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Self-efficacy can affect performance, career goals, and persistence. Prior studies show that female
students have lower self-efficacy than male students in various science, technology, engineering, and
mathematics (STEM) domains, and the self-efficacy gap is a factor that contributes to the low
representation of female students in STEM. However, prior research has not decoupled self-efficacy
differences from performance differences. This study examines the self-efficacy of male and female
students with similar performance in introductory physics courses and investigates whether gender gaps in
self-efficacy are persistent across different instructors and course formats. Students filled out a self-efficacy
in physics survey before physics 1, before physics 2, and at the end of physics 2. Students’ achievement
was measured by their performance on research-based conceptual physics tests and course grades. The
physics courses were taught by several instructors and varied in the type of pedagogy used, with some using
a “flipped” format and others using a traditional, lecture-based format. We found that female students had
lower self-efficacy than male students at all performance levels in both physics 1 and physics 2. The self-
efficacy gaps continued to grow throughout the introductory physics course sequence, regardless of course
format (i.e., traditional or flipped) and instructor. The findings suggest that female students’ self-efficacy
was negatively impacted by their experiences in introductory physics courses, and this result is persistent
across various instructors and course formats. Female students’ lower self-efficacy compared to similarly
performing male students can result in detrimental short-term and long-term impacts.

DOI: 10.1103/PhysRevPhysEducRes.14.020123

I. INTRODUCTION

A. Underrepresentation of women in STEM fields

In many countries, there has been much focus on the
underrepresentation of women in engineering and physical
science fields, from elementary to high school, at the
undergraduate level, in career fields, and in leadership
positions. In the United States, the numbers of women
studying science, technology, engineering, and mathemat-
ics (STEM) and pursuing STEM careers have not changed
significantly in the last decade [1]. For example, since
2000, women have earned approximately 20% of the
bachelor’s degrees awarded in physics and engineering,
with a similar underrepresentation at the masters and Ph.D.
levels [2–4]. Some efforts have been made to increase the
diversity in STEM courses and STEM occupations, yet the

reasons for the low percentage of women in science and
engineering are not fully understood and progress has been
slow (e.g., less than 1% change over the period from 2006
to 2014).

B. Self-efficacy and engagement in STEM fields

Deciding to pursue a STEM career and continuing a
pathway to physical sciences and engineering is generally
affected by several interrelated factors, including students’
prior preparation and skills [5–16], quality of teaching and
type of teaching approach [17–21], sociocultural factors
[22–35], and motivational factors [36–49]. Motivational
factors, such as intelligence mindset, interest in science,
and self-efficacy in science, can also influence students’
decisions to major and persist in STEM fields [36–38]. In
particular, self-efficacy is the belief in one’s capability to
be successful in a particular task, course, or subject area
[40–43] and it is one aspect of motivation. Self-efficacy can
impact one’s interests [44]. Because self-efficacy can shape
interest, it also influences engagement during learning [45].
Furthermore, students with high self-efficacy in a domain
often enroll in more difficult courses in that domain than
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those with low self-efficacy because they perceive difficult
tasks as challenges rather than threats [46]. Self-efficacy in
STEM also predicts initial career goals and enrollment in
STEM courses [37,43,47] as well as persistence toward
long-term career goals [44,48].
Self-efficacy in particular can have large long-term

effects because it can thrust a student into a feedback loop
which can impact students’ self-efficacy and performance
in a positive or negative way. As students complete short-
term goals (e.g., complete a physics course requirement for
a physical science or engineering major), they obtain
feedback about their performance that shapes their self-
efficacy. More surprisingly, research suggests that the
reverse effect also occurs: for a variety of reasons, self-
efficacy beliefs constrain performance in science courses
beyond the more normative effects of students’ prior
knowledge and skills [49]. For example, students with a
high self-efficacy are more likely to exhibit effective
learning strategies such as self-monitoring [44,50,51]
and tend to make more efficient use of problem-solving
strategies and time management [44]. In addition, students
with high self-efficacy are less likely to reject correct
hypotheses prematurely and tend to be better at solving
conceptual problems than students with low self-efficacy
but equal performance [52]. As a result, there are feedback
loops in which higher initial self-efficacy produces higher
performance which further strengthens self-efficacy; by
contrast, lower initial self-efficacy produces lower perfor-
mance which further weakens self-efficacy.
Unfortunately, several studies have shown that female

