptual survey performance of female students. The effectiveness

of the brief writing intervention was tested using a randomized experimental design. The self-

affirmation intervention was successful in reducing the gender gap both in students’ in-class
exam scores and their conceptual post-test scores. The reduction in the gender gap was primarily
due to affirmed females’ increased performance compared to females in the control group.

Further, the effect of the intervention was moderated by students’ endorsement of the stereotype

that men are expected to do better in physics than women. Stereotype endorsement and

performance on exams and the conceptual survey were negatively related for female students,
unless they had completed the self-affirmation exercise, in which case they were buffered from
the negative impact of stereotype endorsement. This initial study suggests that identity threat
may in fact be impacting student performance in the introductory physics courses, and that self-
affirmation may be a promising way to reduce or even eliminate gender differences in student

performance.
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Following up on the initial study, we conducted a replication study of the self-affirmation
intervention in a later semester when a different instructor was teaching the course. Though we
cannot make any statistical claims regarding the efficacy of the intervention in this semester due
to the limited sample sizes of students, we did not observe the same trends as in the initial study.
That is, the gender gap among affirmed students was not reduced compared to the gender gap
among control students. The replication study makes clear that the intervention is not a “silver
bullet,” and likely needs to be implemented in conjunction with classroom practices that promote
student learning and in a classroom environment that is supportive of all students, as has been

suggested by prior researchers [7].

Taken together, this thesis works towards building a fine-grained model of student
performance in the introductory physics courses. So far, this model includes background
cognitive factors, such as prior physics and mathematics understanding, prior psychological
factors, such as students’ attitudes and beliefs about physics and students’ physics self-efficacy,
and social factors, such as gender and possibly identity threat, as suggested by the results of the
self-affirmation intervention. Additionally, we have worked towards developing a model of
gender differences in performance in the introductory physics courses. One goal of this work was
to understand gender differences in performance in physics. The findings of this thesis suggest
that there are at least three contributing factors: 1) differences in the background of males and
females, i.e., physics and mathematics understanding and attitudes and beliefs about physics,
which is the largest contributor, 2) differences in the pre-course self-efficacy of males and
females, and 3) identity threat. Similar to Valian’s notion of “accumulated (dis)advantage” [8] or
Tatum’s “smog of bias” [9], we find that it is not one factor that is responsible for the gender

disparities in physics participation and performance. Rather, female students consistently fall
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behind male students across a variety of factors as they move through the introductory physics
sequence. These small, consistent differences can build up and accrue over time to result in large
disparities. Establishing this model of gender differences in performance was a first step towards
increasing females’ participation and performance in physics, and can be used to guide future
interventions to address the disparities.
I1. Implications

Having summarized the major findings of this thesis, we now discuss the implications of
the results for the structure and pedagogy of the introductory physics class. The majority of the
gender gap in post-course performance can be attributed to pre-course preparation differences of
males and females. If we want males and females to leave the introductory courses with equal
levels of physics understanding, this preparation gap must be addressed. One view is that it needs
to be addressed in the high schools. Since there are differences when students walk in the college
physics classroom, we need to go back to where those differences developed and focus effort
there. Another perspective, one that we take, is that it is our responsibility to teach the students
we have. We need to find ways to teach to the under-prepared students in the course (both male
and female), especially as this is an introductory course with no prior physics instruction
required. One option is to create a co-seminar that students would take in conjunction with the
introductory physics course. This co-seminar could focus on improving the mathematical skills
of under-prepared students, or simply allow more time for students to interact with peers and
instructors. Another option would be to create a separate Physics 1 course that covers the same
material but in twice the time (i.e., twice the lecture and recitation time per week), giving
underprepared students time to catch up on the background that they are missing and allowing

more time to learn the current course material. This model has been successful at improving the
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performance of mathematically underprepared students at other universities [10] and in the
Applied Mathematics department at CU [11]. Alternatively, the curriculum of the introductory
courses could be changed, such that it is aimed at students with less background in physics.
Researchers have found that courses that cover less material but go into greater depth help
students of both genders learn more [12]. While there are many possible ways to address the
preparation gap of males and females, all of these approaches need to be investigated.

Another aspect of the introductory courses that should be examined is assessment.
Currently, in-class exams that are high-stakes, timed, individual, and mostly multiple-choice
make up 60% to 75% of students’ course grades. Findings from this thesis suggest that there are
factors other than student understanding of physics that contribute to students’ scores on these
exams. Psychological factors, such as self-efficacy and identity threat, disproportionately
disadvantage female students on such tasks. Female students report feeling more anxiety and
stress about exams than males, which negatively impacts their exam performance. Additionally,
female students do better on homework (one indication of students’ understanding of physics),
but homework is less valued in the course than exams. Changing the structure of course grades to
make exams less heavily weighted could alleviate anxiety and stress for all students, allowing
them to perform better. In addition, incorporating psychological interventions that have been
shown to boost exam performance, like self-affirmation [7] or others [13], could be beneficial. In
light of our findings, the use of high-stakes tests as the primary assessment tool in the
introductory physics courses needs to be reconsidered, as it disproportionately hurts female
students.

Given our findings that females are disproportionately uninterested in physics both before

they enter the introductory physics courses and after they complete them, perhaps the curriculum
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needs to be adapted to the interests of female students. Research shows that the science topics
that female students are interested in are often also of interest to male students, though the
reverse is not always true [14]. Incorporating more topics of broad interest in the introductory
courses could also help to show students how physics connects to their specific, non-physics
interests or their lives outside of class. Prior literature on increasing girls’ interest in science
suggests that making connections to real life is important [15,16,17]. Additionally, research
shows that discussing current relevant science and discussing the benefits of being a scientist can
positively impact students’ science identities [6,16]. Restructuring and rewriting the curriculum
of the introductory physics courses would be a huge undertaking. Before taking on the challenge
(and probably regardless of whether the curriculum is changed or not), it is important to discuss
and come to consensus about what the purpose of the introductory courses is, who we are
teaching these courses to, and what we want students to get out of them. If we, as educators and
researchers, are committed to increasing the performance and participation of females in physics,
then these discussions need to happen with an explicit focus on the experiences, interests, and
needs of female students.
I1I. Directions for Future Research
In this thesis, we identified that the largest contributor to gender differences in
performance in the introductory physics courses is differences in the background and preparation
of male and female students. One direction for future research is to investigate where these
background differences come from. Possible research questions include:
« Are males and females taking the same kinds of high school physics courses? Do males and
females who take the same kind of high school class come into the introductory college

courses with the same background physics understanding?
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» Do gender gaps in conceptual physics understanding exist in high school physics courses,
both at the beginning and at the end?

« What experiences did students have in their high school physics (or science) courses that led
to their attitudes and beliefs, self-efficacy, and identity coming into the introductory college
courses?

Throughout this thesis, we identified individual semesters for which the overall trends did
not hold. Future research could focus on faculty and the choices that they make throughout their
instruction, to identify practices that reduce or enhance gender differences in the introductory
physics courses. Possible research questions are:

» How can the classroom practices of faculty be characterized and distinguished? How can
classroom norms and the classroom culture established by the instructor be characterized?

* Do gender differences in student performance correlate with instructors’ practices and
choices during instruction, or with specific classroom norms?

« Can particular instructor practices be identified that improve or harm female performance or
attitudes in the introductory courses?

In addition to looking back at where gender differences came from and investigating the
introductory courses further, it is also important to look forward as students continue through the
physics major.

