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Research suggests that self-efficacy is one of the central factors predicting students’ engagement, participation
and retention in STEM fields. Physics is one of the STEM fields in which women are severely underrepresented.
Prior research has found that there is a gender gap in conceptual assessments and sometimes even in the final
exam favoring men. Women also report lower self-efficacy than men in physics. The origins of these gender disparities are complex, not well understood, and include systemic societal biases and stereotypes that disadvantage
women from a very young age both in and out of classroom. Since self-efficacy can impact performance and
vice versa, lower physics self-efficacy than men can disadvantage women in physics classes. We studied female
and male students’ self-efficacy and its relation to learning outcomes in calculus-based introductory physics
courses in which women are severely underrepresented. In particular, we discuss an investigation examining
students’ self-efficacy scores across gender and investigate the extent to which self-efficacy mediates learning
outcomes for male and female students, controlling for students’ relevant prior academic preparation such as AP
Physics or SAT scores. We found that gender differences in course grade were partially mediated by students’
prior knowledge and gender effect became non-significant factor after we include students’ pre self-efficacy
scores. This study can be helpful in catalyzing design and structuring of the physics classroom environment
and curriculum to improve the self-efficacy and learning of all students, particularly those from traditionally
disadvantaged groups such as women.
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I.

C: Mechanics [10]. Relatedly, developing robust mathematical skills can help students in college-level physics courses
[9]. For example, the number of mathematics courses taken in
high school is a strong independent predictor of students’ college achievements in introductory science courses [9]. Likewise, research suggests that high school math grades and
SAT math scores can predict college physics course success
[11, 12]. In one study, high school preparation in math was
found to be the strongest predictor of students’ physics grades
in college [8]. Mathematics as a foundation to physics is particularly relevant because gender differences have also been
found in math performance [13, 14]. Societal stereotypes and
biases about who is good at math and the type of encouragement and support that men and women receive to excel in
math throughout their lives from family and teachers can also
severely disadvantage women from a very young age. Gender
performance gap in pre-college math can further impact selfefficacy beliefs of women, increase their anxiety and impact
their college science course performance [15]. How students
do in the first-year college courses in addition to their beliefs
about how they expect to do can be one of the factors that
impact students’ retention.

INTRODUCTION

In the disciplines of science, technology, engineering, and
mathematics (STEM), there have been efforts to enhance the
participation and advancement of women, yet the historical
pattern of overall unequal gender representation remains in
many STEM disciplines. In particular, over the past decades,
some STEM fields, such as biology and chemistry, have
shown great improvement in the number of degrees earned
by women. However, other STEM fields, e.g., physics, have
seen little progress. For instance, the percentages of bachelor
and Ph.D. degrees in physics earned by women in the US are
approximately 20% [1].
Despite the ongoing efforts, physics education researchers
have still not fully understood and explained the reasons for
the underrepresentation and underperformance of women in
physics. The origins of these gender disparities are complex
and include systemic societal biases and stereotypes that disadvantage women from a very young age both in and out of
the classroom. There has been some effort in enhancing the
participation and achievement of female students in physics
with a broad focus on pedagogy and content improvement
[2]. Researchers in physics education have recently started
to investigate students’ motivational factors and how they can
be related to male and female students’ learning of and retention in physics. In this study, we focus on self-efficacy,
defined by Albert Bandura as "the belief in one’s capabilities
to organize and execute the courses of action required to manage prospective situations" [3]. Since self-efficacy can impact
performance and vice versa, lower physics self-efficacy than
men can disadvantage women in physics classes. Here, we
investigate the role of self-efficacy in explaining the gender
performance gap in calculus-based physics courses, in which
women are numerical minorities making up 30% of the class.

II.
A.

B.