students have significantly lower self-efficacy than male
students in STEM-related domains [23,53,54] including in
mathematics, engineering [14,24,55], and computer sci-
ence [56,57]. In physics, female students report signifi-
cantly lower self-efficacy than male students [58–62], even
in interactive engagement courses [60] and even if female
students had received prior physics instruction in high
school [61]. Furthermore, female students experience a
decline in self-efficacy throughout their engineering edu-
cation at college [55]. A strong sense of self-efficacy,
especially for female students in physical science and
engineering courses, can help them persist in STEM fields
[63–67]. Given the central role of self-efficacy in career
choice and career persistence, the self-efficacy gap likely
contributes to the low representation of women pursuing
careers in physical science and engineering fields [21].
Therefore, understanding the source and nature of the gap is
important.

C. Rationale for the study and research questions

Prior studies have mainly focused on using self-efficacy
to predict performance outcomes [44,49,58]. However, this
study aims to investigate whether there are differences in
the self-efficacy of male and female students throughout
introductory physics courses at matched performance

levels. In particular, it is important to investigate whether
self-efficacy is a reflection of students’ actual performance,
or whether there is a self-efficacy gender gap over and
above performance that may be due to environmental
factors such as stereotype threat. There are two types of
performance that we look at: conceptual learning test
results and students’ grades. Differences in self-efficacy
even within similarly performing male and female students
can have many detrimental effects. A large underestimate
of one’s capability and/or performance can impact interest
and goals. For example, if female students inaccu-
rately perceive that they are not capable of succeeding in
a STEM field, that could lead to decreased interest
in STEM disciplines and underrepresentation of women
in STEM fields.
In mathematics, prior research has shown that male

students assess their own mathematical ability more favor-
ably than female students of similar ability in high school
[68]. Male students were more likely than equally perform-
ing female students to enroll in calculus courses in high
school, and this difference was shown to be due to
differences in male and female students’ self-efficacy
[68]. Since enrolling in calculus in high school has a large
influence on the decision of women to choose a STEM
major, female students’ self-efficacy in mathematics is
correlated with whether they enroll in advanced mathemat-
ics courses in high school and whether they decide to major
in a STEM discipline [68]. Research also suggests that
many women believe that they must achieve at exception-
ally high levels in mathematics and science to be successful
STEM professionals [69]. Interviews with and surveys of
women in engineering programs suggest that the exit of
women from engineering programs is not driven primarily
by their performance or success, but partly because women
have low self-efficacy and negatively interpret their grades
[38]. For example, female students may view a “B” grade
as a poor performance even though a “B” grade is above
average [68]. Furthermore, research suggests that women
who are equally successful as men at a mathematical task
are less likely to compete at the task at the same rate as male
students [70]. Much less research has examined whether
self-efficacy in science has a similarly gendered misper-
ception of ability.
The most common dropout points for women from

physical science or engineering pathways are during the
first and second years of college [38]. Since college level
physics is a key prerequisite to obtaining a physical science
or engineering degree and students usually take physics
sequences in their first year, it is important to examine the
self-efficacy of similarly performing male and female
students in college level physics courses for scientists
and engineers. However, research has not systematically
examined the self-efficacy of male and female students who
have similar performance outcomes in physics. It may be
that female students simply have lower performance levels
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and lower self-efficacy that reflects the lower performance
levels; alternatively, it may be that female students’ self-
efficacy in physics is below similarly performing male
students in college level physics courses. Women who have
high standards for achievement in physics may drop out of
physics courses and leave a STEM major at a higher rate
than male students if they underestimate their own capabil-
ity to succeed in physics. Thus, we systematically inves-
tigated the self-efficacy of similarly performing male and
female students in the context of the typical two-semester
physics course sequence for engineering and physical
science majors.
Matching students by performance requires selecting a