Do gender differences exist in the upper-division physics courses?

» What experiences do female students have as they work through the physics major that

contribute to their persistence in physics or their decision to leave physics?

266



» What are the characteristics of successful female physics majors? What did they look like in
the introductory physics courses? Can we identify the introductory female students who are
likely to become physics majors?

In looking further along the trajectory as students become physics majors, we suspect that
identity and students’ identity development will be critical factors. Potential research questions
include:

» How are the physics identities that male and female students develop different? Does the
physics major curriculum and pedagogy value particular physics identities?

« What kinds of experiences are important and productive for developing students’ physics
identities? How can we provide more of those experiences?

» Does the physics identity that students develop align with the identity of practicing
physicists?

Lastly, in this thesis, we tested the effectiveness of a self-affirmation intervention.
Further research is needed (and is currently underway by our psychology colleagues) to
understand:

» What are the conditions under which self-affirmation is beneficial?

» By what mechanism does the self-affirmation intervention work? Does the intervention
alleviate stress to allow more space in working memory? Does it change how students
interact and engage in the course? Does it impact students’ identity or self-efficacy?

* Is the self-affirmation beneficial for other student populations and in other science courses
where there are documented gender differences?

In addition to the self-affirmation intervention, there is other work to be done on interventions:
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« What other interventions have been developed to target female participation and performance
in science? How do these interventions align with our statistical model of student
performance and gender differences in the course? What is the impact of these interventions?

« What interventions have been developed to target background differences of males and
females? Are they effective at overcoming the pre-course gender differences that are
observed in the introductory physics courses?

« What are the strengths of female students in the introductory physics courses? Can

interventions be developed that draw upon the particular strengths of female students?

A lot of work is needed before we understand why fewer females participate in physics.
While we have focused on introductory college physics in this thesis, there is work to be done
(and is being done) at all levels along the academic and career trajectories. Underlying all of this
work is the culture of physics, the practices, attitudes, identities, beliefs, values, and goals of the
community of physicists. We suspect that critical analysis of the culture of physics, how it
supports and disadvantages females, and how it can be changed to be more inclusive of females,
is necessary in order to achieve our goal of equal participation of males and females in physics.
As physics educators and researchers, we all must work towards creating classrooms,
laboratories, communities, and cultures that are inclusive and supportive of all students,
regardless of gender (as well as race, ethnicity, religion, sexual orientation, etc.), and allow all

students to participate equally.
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CHAPTER 2 APPENDIX
Updated Results for Entire Data Set
Data on FMCE pre- and post-test gender gaps have been collected between Spring 2004
and Fall 2010. Though only some of the data were used for the study presented in this chapter, in
this appendix, we present the results from all semesters between Spring 2004 and Fall 2009 (in
the Spring and Fall 2010 semesters we conducted an intervention study, discussed in Chapter 6,
so we do not present results from those semesters here). Over the 12 semesters, we have FMCE
data from 4028 students (2970 males and 1058 females), and course performance data from 6372

students (4839 males and 1553 females). Figure and Table numbers correspond to matching

figures and tables in the chapter.
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Figure 1A. Pre- and post-test gender gaps (<S>, — <S>p) for partially and fully interactive courses. Student
performance on the FMCE is averaged over three semesters (partially interactive) and nine semesters (fully
interactive). Error bars represent the standard errors of the mean. The pre-test [#(4027)=1.26, p=0.21] and post-test
[#(4027)=1.14, p=0.25] gender gaps are not significantly different between partially and fully interactive courses.
There is no statistically significant shift in the gender gap from pre- to post-test for either partially [#(788)=1.14,
p=0.25] or fully [#3238)=1.64, p=0.10] interactive courses.
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Figure 2A. Gender gaps (<S>,,— <S>r) in each semester. The data represent ten different instructors and over 4000
students. Error bars represent the standard errors of the mean.

Table 3A. Analysis of students’ course grades. Each column contains the difference between the average scores for
males and females (<S>, - <S>p). Error (shown in parentheses) is computed from the standard errors of the mean
for males and females added in quadrature. The * indicates the gender difference is statistically significant at the
p<0.05 level (via two-tailed #-test).

Participation (%) Homework (%) Exams (%) (Ezlgts:;}l}; I;‘
Semester Al-1 -5.0(2.0) * 34(1.2)* 0.11 (0.11)
Semester B1-1 -4.8(1.8) * 3.7(1.6) * 0.10 (0.11)
Semester C1-1 -5.0(2.0) * 6.3(1.5)* 0.10 (0.10)
Semester D1-1 -6.6 (1.6) * -7.6 (1.9) * 49 (1.6) * 0.04 (0.10)
Semester E1-1 -4.9 (1.8) * -2.9(1.9) 52(1.5)* 0.17 (0.11)
Semester F1-1 -8.1(1.8) * -2.0(2.0) 4.8 (1.6)* 0.15 (0.12)
Semester G1-1 -3.0(1.6) -3.0 (2.0) 33(1.4)* 0.06 (0.11)
Semester E1-2 -522.1)* -52(2.2)* 2.5(1.8) -0.01 (0.10)
Semester H1-1 -42(1.6) * -3.0(1.8) 55(1.4)* 0.15 (0.10)
Semester H1-2 -3.8(1.7)* -2.9(1.9) 7.2(1.6)* 0.28 (0.10) *
Semester J1-1 -6.4 (1.5)* -42(1.5)* 52(1.3)* 0.17 (0.09) *
Semester K1-1 -53(2.5)* 49 (1.6) * 0.06 (0.10)
Average -5.3(0.7)* -4.3(0.6) * 4.9 (0.5) * 0.12 (0.03) *
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CHAPTER 3 APPENDIX
Updated Results for Entire Data Set
Data on gender gaps have been collected between Spring 2004 and Spring 2010. Though
only some of the data were used for the study presented in this chapter, in this appendix, we
present the results from all semesters between Fall 2004 and Spring 2010. Over the 12 semesters,
we have BEMA data from 3310 students (2451 males and 859 females), and course performance
data from 4832 students (3654 males and 1178 females). Figure and Table numbers correspond

to matching figures and tables in the chapter.
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Figure 2A. Pre- and post-test gender gaps (<S>, - <S>5) by semester. The data shown here include all students

who took the pre- and post-BEMA. These data represent seven different instructors and over 3000 students. The
semester is indicated along the x-axis. The error bars represent the standard errors of the mean.

290



Table 5A. Analysis of students’ course grades. Each column contains the difference between the average scores for
males and females (<S>, - <S>p). 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 statically significant at the
p<0.05 level. In semester L2-1 no participation credit was given.