Self-efficacy and Academic Performance

In learning science and educational research, self-efficacy
is one of the central factors pertaining to students’ beliefs
about their capability to perform well in a particular domain
[3]. In addition to interest, self-efficacy has been found to
shape and be shaped by students’ sense of being recognized
as well as their effort and engagement in class [16]. Another
study also showed that some of the central motivational constructs, such as interest or perception of recognition can be
related to self-efficacy and they can all contribute to students’
retention [17]. Likewise, the higher the students’ self-efficacy
in a particular learning activity, the more perseverance and
resilience they are likely to show when faced with adversity
[18].When encountering challenging activities, students with
low self-efficacy become less interested, make less effort and
time, and eventually disengage from the class [19]. These
behaviors act as a barrier to learning and development.
There is also a strong link between students’ self-efficacy
and academic performance. Studies in middle and high
school level have shown that self-efficacy can predict student
performance in science courses when controlling for prior
knowledge and academic skill differences [20, 21]. Relatedly,
non-physical science majors’ self-efficacy was also shown
to be a predictor of conceptual understanding and course
achievement in physics [22].

BACKGROUND

Gender Differences in Physics Performance, Prior Physics
Experience, and Academic Preparation

Previous studies have documented gender differences in
physics performance at various institutions [4–7]. Some researchers have suggested that the gender differences in college level physics performance stem from the differences between female and male students’ high school experiences and
preparation [8, 9].
In high school in the US, the Advanced Placement (AP)
physics courses are learning opportunities that can benefit
students as they prepare for college physics. The AP physics
courses can help students develop a deeper understanding of
physics principles and enhance their confidence and interest
in pursuing physics-related careers. Due to various reasons
including societal biases and stereotypes, female students enroll in AP physics at lower rates than their male counterparts
[10]. Moreover, the percentage of female students is lower in
the more advanced AP physics classes, such as AP Physics

C.

Self-efficacy, Gender, and Performance in Physics

Prior research shows a prevailing gender gap in students’
self-efficacy levels in physics courses [22–26]. In one study,
female students were found to feel less efficacious in physics
learning than male students regardless of the type of instruction (i.e., evidence-based active-engagement versus tra-
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recitation sections. The motivational survey took approximately 8-10 minutes and conceptual test took 40 minutes
to complete. After motivational and conceptual survey responses were collected, they were sent to an honest broker
to be linked with students’ demographic information from
the university records. Completion of this process gave researchers access to students’ survey results merged with their
gender and ethnic/racial identities as a de-identified dataset.
In terms of demographics, 31% of the students were reported
by the university as female; less than 1% of the students had
not given gender information and were therefore excluded
from this analysis. We acknowledge that the construct of gender is a multi-dimensional social construct that can have more
than binary options [27]; however, the gender data that we use
in our analysis are limited by these binary options.

ditional) [23]. Another study identified a large self-efficacy
gender gap for equally performing female and male students
for all achievement groups (low, medium, high) [24, 25]:
women earning As in physics often had self-efficacy levels
similar to men earning Cs in physics.
Building on the success of self-efficacy studies in predicting students’ achievement and retention, here we focus on
the impact of self-efficacy across gender on students’ college level calculus-based introductory physics achievements.
Physics is one of the pillar courses taken during the first year
of college and it is fundamental to almost all STEM degrees.
Positive experiences in freshmen physics courses are especially important since students often decide to stay or exit the
major at the end of the freshman year [28].
The research presented here focuses on the introductory
level calculus-based Physics 2 courses that students take in
the second half of their first year. Our primary goal is to explore the mediational mechanism of self-efficacy in explaining gender differences in Physics 2 learning outcome (physics
grade), while also integrating academic skills (SAT Math and
AP Physics test scores) and initial physics knowledge into
the structural equation model. We hypothesize that gender
differences in physics grades are mediated with prior knowledge and self-efficacy. Moreover, we also explore the contributions of SAT Math and prior knowledge as measured by
standardized conceptual test as additional possible mediators
of gender differences in physics grades.
In our prior work, we investigated students’ conceptual
post-test scores as a learning outcome in this course and
attempted to explain the gender gap in the conceptual test
scores using students’ self-efficacy, SAT, AP Physics test and
conceptual pre-test scores [26]. Here, we take our research
further by using the same participants [26] and conduct an
analogous analysis using students’ grades as a learning outcome. In contrast to conceptual tests which measure students’
conceptual understanding of physics, students’ grades mostly
depend on multiple midterm and final exams which evaluate
students’ understanding primarily using quantitative problem
solving. Therefore, in the research presented here, we aim to
use the same framework that we used in our prior work [26] to
understand the gender performance gap in students’ Physics
2 grades.
III.
A.