common performance metric. Student performance can be
assessed in many different ways, and there can be gender
biases in particular assessment formats [71–77]. For exam-
ple, grades based upon participation or explanation quality
in open-ended responses may reflect biases in the evaluator
or rater. Therefore, using standardized research-based
assessments provides one strong method for examining
this topic. However, performance shapes self-efficacy
through explicit feedback, and so the grades that students
obtain in courses provide another important performance
metric for this topic. Therefore, we examine self-efficacy
by gender in two different ways: once matched by research-
based standardized conceptual physics assessments and
again matched by course grades.
Since prior research has suggested that instructor

attitudes, assessment practices, and course format can
differentially influence learning, attitudes, and retention
in STEM courses [19,28,29,30,78,79], we also examine
students’ self-efficacy across different course types (e.g.,
flipped vs traditional format) and different instructors.
In particular, it has been found in some research studies
that students’ self-efficacy is impacted by different teaching
methodologies [58,60,61,80–84]. Our investigation can
shed light on whether self-efficacy gender differences at
matched performance levels are broadly generalizable
across different instructional contexts.
In particular, our research questions (RQ) are as follows:
RQ1. What is the self-efficacy of female and male

students throughout a two-semester physics course
sequence when prior knowledge differences on physics
conceptual surveys are accounted for?
RQ2. What is the self-efficacy of female and male

students throughout a two-semester physics course
sequence when students’ course performance is accounted
for?
RQ3. Are the effects consistent across different instruc-

tors and different types of physics courses, e.g., flipped vs
traditional formats in physics 1 and physics 2?

II. METHODOLOGY

To investigate the self-efficacy of introductory
students with similar performance outcomes in physics,

we administered a motivation survey and physics concep-
tual assessments in several sections of a two-course
calculus-based introductory physics sequence. We col-
lected data across two consecutive academic years.

A. Participants and class context

Participants were students enrolled in 9 sections of
physics 1 and 11 sections of physics 2. These two large
introductory physics courses are arranged in a two-semester
sequence at the University of Pittsburgh, a large R1 public
university. This calculus-based physics sequence is typi-
cally taken by engineering and physical science majors as a
requirement. Physics 1 includes topics such as kinematics,
forces, energy and work, rotational motion, gravitation, and
oscillations and waves. Physics 2 includes topics such as
electricity and magnetism, electromagnetic waves, reflec-
tion, interference, and diffraction. Both courses included
four lecture hours and one recitation hour per week. The
recitations were mandatory and included a weekly, low
stakes quiz. Most of the sections of both courses were
taught in a traditional, lecture-based format, but there were
four sections of physics 1 and four sections of physics 2
that were taught in a “flipped” format [85,86]: students
watched lecture videos before attending the lectures, during
which they worked on collaborative group problem solving
and clicker questions (in which the students answered
questions individually, discussed their answers with a peer,
and then answered the questions again).
Table I shows the number of students in introductory

physics courses who completed the motivation survey and/
or physics conceptual survey throughout the introductory
physics course sequence. The number of students is differ-
ent at different points of time because some students did not
take physics 2 and some students were not present in the
lecture or recitation section in which the surveys were
administered (however, when the analysis is performed
again for matched students, the results are qualitatively
similar).
The cohort of both courses was approximately 32%

female. Seventy-five percent of the students were white,
13% of the students were Asian, and 12% of the students
were black, Hispanic, or multiracial. Most of the students
were between 18 and 19 years old. Sixty-eight percent of

TABLE I. The number of students completing the self-efficacy
survey and the physics conceptual assessments at different points
in time.

Motivation survey Conceptual Assessment

Pre Post Pre Post

Physics 1 N ¼ 1054 Data not
collected

N ¼ 726 N ¼ 644

Physics 2 N ¼ 914 N ¼ 630 N ¼ 845 N ¼ 807

FEMALE STUDENTS WITH A’S HAVE SIMILAR … PHYS. REV. PHYS. EDUC. RES. 14, 020123 (2018)

020123-3



the students were enrolled in an engineering track, and the
rest were science majors or other majors requiring physics.