Participation (%) Homework (%) E?;Sm ((j:;rtsesgi?
Semester D2-1 -6.4 (1.0)* -7.0 (1.5)* 3.6 (1.6)* -0.04 (0.12)
Semester J2-1 -6 (3)* -4(2) 6.1 (1.9)* 0.08 (0.13)
Semester G2-1 -7.4 (1.6)* -3.3(1.8) 4.2 (1.5)* -0.03 (0.12)
Semester L2-1 -303) 2517 0.06 (0.13)
Semester G2-2 -7.2 (1.6)* -5.5 (1.9)* 4.8 (1.7)* 0.07 (0.12)
Semester M2-1 -5 (2)* -4.0 (L.7)* 2.4(1.6) -0.01 (0.13)
Semester D2-2 -4.9 (1L.7)* -2.6(1.9) 3.1 (1.4)* 0.02 (0.11)
Semester N2-1 -11.5 (1.8)* -8.2 (1.9)* -1.5(1.6) -0.32 (0.11)*
Semester 02-1 -2.7(1.9) -3.7 (L7)* 7.7 (1.4)* 0.20 (0.09)*
Semester G2-3 -6.1 (1.7)* -5.3 (1.8)* 4.2 (1.4)* 0.02 (0.11)
Semester J2-2 -8.2 (1.9)* -2.1(1.8) 7.7 (1.5)* 0.35 (0.09)*
Semester N2-2 -6.7 (2.3)* -3.6 (2.3) 2.7(1.7) 0.04 (0.13)
Average -6.4 (0.6)* -4.3 (0.6)* 4.1 (0.5)* 0.04 (0.03)
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CHAPTER 4 APPENDICES
Appendix A: Physics Self-Efficacy and Identity Survey
We include both the pre- and post-course surveys. Comments in square brackets | ]
indicate how the question was asked in the K1-1 and J2-2 semesters. Comments in the curly
brackets { } indicate how the question was asked for students in Physics 2. Items with an * were

not asked in the K1-2 and G2-4 semesters.

Pre-Course Survey:

1) Do you see yourself as a science person? Why or why not? *
2) Do you see yourself as a physics person? Why or why not? *

3) What are you planning to major in? What made you decide to choose that major? Are there any specific
experiences that you recall that helped you decide? *

4) Did you ever consider being a physics major? What made you decide to choose or not choose physics? *
Please rate the extent to which you agree or disagree with each of the following statements:
5) Other students recognize me as a physics person.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

6) A teacher encouraged me to pursue physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

7) My parents have encouraged me to pursue physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

8) Isee myself as a physics person.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

9) Ifeel like I could be a good physicist.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree
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10) A teacher has told me that I'm good at physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

Please rate the extent to which you agree or disagree with the following statements about your experiences in prior
physics [science] courses:

11) I was unable to think clearly when taking exams.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

12) Physics [Science] makes me feel uneasy.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

13) I got really stressed when working on homework.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

14) I worried about my ability to solve problems on exams.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

15) I enjoyed my prior physics [science] classes.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

16) Please rate how confident you are that you can do each of the following things in this physics course:

Not A Little Somewhat Mostly Very Not
Confident | Confident Confident Confident | Confident |Answered

Complete homework
assignments by myself

Complete homework
assignments with the help of
other students

Perform well on exams

Demonstrate what I know on
exams

Discuss physics ideas with my
peers
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Not
Confident

A Little
Confident

Somewhat
Confident

Mostly
Confident

Very
Confident

Not
Answered

Defend my physics ideas to my
peers

Find other students to help me
when I get stuck on homework *

Ask the professor for help when
I get stuck on homework *

Ask a TA for help when I get
stuck on homework *

Learn physics concepts

Work well in a group during
recitation *

Find a group of students to
study with *

Express my opinions when
others disagree with me

Discuss physics ideas when I
don't understand them

|Manipulate algebraic equations

Use calculus to solve physics
problems

|Interpret graphs

|Pay attention in lecture *

Complete the course with a B or
better

Answer questions posed by the
professor in class

|Ask questions during lecture *

17) How confident are you that you will earn a B or better in Physics 1 {2}? Please explain your response. *

18) How confident are you that you will learn the physics concepts in Physics 1 {2}? Please explain your

response. *

19) Please report your gender. *

20)

Female

Male

Prefer not to

answer

Yes

No

Not Answered

|Did you take a regular physics class in high school? *

|Did you take an honors physics class in high school? *

|Did you take an AP physics class in high school? *

|Did you take any other kind of physics class in high school? *
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21) What was the grade you received in your last high school physics course? *
A B C D F I did not take a physics class in high school.

22) Why are you taking Physics 1 {2}? (Because it is required for you major? Because you are interested in
physics? Because you are thinking about majoring in physics? To fulfill a general science requirement? Some
other reason?) *

Post-Course Survey:

1) Do you see yourself as a physics person? Why or why not? *

2) Has your answer to the above question changed since the beginning of the semester? Why or why not? *
3) Do you feel like you could be a good physicist? Why or why not? *

Please rate the extent to which you agree or disagree with each of the following statements:

4) Other students recognize me as a physics person.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

5) A teacher encouraged me to pursue physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

6) My parents have encouraged me to pursue physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

7) 1see myself as a physics person.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

8) Ifeel like I could be a good physicist.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

9) A teacher has told me that I'm good at physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree
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Please rate the extent to which you agree or disagree with the following statements about your experiences in this
physics course:

10) I was unable to think clearly when taking exams in this course.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

11) Physics makes me feel uneasy.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

12) I got really stressed when working on homework in this class.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

13) I worried about my ability to solve problems on exams in this class.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

14) I enjoyed physics this semester.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

15) Please rate how confident you are that you can do each of the following things in Physics 2 {your next physics
course}.

Note: If you ARE NOT planning to take Physics 2 {another physics course}, please rate how confident you are that

you can do each of the following things in your next science course.

Not A Little |Somewhat | Mostly Very

Confident |Confident | Confident |Confident |Confident Not Answered

Complete homework assignments
by myself

Complete homework assignments
with the help of other students

Perform well on exams

Demonstrate what I know on
exams

Discuss physics ideas with my
peers

Defend my physics ideas to my
peers

Find other students to help me
when I get stuck on homework *
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Not A Little |Somewhat | Mostly Very

Confident |Confident | Confident |Confident |Confident Not Answered

Ask the professor for help when I
get stuck on homework *

Ask a TA for help when I get
stuck on homework *

Learn physics concepts

Work well in a group during
recitation *

Find a group of students to study
with *

Express my opinions when others
disagree with me

Discuss physics ideas when I don't
understand them

Manipulate algebraic equations

Use calculus to solve physics
problems

Interpret graphs
Pay attention in lecture *

Complete the course with a B or
better

Answer questions posed by the
professor in class

Ask questions during lecture *

16) What experiences did you have in this course that contributed to how confident you are about succeeding in
Physics 2 {your next physics course}? *

Please rate the extent to which you agree or disagree with the following statements about your experiences in this
physics course:

17) Ireceived good grades on my homework in this class.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

18) Watching other students in class made me think that I could succeed in physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

19) My peers in this class encouraged me to do well on homework.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree
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20) I was usually able to help my classmates with difficult physics problems.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

21) Listening to other students during Tutorials made me think that I could not understand physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

22) The instructor in this course encouraged me to put forth my best effort.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

23) Irarely knew the answer to the clicker questions raised in class.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

24) Students who were similar to me did well on exams.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

25) No one in this class has encouraged me to go on in science after this course.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

26) People often tell me that I'm good at physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

27) I had difficulty with exams in this class.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

28) Please report your gender. *

Prefer not to
answer

Female Male
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Appendix B: Factor Analysis Results
In the tables below we give the rotated factor loadings for males and females on the pre-
and post-course survey. Only those factor loadings that are greater than 0.33 are given. The

highest factor loading for each task is boldfaced.

Factor loadings for items from the pre-course survey, for male students only.