B.

Measurement

We previously developed and validated a self-efficacy survey that was built from prior survey instruments [24, 29].
Our instrument was iteratively refined and validated with exploratory factor analysis (EFA) and individual student interviews [24, 29]. Self-efficacy questions evaluated students’
belief in their ability to understand concepts in physics and
their self-perceptions of how they perform certain physicsrelated activities in and out of the classroom.
Students’ course grades were used as a measure of their
learning outcome. The final course grade was largely determined by students’ midterm and final exam scores. To correct
for instructor variation in grading, grades were z-scored using the class mean µ and standard deviation σ to calculate
z = (Grade − µ)/σ, essentially converting each student’s
grade to units of standard deviation.
The Conceptual Survey of Electricity and Magnetism
(CSEM) [30] was administered to measure students’ conceptual understanding of introductory electricity and magnetism, in contrast to their ability to solve quantitative problems (which can sometimes be solved algorithmically without
conceptual understanding of the underlying concepts). The
test was given at the beginning (pre) to measure students’ initial physics knowledge.
The university uses a wide variety of measures to determine admission to the university. Here, we use two of the
pre-college academic scores. The first is the Scholastic Assessment Test (SAT) Math score, which ranges from 400–
800. The second measure is the standardized final exam score
obtained in an Advanced Placement Physics course.

METHODOLOGY

Participants’ Demographic Information and Class Context

Participants were 642 students in calculus-based physics
courses who intended to major in engineering or physical sciences at a large research university. Students in the sample
were enrolled in eight sections of Physics 2 courses that were
taught by 4 male instructors having varying teaching experience. The demographic data (i.e., gender) were obtained
from the university data warehouse that also provided records
of students’ pre-college test scores (AP tests, SAT, etc.) and
university grades. Both motivational survey and conceptual
test were administered in the first week of classes during the

C.

Analysis

An initial examination compared female and male students’ scores in predictors (Self-efficacy, AP Physics test
score, SAT Math, and CSEM pre-test scores) and learning
outcome (Physics 1 grade) for statistical significance using
t-tests and for effect sizes using Cohen’s d [31]. Further, we
calculated the correlations between the key constructs for two
reasons: highly correlated constructs (> 0.90) would signal
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that they measure non-distinguishable dimensions whereas
low correlations (< 0.20) would indicate that the interrelation
between the constructs was so low as to not require a direct
link in the model (or could be excluded as a variable if not
connected to any other variable).
To test the hypothesized path between the variables, we
used Structural Equation Modeling (SEM) [32] as a statistical
tool by using R (lavaan package) with a maximum likelihood
estimation method [33]. There are commonly used thresholds for deciding whether the fit is acceptable or not: CFI
and TLI > 0.90; SRMR and RMSEA < 0.08 [34]. Here, we
tested the proposed theoretical model and examined the resulting structural paths between constructs. In creating a final
model, we began with the saturated model (i.e., included all
possible pathways), and then dropped the connections of variables that were non-significant predictors to obtain a model
that produced an acceptable fit to the data and contained only
statistically significant paths.
IV.