B. Validity and reliability of survey

The motivation survey was adapted and validated based
upon previously developed survey instruments [82,87–89]
and used in prior research studies [62,90,91]. The survey
includes questions focused on several aspects of motiva-
tion, including interest and value associated with physics,
intelligence mindset, and self-efficacy. In this paper, we
focus only on students’ responses to the self-efficacy
questions. Table II shows the physics self-efficacy survey
items, which all involved 4-point Likert scales. We note
that the scale for some of the self-efficacy questions was in
the form of “NO!, no, yes, YES!” This response scale has
been extensively validated in prior studies, including
studies of self-efficacy [54]. Our findings are similar to
the validation of these rating scales in prior investigation
[54]. In particular, this scale was used as opposed to
“strongly disagree, disagree, agree, strongly agree” because
students interpret these rating scales appropriately and
because it reduces students’ cognitive load, which is
especially important for non-native speakers and for ques-
tions that ask raters to consider subtle differences in survey
items [54]. The four-point scale also allows printing the
scale next to each item so students do not need to search the
instructions or map back to the initial scale as some surveys
do, thereby further reducing potential errors in mapping or
misremembering scale numbers. The physics self-efficacy
survey items represent a diverse set of contexts and forms
of interaction with physics and are meant to capture a
general sense of efficacy with physics content. The item
types are purposely varied to encourage processing of each
item, rather than quickly responding similarly to each item.

Internal coherence and discriminability from other motiva-
tional constructs (e.g., identity, interest, and valuing of
physics) was established through factor analysis, and item
separation is shown in detail in our previous work [62]. We
measured Cronbach’s alpha for each construct to check
internal consistency of the questions. The Cronbach’s alpha
is above 0.70 for all of the constructs and for self-efficacy
questions it is 0.74, which is considered adequate [91,92].
Individual interviews with students also provided useful
feedback for refining or discarding survey items.
We also ensured content validity, i.e., the degree to which

the survey items reflect the domain of interest (in our case,
self-efficacy), by taking steps to ensure that the respondents
interpreted the survey questions as was intended. We
conducted one-on-one interviews with 12 students (8 male
and 4 female students) in introductory, calculus-based
physics courses and 3 students in graduate-level physics
courses (2 male and 1 female students) using a think-aloud
protocol [93] to verify that the students interpreted each
question as intended. Students voluntarily participated in
the interviews and were compensated for their time. Most
of the students enrolled in the introductory physics courses
planned to major in engineering or physical science. The
interviewed students’ responses were audio recorded. Each
interview took approximately an hour. During the individ-
ual interviews, students were asked to read each question
aloud and explain how they interpreted the question. They
were also asked to respond to the survey questions and give
an explanation for their responses. During the interviews
and discussions, we paid attention to respondents’ inter-
pretations of the questions and modified them accordingly
in order to clarify their intent. We note that none of the
interviewees had difficulty interpreting the “NO!, no, yes,
YES!” response scale.

TABLE II. The physics self-efficacy survey. One item indicated with an (R) is reverse coded.

Survey item Response options

1. I can complete the physics activities I get in a lab class ○ Rarely
○ Half of the time
○ Most of the time
○ All of the time

2. If I went to a museum, I could figure out what is being
shown about physics in [see options to the right]:

a. None of it
b. A few areas
c. Most areas
d. All areas

3. I am often able to help my classmates with physics in the
laboratory or in recitation.

4. I get a sinking feeling when I think of trying to tackle
difficult physics problems. (R)

a. No!
b. no

5. If I wanted to, I could be good at doing physics research. c. yes
d. Yes!

6. If I study, I will do well on a physics test.
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C. Measures

Conceptual physics knowledge: In physics 1, the Force
Concept Inventory [94] was administered. In physics 2, the
Conceptual Survey of Electricity and Magnetism [95] was
administered. Both assessments have been extensively
validated as measures of conceptual understanding of core
physics phenomena and principles within each of the two
topic areas [94,95]. They also correspond to the earlier
parts of the course that would be covered by all
sections; coverage of later course content often varies
across sections (e.g., optics topics are not consistently
covered in physics 2).
For a number of the analyses, we grouped the students by