Factor1  Factor2 Factor3 Factor4

Complete homework assignments by myself 0.65 0.39

Perform well on exams 0.70 0.41

Demonstrate what I know on exams 0.63 0.45

Discuss physics ideas with my peers 0.74

Defend my physics ideas to my peers 0.33 0.77

Learn physics concepts 0.61 0.39

Complete the course with a B or better 0.66 0.36

Answer questions posed by the professor in class 0.42 0.56 0.33
Manipulate algebraic equations 0.71

Use calculus to solve physics problems 0.75

Interpret graphs 0.72

Complete homework assignments with the help of other students 0.38 0.51

Find other students to help me when I get stuck on homework 0.84

Find a group of students to study with 0.81

Work well in a group during recitation 0.41 0.49

Ask the professor for help when I get stuck on homework 0.79
Ask a TA for help when I get stuck on homework 0.78
Ask questions during lecture 0.54 0.46
Express my opinions when others disagree with me 0.65

Discuss physics ideas when I don’t understand them 0.55 0.36

Pay attention in lecture 0.63
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Factor loadings for items from the pre-course survey, for female students only.

Factor1  Factor2 Factor3 Factor4

Complete homework assignments by myself 0.69

Perform well on exams 0.86

Demonstrate what I know on exams 0.81

Discuss physics ideas with my peers 0.68 0.46

Defend my physics ideas to my peers 0.69 0.39

Learn physics concepts 0.71

Complete the course with a B or better 0.76

Answer questions posed by the professor in class 0.64 0.37
Manipulate algebraic equations 0.84

Use calculus to solve physics problems 0.82

Interpret graphs 0.78

Complete homework assignments with the help of other students 0.44 0.53

Find other students to help me when I get stuck on homework 0.83

Find a group of students to study with 0.85

Work well in a group during recitation 0.52

Ask the professor for help when I get stuck on homework 0.84
Ask a TA for help when I get stuck on homework 0.83
Ask questions during lecture 0.34 0.57
Express my opinions when others disagree with me 0.43 0.63

Discuss physics ideas when I don’t understand them 0.52 0.34
Pay attention in lecture 0.40

Factor loadings for items from the post-course survey, for male students only.

Factor1  Factor2 Factor3 Factor4

Complete homework assignments by myself 0.73

Perform well on exams 0.85

Demonstrate what I know on exams 0.83

Discuss physics ideas with my peers 0.66

Defend my physics ideas to my peers 0.73

Learn physics concepts 0.67

Complete the course with a B or better 0.76

Answer questions posed by the professor in class 0.58 0.51
Manipulate algebraic equations 0.83

Use calculus to solve physics problems 0.80

Interpret graphs 0.33 0.74

Complete homework assignments with the help of other students 0.38 0.55

Find other students to help me when I get stuck on homework 0.88

Find a group of students to study with 0.84

Work well in a group during recitation 0.58

Ask the professor for help when I get stuck on homework 0.61 0.40
Ask a TA for help when I get stuck on homework 0.63 0.36
Ask questions during lecture 0.65
Express my opinions when others disagree with me 0.46 0.39 0.37
Discuss physics ideas when I don’t understand them 0.35 0.41
Pay attention in lecture 0.76
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Factor loadings for items from the post-course survey, for female students only.

Factor1  Factor2 Factor3 Factor4

Complete homework assignments by myself 0.62

Perform well on exams 0.87

Demonstrate what I know on exams 0.85

Discuss physics ideas with my peers 0.58 0.45

Defend my physics ideas to my peers 0.64 0.35

Learn physics concepts 0.71

Complete the course with a B or better 0.76

Answer questions posed by the professor in class 0.60 0.35
Manipulate algebraic equations 0.81

Use calculus to solve physics problems 0.80

Interpret graphs 0.77

Complete homework assignments with the help of other students 0.67

Find other students to help me when I get stuck on homework 0.86

Find a group of students to study with 0.84

Work well in a group during recitation 0.60 0.36
Ask the professor for help when I get stuck on homework 0.80
Ask a TA for help when I get stuck on homework 0.77
Ask questions during lecture 0.46 0.49
Express my opinions when others disagree with me 0.50 0.53

Discuss physics ideas when I don’t understand them 0.39 0.50 0.34
Pay attention in lecture 0.56
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Appendix C: Summary Tables of Survey Statistics

This appendix contains summary tables of the average values of self-efficacy (and each
of its components) and the sources of self-efficacy for males and females in each semester of
Physics 1 and Physics 2, and averaged over all semesters of each course. The * (**) indicates
that the difference between males and females (for all values in the M — F columns) or between
the pre- and post-surveys (in the POST — PRE rows) are statistically significant at the p<0.05
(p<0.01) level. The final two columns in each table contain p values for ANOVA tests to
determine whether there are significant differences in the average value for males or females by

semester. Throughout all tables, significant p values are underlined.
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Appendix D: Regression Models for Physics 2

Coefficient estimates and multiple regression model statistics for each regression model. The dependent variable is
the average exam score. B is the un-standardized coefficient, S is the standardized coefficient.

Model 1 Model 2 Model 3 Model 4
Model-Level
Statistics
Multiple R 0.050 0.218 0.276 0.285
F statistic p <0.001 <0.001 <0.001 <0.001
value
Std. Error 13.1 11.9 11.5 11.4
Independent . . . .
Variables B B Sig. B B Sig. B B Sig. B B Sig.
Constant 73.3 <0.01 71.5 <0.01 54.1 <0.01 55.5 <0.01
Female -6.81 -0.22 <0.01 -5.49 -0.18 <0.01 -3.53 -0.12 <0.01 -6.84 -0.22 <0.01
Math Score 5.42 0.39 <0.01 4.15 0.30 <0.01 4.17 0.30 <0.01
Semester N2-2 4.24 0.15 <0.01 3.84 0.13 <0.01 2.04 0.07 0.06
Semester G2-4 0.86 0.03 0.36 1.79 0.06 0.05 0.56 0.02 0.60
Pre-

Performance SE 332 0.20 <0.01 3.16 0.19 <0.01

Pre-Emotional 1.25 0.09 0.02 1.33 0.09 0.02

Response
Gender x
Sem_N2-2 6.69 0.13 <0.01
Gender x
Sem_G2-4 4.25 0.09 0.04
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Coefficient estimates and multiple regression model statistics for each regression model. The dependent variable is
the post-course performance self-efficacy score. B is the un-standardized coefficient, S is the standardized

coefficient.

Model 1 Model 2 Model 3 Model 4
Model-Level
Statistics
Multiple R? 0.084 0.344 0.551 0.700
Fstatistic p <0.001 <0.001 <0.001 <0.001
value
Std. Error 0.85 0.72 0.60 0.49
Independent . . . .
Variables B B Sig. B B Sig. B B Sig. B B Sig.
Constant 3.76 <0.01 1.25 <0.01 -0.02 091 -0.43 <0.01
Gender -0.59 -0.29 <0.01 -0.35 -0.18 <0.01 -0.15 -0.08 <0.01 -0.05 -0.02 0.25
Average Exam 004 052 <00l 002 034 <00l 00l 012  <0.01
Score
Semester N2-2 -0.03 -0.02 0.60 -0.02 -0.01 0.64 0.05 0.03 0.22
Semester G2-4 -0.05 -0.02 0.42 0.02 0.01 0.61 0.02 0.01 0.65
Pre-