Statistically significant gender differences in favor of male
students were found on all of the variables (see Table II). A
very large gender gap is observed in students’ initial selfefficacy reports [31]. While men had a mean score of 2.93
in self-efficacy beliefs which corresponded to a positive confidence level, women had a neutral level of confidence (mean
~2.6) in physics at the beginning of the course, despite all
students being physical science or engineering majors. Further, the gender differences in the objective performance measures were smaller (Cohen’s d), with medium differences in
CSEM pre, and small differences in AP Physics, Math SAT,
and Physics grade. Thus, while there are pre-existing differences based on high school experiences, the largest gender
difference appeared to be one of perceived, rather than actual,
physics skills and knowledge.
TABLE II. Mean predictor and outcome values by gender, along
with statistical significance (p-value) and effect sizes (Cohen’s d)
for the gender contrast.

RESULTS
Predictors and Outcome

A.

Correlations and t-test Results

AP Physics (1-5)
SAT Math (400-800)
Self-efficacy (1-4)
CSEM Pre (0-1)
Course Grade (0-4)

Pairwise Pearson correlations are given in Table I. Focusing on the correlations among the predictors (self-efficacy,
SAT Math, AP Physics, the CSEM Pre) given in Table I, there
were medium-level correlations ranging from 0.28 to 0.43,
showing that the predictors are not so correlated as to be impossible to separate in the regression analyses, but also sufficiently intercorrelated that simple Pearson correlations with
outcomes can be artificially higher than the true direct relationships. Table I shows that the strongest correlation was
between the students’ initial self-efficacy and CSEM pre-test
scores, which assessed prior knowledge of Physics 2 topics.
Thus, these self-efficacy judgements had a basis in reality.
But the r = 0.43 correlation represents less than 20% shared
variance, so self-efficacy is not identical to performance measured by this test or necessarily free from biases based on
stereotypes and social interactions. Furthermore, CSEM Pre
was moderately correlated with AP Physics test scores, suggesting that prior experience with college-level physics is
quite important.
The last row of Table I presents the correlation values between the course grade and the predictors. Course grades
were roughly equally correlated with CSEM pre-test, Math
SAT and self-efficacy. The CSEM pre-test was most closely
correlated with students’ Physics Grades.

B.

Mean
p-value Cohen’s d
Female Male
1.83
2.11 < 0.05
0.20
709
725 < 0.01
0.29
2.57
2.93 < 0.001
0.76
0.37
0.42 < 0.001
0.38
2.58
2.72 < 0.05
0.20

SEM Path Model

Our model proved to fit the data well (see Figure 1), and
provided a strong fit: CFI = 0.99, TLI = 0.99, RMSEA =
0.02, and SRMR = 0.01. We report the standardized regression coefficients (β values) between the variables. Statistically significant p-values are indicated by *** for p < 0.001
and ** for p < 0.01. In the final model, direct predictors
of course grade were CSEM pre-test score, SAT math, and
self-efficacy variables. CSEM pre-test had the strongest connection to Physics 2 grade (β = 0.27***), followed by SAT
math (β = 0.13**) and self-efficacy (β = 0.12**) (see Figure 1). Most importantly, there was no link between gender
and students’ course grade in the model, which indicates that
the initial gender differences were mediated by differences in
students’ self-efficacy and prior knowledge.
C.

Total Indirect Effect

Since gender is not directly connected to Physics 2 grade in
the final path model, it is possible to examine the relative contribution of gender to grade via different mediators. Therefore, we calculated the total mediated effects between gender
and course grade. Within the path models, the indirect effects
of gender to the outcome variables were found by multiplying the coefficients of the particular predictor that connected
gender and course grade. If the predictor had more than one
path between gender and learning outcome, we summed each

TABLE I. Pearson inter-correlations within the predictors, and between the course grade and the predictors.
AP Physics SAT Math CSEM Pre Self-efficacy
SAT Math
0.33
–
CSEM Pre
0.40
0.36
–
Self-efficacy
0.34
0.28
0.43
–
Course Grade
0.20
0.34
0.37
0.30
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0.13 ∗∗

SAT
Math

∗∗

0

1
0.