Performance SE 0.55 0.51 <0.01 0.31 0.29 <0.01

Mastery 0.23 0.20 <0.01
Experiences

Vlcarl_ous 0.11 0.09 <0.01
Experiences

Verbal 0.11 0.08 <0.01
Persuasion

Emotional 0.24 0.27 <0.01
Response

Once all of the variables in Model 4 are included, students’ Math Score is not a
significant predictor of post-course performance self-efficacy [$=0.004, #(932)=0.23, p=0.82].
All interactions between gender and each of the sources of self-efficacy were also tested. None
of these interactions was significant [ME: $=-0.10, #929)=-1.25, p=0.21; VE: =-0.06, #(929)=-
0.95, p=0.34; VP: =0.03, #929)=0.47, p=0.64; ER: =0.09, #929)=1.60, p=0.11], suggesting

that there are no differences in how the sources predict self-efficacy for males and females.
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CHAPTER 5 APPENDICES
Appendix A: Summary Tables of Survey Statistics

This appendix contains summary tables of the average values of physics identity for
males and females in each semester of Physics 1 and Physics 2, and averaged over all semesters
of each course. The * indicates that the difference between males and females (for all values in
the M — F columns) or between the pre- and post-surveys (in the POST — PRE rows) are
statistically significant at the p<0.05 level. In the tables that are broken down by semester, the
final two columns contain p values for ANOVA tests to determine whether there are significant
differences in the average value for males or females by semester. Throughout all tables,
significant p values are underlined.

Throughout the analysis, the Recognition by Others measure is an average of all 4
statements for the K1-1, J1-2, J2-2 and N2-2 semesters, but averages only the 2 statements that

were asked in the K1-2 and G2-4 semesters.
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Identity as a function of student declared major:

For this analysis, I had to combine all semesters of each course. Still, the number of
female physics majors is small. There were 16 female physics majors in Physics 1 and 10 female
physics majors in Physics 2. For males and females in each course, and for each variable, we
used an ANOVA analysis to test if the average scores were different by major with gender. The

ANOVA p values are given at the bottom of each list of majors.

Self-Identity Recognition by Others
Physics 1 Physics 2 Physics 1 Physics 2
M F M-F M F M-F M F M-F M F M-F
PRE
Physics  4.19 4.13 0.06 4.40 4.60 -0.20 3.81 3.67 0.14 3.97 410 -0.13
Engineering  3.70 3.29 0.41%* 3.63 2.97 0.66* 3.50 3.25 0.25% 3.51 312 0.39*%
Other Science 3.45 2.78 067* 3.26 2.69 0.57* 2.97 2.69 0.28%* 2.97 2.56  0.41*
Non-Science 3.65 3.17 0.48 3.75 2.50 1.25% 3.28 2.83 0.45 3.06 2.63 0.43
Undeclared  3.59 3.16 0.43* 3.71 3.50 0.21 3.26 2.97 0.29 3.33 3.33 0.00
ANOVA pvalue <001 <0.01 <0.01  <0.01 <0.01  <0.01 <0.01 <0.01
POST
Physics ~ 4.05 3.66 0.39 435 4.25 0.10 3.76 3.63 0.13 3.96 3.95 0.01
Engineering  3.53 2.92 0.61% 3.66 2.82 0.84* 3.40 3.07 0.33* 3.55 3.10  0.45%*
Other Science 2.92 2.16 0.76* 3.27 2.47 0.80%* 2.80 2.45 0.35% 3.11 2,62  0.49*
Non-Science 3.19 2.54 0.65% 3.71 2.41 1.30%* 2.99 2.71 0.28 3.14 2.66 0.48
Undeclared  3.26 2.90 0.36 3.63 3.17 0.46 3.16 2.99 0.17 3.43 3.03 0.40
ANOVA pvalue <001 <0.01 <0.01  <0.01 <0.01  <0.01 <0.01 <0.01
POST - PRE
Physics  -0.14 -0.47 0.33 -0.05 -0.35 0.30 -0.05 -0.04  -0.01 -0.01  -0.15 0.14
Engineering -0.17*  -0.37  0.20* 0.03 -0.15  0.18* -0.10*  -0.18*  0.08 0.04 -0.02  0.06
Other Science  -0.53*  -0.62*  0.09 0.01 -0.22 0.23 -0.17*  -0.24*  0.07 0.14 0.06 0.08
Non-Science -0.46* -0.63*  0.17 -0.04  -0.09 0.05 -0.29*  -0.12  -0.27 0.08 0.03 0.05
Undeclared -0.33*  -0.26  -0.07 -0.08  -0.33*  0.25 -0.10 0.02 -0.12 0.10 -0.30  0.40
ANOVA p value <0.01 0.34 0.83 0.93 0.31 0.51 0.68 0.78
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Appendix B: Regression Models for Exams in Physics 1 and Physics 2

Coefficient estimates and multiple regression model statistics for each regression model, for students in Physics 1.
The dependent variable is the average exam score. B is the un-standardized coefficient, § is the standardized
coefficient.

Model 1 Model 2 Model 3 Model 4
Model-Level Statistics
Multiple R 0.020 0.565 0.569 0.575
F statistic p value <0.001 <0.001 <0.001 <0.001
Std. Error 14.1 9.4 9.4 9.3
Independent . . . .
Variables B B Sig. B B Sig. B B Sig. B B Sig.
Constant 69.8 <0.01 64.6 <0.01 61.8 <0.01 56.3 <0.01
Female -4.44 -0.14  <0.01 -0.11 0 0.89 0.24 0.01 0.76 0.54 0.02 0.50
FMCE Pretest 0.25 0.47 <0.01 0.25 0.45 <0.01 0.24 0.44 <0.01
Math Score 5.43 0.36 <0.01 5.38 0.36 <0.01 5.12 0.34 <0.01
Semester J1-2 -4.69 -0.16  <0.01 -4.51 -0.16  <0.01 -4.60 -0.16  <0.01
Semester K1-2 -11.30  -035 <0.01 -10.89 -034 <0.01 -10.65 -0.33 <0.01
Pre-Self-Identity 1.34 0.09 <0.01 0.27 0.02 0.53
Pre-Recognition by 0.62 0.04 024
Others

Pre-Emotional

1.94 0.10 <0.01
Response

Coefficient estimates and multiple regression model statistics for each regression model, for students in Physics 2.
The dependent variable is the average exam score. B is the un-standardized coefficient, § is the standardized

coefficient.
Model 1 Model 2 Model 3 Model 4

Model-Level Statistics
Multiple R* 0.050 0.218 0.250 0.285
F statistic p value <0.001 <0.001 <0.001 <0.001
Std. Error 13.1 11.9 11.7 11.4
Independent Variables B B Sig. B B Sig. B B Sig. B B Sig.
Constant 73.3 <0.01 71.5 <0.01 62.5 <0.01 54.6 <0.01
Female -6.81 -022 <0.01 -549 -0.18 <0.01 -397 -0.13 <0.01 -327 -0.11 <0.01
Math Score 5.42 039  <0.01 4.80 035  <0.01 4.28 0.31 <0.01
Semester N2-2 4.24 0.15  <0.01 3.67 0.13 <0.01 3.68 0.13  <0.01
Semester G2-4 0.86 0.03 0.36 0.27 0.01 0.77 1.11 0.04 0.23
Pre-Self-Identity 1.56 0.13 <0.01 0.89 0.07 0.04
Pre-Recognition by Others 1.08 0.08 0.06
Pre-Performance SE 3.55 0.22 <0.01
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CHAPTER 6 APPENDICES
Appendix A: Affirmation and Control Exercises and TA Script

Name: Date:

Read this list of personal values and think about each of the values. Then circle the two or
three values that are MOST important to you. We understand that many of these values
may be important to you. Even if you feel that many of the values are important, please
pick only TWO or THREE of them to circle. There are no right or wrong answers.

The most important values to me are: (circle two or three)

Sports Ability

Sense of Humor

Spiritual or Religious Values
Relationships with Friends or Family
Government or Politics

Learning and Gaining Knowledge
Music

Belonging to a Social Group
(such as your community, racial group, or school club)

Independence

Career

Being Smart or Getting Good Grades
Creativity

Being Good at Art

(Please turn the page)
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Directions:
1. Look at the values you picked as most important to you.
2. Think about times when these values were or would be very important to you.
3. Describe why these values are important to you. Focus on your thoughts and

feelings, and don’t worry about spelling or grammar.

(Please turn the page; or if you need more space feel free to continue on reverse side)
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Again, look at the values you picked as most important. List the top two reasons why

these values are important to you:

Make a check mark to show how much you agree with each of the following statements:

1. In general, I try to live up to these values.

Strongly Disagree Somewhat Somewhat
Disagree Disagree Agree

2. These values are an important part of who I am.

Strongly Disagree Somewhat Somewhat
Disagree Disagree Agree

3. I care about these values.

Strongly Disagree Somewhat Somewhat
Disagree Disagree Agree
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Name: Date:

Read this list of personal values and think about each of the values. Then circle the two or
three values that are LEAST important to you. Even if you feel that several of the values
are not very important, please pick only TWO or THREE of them to circle. There are
no right or wrong answers.

The least important values to me are: (circle two or three)

Sports Ability

Sense of Humor

Spiritual or Religious Values
Relationships with Friends or Family
Government or Politics

Learning and Gaining Knowledge
Music

Belonging to a Social Group
(such as your community, racial group, or school club)

Independence

Career

Being Smart or Getting Good Grades
Creativity

Being Good at Art

(Please turn the page)
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Directions:
1. Look at the values you picked as least important to you.
2. Think about times when these values would be important to someone else (like
another student at your school or a person you’ve heard about).
3. Describe why these values would be important to someone else (like another
person at your school or a person you’ve heard about). Focus on your thoughts

and feelings, and don’t worry about spelling or grammar.

(Please turn the page; or if you need more space feel free to continue on reverse side)
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Again, look at the values you picked as least important. List the top two reasons why

someone else (like another student at your school or a person you’ve heard about) would

pick these as their most important value:

Make a check mark to show how much you agree with each of the following statements:

1. In general, some people try to live up to these values.

Strongly Disagree Somewhat Somewhat
Disagree Disagree Agree

2. These values are important to some people.

Strongly Disagree Somewhat Somewhat
Disagree Disagree Agree

3. Some people care about these values.

Strongly Disagree Somewhat Somewhat
Disagree Disagree Agree
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Instructions for TAs.

Thank you very much for your help. Below are the instructions for your recitation.
Please read all these instructions before your section so that you can be familiar
with them. If you have any questions, you can email or call Lauren Kost-Smith at
Lauren.Kost@colorado.edu, (303) 735-0458, Duane F1025.

1. Please read the script OUT LOUD to yourself or someone else 2 or more
times sometime before Thurs so that you can read the material naturally in
class. Itis important not to go off script unless necessary.

2. When recitation is done, keep these instructions out of view so the
students from the prior or the next class do not see them.

3. As much as possible, please read WORD FOR WORD all text that is
highlighted/bolded in the script.

4. Emphasize underlined text, for example, by reading more slowly and
adding emphasis as you speak.

5. Text that is in brackets provides directions to you and should not be read
out loud.

6. Please use a clock or watch to make sure that all students are given 15
minutes to complete the writing exercise.

7. If a student arrives after you have finished the instructions, make their
arrival time on the outside of the envelope when you give it to them. You
can say something like “The rest of the students are working on
something. All the directions are inside.”

a. If a student comes very late, and would 5 minutes or less to work
on the writing exercise, you can just give them the alternative
writing packet or ask them just to wait because you will be finishing
with this in just a few minutes.

8. It's important that people be quiet as they complete the writing exercise
and approach you with questions, instead of asking them aloud, since
talking aloud could call attention to differences in the exercises (which
could undermine the study’s validity). If students raise their hands with
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questions, wave them up front to ask you the question personally.

9. When students complete the writing exercise, have them put it back in
their envelope and then move on to the test.

10.Collect all students’ envelopes at the end of the 15 min period and leave
them up front with the rest of the class materials. PLEASE DO NOT open
or read the contents of any envelopes, to ensure student privacy. An
observer who is part of the research team will retrieve the envelopes from
you immediately after class, once the last student has left.

11.As students leave, give them a blank copy of the consent form for them to
take with them. As you are introducing the FMCE, you might mention that
there is a handout for them to take with them on their way out.

12.Materials you will need:

a. 1 manila envelope for each student. These will be left for you in
your classroom.

b. Small stack of alternative assignments. This will be for students
who are under 18 or do not want to do the writing exercise. You
do not need to hand these out. Students who need them will come
up to ask you for one. These will be provided to you by Professor
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CLASSROOM SCRIPT [Do not read bracketed sections]

| am going to be reading some of the instructions for today’s class to make
sure that | say everything | need to.

Today in recitation you’ll be doing two different things: a writing exercise
and a conceptual survey.

First you’ll do the writing exercise.

As Professor mentioned in lecture, one of the things that is
important in physics and physics training is clear thinking.

Professor has teamed with some other researchers on campus to
develop a writing exercise that will ask you to think about values that are
important to people. As you know, thinking and writing clearly is valuable
in science, and this exercise is intended to start the process in this course.

| am now going to pass out materials for the writing exercise. All the
instructions for the writing exercise are inside the envelope. Please be
QUIET as you do this. If you have any questions, please come see me up
front. [pass out envelopes]

[LOOK AT CLOCK OR WATCH. BE SURE TO GIVE STUDENTS ~ 15
MINUTES TO WORK ON EXERCISE. ]

AFTER THEY ARE DONE ~ 15 MINUTUES

Okay, please put your exercise back in the envelope and pass them in. It’s
OK if you did not complete the whole writing exercise. We’ll now move on
to the conceptual survey.

[Collect envelopes and any alternative assignment packets. A member of the

research team will take them once class is over. Please do not open envelopes
to ensure privacy.]
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Suggested Responses to Student Questions:

1.

2.

Is this for the whole class?—All recitations will be doing this today.

Do | have to do this?—Your opinions are important, so | hope you will.
Most students will be doing this but the choice is yours.

Why do | have to do this?—Because clear thinking is important in
physics training and this exercise is intended to start that process by
encouraging you to think about things that are important to you.

Will | get a grade on this?—It’s not graded.

Why do | have different questions from him/her?—Some people have
different questions from other people. There are a lot of questions to
ask, but there’s not enough time for everyone to answer all of them.

Can | write on a topic that’s not on the list?— For now, just choose one
of the ones on the list.

Why do we get envelopes?—It’s a way of keeping your answers
private.

Who will read these?—Your answers will be private and confidential.
They will be shown to the instructor and research team but all names
will be removed from the exercise, and replaced with a random ID
number, before this occurs.

Why did | have to sign a consent form? Your answers will be tabulated
by other researchers who are working with your professor, and we
are required by law to get your consent to allow this.

10.Why do | need to be 18 for this? Your answers will be tabulated by

other researchers who are working with you professor, and we are
required to get your consent to allow this. The law says that to give
consent, you have to be 18.