∗∗∗

Self
Efficacy

0.13

0.1 ∗
2 ∗

∗∗∗

0.29

0.31∗∗∗

Grade

∗

0.31∗∗

0.3 ∗
0 ∗

Gender

variables (although varying effect sizes), with male students
scoring higher. Consistent with prior work [13–15], SAT
math showed a medium level gender gap in favor of male
students (d ~ 0.30) but the gender performance gap was much
smaller in AP physics test scores (d ~ 0.20).
The most striking result in our initial analysis was the large
gender gap in students’ self-efficacy at the beginning of the
course (d ~ 0.8). These self-efficacy belief differences across
gender are well beyond differences in their actual physics performances, as we previously found [24, 25]. For example, we
have found that even equally performing female and male students in calculus-based physics courses (both in Physics 1 and
Physics 2) have large self-efficacy differences [24, 25]. Prior
research has shown a relationship between self-efficacy and
students’ achievements [4, 18, 22, 24] with self-efficacy predicting students’ learning after controlling for prior knowledge [24, 35]. Our path analyses went beyond that prior
work to show that self-efficacy predicts performance even after controlling for prior physics knowledge and high-schoolbased academic differences.
Our most important finding is that the connection between
gender and learning outcomes becomes non-significant in the
final models of grade outcome measures. Further, the analysis of indirect effects revealed that the gendered patterns
in course grade were mainly associated with students’ selfefficacy, with a modest contribution of prior physics preparation and a very small contribution from mathematics skill.
We note, however, that mathematics skills and prior physics
preparation appeared to be part of the causes of the large differences in self-efficacy. In particular, differences in prior
mathematics and physics learning appear to play a small direct role in shaping later physics learning outcome differences by gender but plays an indirect role in shaping physics
learning outcomes via undermining/supporting student selfefficacy, which then itself influences learning.
Failure to create classroom environment that supports
women’s self-efficacy especially during their first-year college experiences not only has the potential for short-term negative outcomes, but is likely to lead to long-term effects, such
as gendered patterns of retention in STEM domains. Supporting women’s achievement and self-efficacy necessitates
promoting and supporting positive recognition and endorsement for their competence from mentors, academic advisors
and course instructors as well as their families. Designing
and implementing classroom interventions [36] can help to
further promote higher self-efficacy, interest, and sense of
belonging and improve performance and engagement in the
physics classrooms for female students.

7

2
0.

AP

∗
∗∗

∗∗∗

0.23

CSEM
Pre

FIG. 1. Results of the structural equation modeling between gender
and course grade through self-efficacy, SAT math, AP physics test
score and the CSEM pre. The line thicknesses correspond to the
magnitude of β values. All p-values are indicated by *** for p <
0.001 and ** for p < 0.01.

path’s contribution. For instance, one of the self-efficacy
mediation paths between gender and grade flowed through
SAT math so the calculation was (see Figure 1): (gender →
Sat Math) x (SAT Math → self-efficacy) x (self-efficacy →
grade), i.e., 0.10 x 0.13 x 0.12 = 0.002. The other self-efficacy
indirect paths were also calculated by a similar procedure and
then added to calculate the total indirect effect (see Table III).
The initial gender gap in students’ course grade was
smaller, so it is not surprising that the mediated effects are
all smaller for course grades. Overall, gender had the highest mediated effect through self-efficacy for students’ physics
grade, followed by CSEM pre-test and SAT math (see Table
III). In other words, the gender gap in students’ final course
performances was predominantly mediated by the large gender differences in self-efficacy.
TABLE III. Direct contribution of predictors to Physics 2 Grade and
the size of the total mediated contribution of the gender effect to
Physics 2 Grade via each predictor. AP physics is not presented in
this table since we did not find a direct connection to Grade in the
model. All p-values are indicated by *** for p < 0.001, ** for p <
0.01 and * for p < 0.05.

Predictor
CSEM Pre
Self-efficacy
SAT Math

Physics 1 Course Grade
Direct Predictor
Gender to Outcome
to Outcome
via Predictor
0.27 ***
0.03 ***
0.12 **
0.04 **
0.13 **
0.01 *

V.

CONCLUSION
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