If students have questions you cannot answer or seem to want more information
during the exercise, suggest that they continue with the writing exercise, then
take a copy of the consent form with them when they leave. It has contact
information for a researcher associated with the project who can answer their
questions in more detail.
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Appendix B: Attitudes Toward Science Survey
The following items were included on the survey that students took in the second week of

the course. We used item #3 to measure students’ level of stereotype endorsement.

Please rate the extent to which you agree or disagree with each of the following statements:
1) Ithink about the physics I experience in everyday life.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

2) After I study a topic in physics and feel that I understand it, I have difficulty solving problems on the same
topic.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

3) According to my own personal beliefs, I expect men to generally do better in physics than women.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

4) I am not satisfied until I understand why something works the way it does.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

5) Ido not expect physics equations to help my understanding of the ideas; they are just for doing

calculations.
S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

6) I study physics to learn knowledge that will be useful in my life outside of school.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

7) I think my physics teachers expect women to do better than men in physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

8) IfI get stuck on a physics problem on my first try, I usually try to figure out a different way that works.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree
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9) Nearly everyone is capable of understanding physics if they work at it.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

10) According to general beliefs in society, men are expected to be better at physics than women.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

11) If I don't remember a particular equation needed to solve a problem on an exam, there's nothing much I can
do (legally!) to come up with it.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

12) There are too few women in my physics classes.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

13) If I want to apply a method used for solving one physics problem to another problem, the problems must
involve very similar situations.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

14) 1 enjoy solving physics problems.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

15) 1think women typically get better grades than men in physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

16) In physics, mathematical formulas express meaningful relationships among measurable quantities.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

17) Learning physics changes my ideas about how the world works.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree
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18) I think my physics teachers expect men to do better than women in physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

19) Reasoning skills used to understand physics can be helpful to me in my everyday life.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

20) I can usually figure out a way to solve physics problems.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

21) According to my own personal beliefs, I expect women to do better than men in physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

22) The subject of physics has little relation to what I experience in the real world.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

23) To understand physics, I sometimes think about my personal experiences and relate them to the topic being

analyzed.
S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

24) 1 think men typically get better grades than women in physics.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

25) If I get stuck on a physics problem, there is no chance I'll figure it out on my own.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

26) 1 feel more comfortable talking about physics with students of the same sex than talking about physics with
students of the opposite sex.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree

27) When studying physics, I relate the important information to what I already know rather than just
memorizing the way it is presented.

S‘Frongly Sqmewhat Neutral Somewhat Strongly
disagree disagree agree agree
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The following questions have been designed to investigate ideas about intelligence. There are no right or wrong
answers. We are interested in your ideas.

Using the scale below, please indicate the extent to which you agree or disagree with each of the following
statements:

28) You have a certain amount of physics intelligence, and you really can't do much to change it.

Strongly

: Slightly Slightly Agree Strongly
disagree

Disagree .
disagree agree agree

29) Your physics intelligence is something about you that you can't change very much.

S‘Frongly Disagree S'hghtly Slightly Agree Strongly

disagree disagree agree agree
30) To be honest, you can't really change how intelligent you are in physics.

S‘Frongly Disagree S'hghtly Slightly Agree Strongly

disagree disagree agree agree

31) You can learn new things, but you can't really change your basic physics intelligence.

Strongly

: Slightly Slightly Agree Strongly
disagree

Disagree .
disagree agree agree
32) People in my physics class believe that people have a certain amount of physics intelligence and they can't
really do much to change it.

Strongly

: Slightly Slightly Agree Strongly
disagree

Disagree .
disagree agree agree

33) People in my physics class believe that people's physics intelligence is something that you can't change

very much.
S‘Frongly Disagree S'hghtly Slightly Agree Strongly
disagree disagree agree agree

34) People in my physics class believe that you can't really change how intelligent you are in physics.

Strongly

: Slightly Slightly Agree Strongly
disagree

Disagree .
disagree agree agree
35) People in my physics class believe that you can learn new things, but you can't really change your basic
physics intelligence.

Strongly

: Slightly Slightly Agree Strongly
disagree

Disagree .
disagree agree agree
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Please rate the extent to which you agree or disagree with each of the following statements:

36) I feel like I belong in physics.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
37) People in physics accept me.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
38) I feel like an outsider in physics.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
39) People in physics are a lot like me.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
40) It is important to me to perform well on physics tests.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
41) Having strong physics skills is important to me.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
42) Doing well on physics tests is important to my self-esteem.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
43) My gender is an important part of who I am.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
44) 1 feel the most comfortable with people from my own gender group.
S_trongly Disagree S_hghtly Slightly Agree Strongly
disagree disagree agree agree
45) 1have a strong sense of belonging to my gender group.

S‘Frongly Disagree S_hghtly Slightly Agree Strongly

disagree disagree agree agree
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Appendix C: Table of Raw and Adjusted Average Values of Outcome Measures

This table contains the raw (covariate unadjusted) and covariate adjusted means of each outcome measure used in
the initial study. All scores except for the FMCE scores are adjusted based on students’ prior math score. FMCE pre-
test scores are not adjusted and FMCE post-test scores are adjusted based on FMCE pre-test scores. Standard errors
are given in parentheses.

Raw Means Covariate Adjusted Means

Outcome Measure Males Females Males Females
Overall Mean Exam Score (%)

Affirmation 69.4 (1.0) 65.2 (1.7) 69.2 (0.9) 67.0 (1.6)

Control 72.7 (1.2) 62.7 (1.7) 72.3 (1.1) 61.3(1.9)
Exam 1 Score (%)

Affirmation 76.6 (1.1) 72.6 (1.8) 76.4 (1.0) 74.0 (1.9)

Control 79.0 (1.4) 70.8 (2.2) 78.4 (1.3) 68.5(2.2)
Exam 2 Score (%)

Affirmation 69.0 (1.1) 67.1(1.9) 68.9 (1.0) 70.1 (1.9)

Control 72.0 (1.3) 63.9 (2.0) 71.6 (1.3) 61.9 (2.2)
Exam 3 Score (%)

Affirmation 61.8 (1.3) 54.3 (2.0) 61.3(1.2) 55.6 (2.2)

Control 66.5 (1.7) 54.7 (2.4) 66.1 (1.5) 54.5 (2.6)
Final Exam Score (%)

Affirmation 70.4 (1.1) 66.7 (1.9) 70.4 (1.0) 68.5 (1.8)

Control 73.3(1.2) 61.3 (2.0) 73.2 (1.3) 60.2 (2.1)
Final Course Score (%)

Affirmation 73.9 (0.8) 70.5 (1.5) 73.7 (0.7) 72.3 (1.4)

Control 76.0 (1.0) 69.3 (1.4) 75.7 (0.9) 68.2 (1.6)
FMCE Pre-test Score (%)

Affirmation 39.1 (2.2) 259 (3.4)

Control 41.5(2.9) 23.7 (4.0)
FMCE Post-test Score (%)

Affirmation 72.7 (2.3) 63.6 (4.1) 71.5 (2.0) 74.7 (3.8)

Control 74.7 (3.2) 56.2 (3.9) 72.4 (2.7) 62.0 (4.2)
CAPA Homework Score (%)

Affirmation 91.8 (0.8) 88.9 (1.5) 91.7 (0.9) 89.3 (1.4)

Control 89.7 (1.4) 94.0 (1.0) 89.7 (1.2) 94.2 (1.8)
Tutorial Homework Score (%)

Affirmation 74.7 (1.2) 76.7 (1.9) 74.5 (1.1) 77.3 (1.8)

Control 75.4 (1.6) 81.3 (1.6) 75.4 (1.5) 81.6 (2.3)
Participation Score (%)

Affirmation 81.1(1.1) 82.5(1.8) 81.1(1.1) 83.3 (1.8)

Control 79.6 (1.7) 85.7 (1.6) 79.9 (1.5) 86.0 (2.3)
Clicker Score (%)

Affirmation 85.2 (1.7) 82.9 (2.6) 85.1 (1.7) 83.5(2.8)

Control 78.5 (2.6) 88.6 (2.2) 78.9 (2.2) 88.8 (3.4)
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This table contains the raw (covariate unadjusted) and covariate adjusted means of each outcome measure used in
the replication study. All scores except for the FMCE scores are adjusted based on students’ prior math score.
FMCE pre-test scores are not adjusted and FMCE post-test scores are adjusted based on FMCE pre-test scores.

Standard errors are given in parentheses.

Raw Means Covariate Adjusted Means
Outcome Measure Males Females Males Females
Overall Mean Exam Score (%)
Affirmation 63.3 (1.3) 55.3(1.9) 62.8 (1.1) 56.8 (1.7)
Control 63.3 (1.6) 61.5(3.3) 63.8 (1.3) 60.1 (3.0)
FMCE Post-test Score (%)
Affirmation 64.1 (3.0) 49.8 (4.2) 61.2 (2.5) 65.8 (4.5)
Control 68.8 (3.8) 58.6 (7.0) 65.6 (3.1) 66.3 (6.0)
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Appendix D: Regression Models for Each Exam

Multiple regression coefficient estimates and significance levels. The dependent variable is the first exam score. The
independent variables significantly predicted students’ exam 1 scores [F(1,387)=10.70, p<0.01]. This model
accounts for 23% of the variance in mean overall exam score (R2=O.23).

Variables B #(387) Significance

Gender -0.19 -3.65 <0.01
Condition 0.06 1.02 0.31

Stereotype Endorsement -0.14 -2.37 0.02
Math Score 0.37 7.33 <0.01
Gender x Condition 0.12 221 0.03

Gender x Stereotype Endorsement -0.12 -2.05 0.04
Gender x Math Score -0.02 -0.36 0.72
Condition x Stereotype Endorsement 0.12 2.05 0.04
Condition x Math Score 0.08 1.65 0.10
Stereotype Endorsement x Math Score -0.08 -1.61 0.11

Gender x Condition x Stereotype Endorsement 0.18 3.04 <0.01

Multiple regression coefficient estimates and significance levels. The dependent variable is the second exam score.
The independent variables significantly predicted students’ exam 2 scores [F(1,387)=10.44, p<0.01]. This model
accounts for 23% of the variance in mean overall exam score (R*=0.23).

Variables B 1(387) Significance

Gender -0.13 -2.53 0.01

Condition 0.09 1.66 0.01

Stereotype Endorsement -0.09 -1.49 0.14
Math Score 0.36 7.00 <0.01
Gender x Condition 0.18 3.26 <0.01
Gender x Stereotype Endorsement -0.03 -0.58 0.56
Gender x Math Score -0.05 -0.90 0.37
Condition x Stereotype Endorsement 0.18 2.96 <0.01
Condition x Math Score 0.06 1.28 0.20
Stereotype Endorsement x Math Score -0.11 -2.31 0.02
Gender x Condition x Stereotype Endorsement 0.21 3.54 <0.01
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Multiple regression coefficient estimates and significance levels. The dependent variable is the third exam score.
The independent variables significantly predicted students’ exam 3 scores [F(1,387)=11.79, p<0.01]. This model
accounts for 25% of the variance in mean overall exam score (R*=0.25).

Variables B 1(387) Significance
Gender -0.22 -4.36 <0.01
Condition -0.05 -0.94 0.35
Stereotype Endorsement -0.09 -1.57 0.12
Math Score 0.39 7.80 <0.01
Gender x Condition 0.08 1.48 0.14
Gender x Stereotype Endorsement -0.04 -0.70 0.48
Gender x Math Score -0.04 -0.80 0.42
Condition x Stereotype Endorsement 0.10 1.71 0.09
Condition x Math Score 0.02 0.51 0.61
Stereotype Endorsement x Math Score -0.10 -2.04 0.04
Gender x Condition x Stereotype Endorsement 0.04 0.64 0.52

Multiple regression coefficient estimates and significance levels. The dependent variable is the final exam score.
The independent variables significantly predicted students’ final exam scores [F(1,387)=12.28, p<0.01]. This model
accounts for 26% of the variance in mean overall exam score (R*=0.26).

Variables B 1(387) Significance
Gender -0.23 -4.62 <0.01
Condition 0.09 1.70 0.09
Stereotype Endorsement -0.13 -2.26 0.02
Math Score 0.37 7.51 <0.01
Gender x Condition 0.19 3.45 <0.01
Gender x Stereotype Endorsement -0.02 -0.25 0.80
Gender x Math Score -0.01 -0.26 0.80
Condition x Stereotype Endorsement 0.12 2.07 0.04
Condition x Math Score 0.11 2.38 0.02
Stereotype Endorsement x Math Score -0.04 -0.83 0.41
Gender x Condition x Stereotype Endorsement 0.13 2.12 0.04
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Appendix E: Regression Models for Homework, Participation and Clicker Scores

The dependent variable is the CAPA homework score. The independent variables significantly predicted students’
CAPA homework scores [F(1,392)=2.66, p=0.02] and account for 4% of the variance (R*=0.04).

Variables B #(392) Significance
Gender 0.04 0.78 0.44
Condition -0.06 -1.09 0.28
Math Score 0.12 2.09 0.04
Gender x Condition -0.15 -2.60 0.01
Gender x Math Score 0.03 0.60 0.55
Condition x Math Score 0.08 1.48 0.14

The dependent variable is the Tutorial homework score. The independent variables significantly predicted students’
Tutorial homework scores [F(1,392)=3.58, p<0.01] and account for 5% of the variance (R*=0.05).

Variables B #(392) Significance
Gender 0.13 2.59 0.01
Condition -0.08 -1.52 0.13
Math Score 0.15 2.68 0.01
Gender x Condition -0.06 -1.00 0.32
Gender x Math Score 0.02 0.37 0.72
Condition x Math Score 0.09 1.80 0.07

The dependent variable is the participation score. The independent variables significantly predicted students’
participation scores [F(1,392)=3.19, p<0.01] and account for 5% of the variance (R*=0.05).

Variables B #(392) Significance
Gender 0.12 2.39 0.02
Condition -0.03 -0.48 0.63
Math Score 0.08 1.44 0.15
Gender x Condition -0.06 -1.13 0.26
Gender x Math Score 0.12 2.28 0.02
Condition x Math Score 0.13 2.55 0.01

The dependent variable is the clicker score. The independent variables significantly predicted students’ clicker
scores [F(1,392)=2.25, p=0.04] and account for 3% of the variance (R*=0.03).

Variables B #(392) Significance
Gender 0.08 1.58 0.12
Condition 0.01 0.19 0.85
Math Score 0.03 0.48 0.63
Gender x Condition -0.12 -2.19 0.03
Gender x Math Score 0.08 1.47 0.14
Condition x Math Score 0.09 1.69 0.09
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