performance into three equal-width performance bins (i.e.,
the number of students in each bin was approximately the
same). Since students learned content from pre to post, the
cutoff scores were determined relative to the time point. See
Table III for the cutoff scores for each bin at each time
point.
Course grades: We also obtained students’ final grades

in each course. Students’ final grades are mostly based on
high-stakes assessments that may have more impact on
their self-efficacy than their performance on the physics
conceptual surveys. Since some grades occur infrequently,
for analysis, students were grouped into bins by grade
ranges: (i) C− and below (considered insufficient to move
on to the next course); (ii) C and Cþ; (iii) B−, B, Bþ; and

(iv) A−, A. Table IV shows the grade distribution for
students’ final grades in each course, along with the
percentage of students in each bin who are female.

D. Procedures

The self-efficacy survey was given at three time points:
at the beginning of physics 1, the beginning of physics 2,
and the end of physics 2; the end of physics 1 was excluded
to avoid survey fatigue or redundancy with the beginning of
physics 2 only a few weeks later. The relevant physics
conceptual assessment was given as a pretest or post-test in
each course. The self-efficacy survey and physics con-
ceptual assessments were typically administered in the first
and last recitations of the course, although one instructor
chose to give the survey in the lecture portion of the course.
In the first year of administration, some instructors chose to
give the survey and assessments in a written format,
whereas others chose to use an online format completed
outside of class. We found that the participation rates were
significantly lower for students who were given the online
format. Thus, in subsequent administrations, only the
written format was used. The self-efficacy survey was
completed by most students in a couple of minutes
(embedded in a larger motivational survey taking between
10 and 15 min), and the students worked through the
conceptual physics assessments in the remaining class time
(approximately 35–40 min).

TABLE III. The cutoff scores (in assessment percentages) for each FCI pretest or post-test and CSEM pretest or
post-test performance bins, along with percentage of female students within each bin.

Assessment Time point Bin cutoff scores % Female

FCI (physics 1; 33% female) Pretest Low (0%–45%) 52%
N ¼ 726 Medium (46%–67%) 33%

High (68%–100%) 14%
Post-test Low (0%–56%) 51%
N ¼ 644 Medium (57%–81%) 33%

High (82%–100%) 15%

CSEM (physics 2; 32% female) Pretest Low (0%–33%) 48%
N ¼ 845 Medium (34%–44%) 26%

High (45%–100%) 22%
Post-test Low (0%–42%) 44%
N ¼ 807 Medium (43%–63%) 30%

High (64%–100%) 26%

TABLE IV. The letter grade distributions for students’ final grades in each course, including % female within
each bin.

Course Total C− or below C, Cþ B−, B, Bþ A−, A

Physics 1 N ¼ 1130 N ¼ 210 N ¼ 375 N ¼ 368 N ¼ 177
33% female 34% female 44% female 33% female 24% female

Physics 2 N ¼ 1059 N ¼ 195 N ¼ 308 N ¼ 384 N ¼ 172
32% female 30% female 35% female 34% female 22% female
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Instructors were encouraged to give a small amount of
course credit to students for completing the surveys. The
instructor or teaching assistant responsible for giving the
survey was given the following script to announce before
administering the survey to the students to encourage
students to take the assessments seriously: “We are survey-
ing you on your understanding and beliefs about physics in
order to improve the class. Your responses will not be
evaluated for grades except to make sure the responses
were done seriously, rather than randomly.” The university
provided course grades and student demographics (gender,
ethnicity, and major), and this information was linked to the
conceptual assessments and self-efficacy surveys through
an honest broker; that is, the researchers only had access to
the linked data in a de-identified form. We removed a small
number of students whose gender was unidentified.

E. Analysis

To determine whether there are differences in the self-
efficacy of female and male students (overall, combining
different instructors and across flipped vs traditional for-
mats) controlling for performance on physics conceptual
surveys, we performed a linear regression in which the
dependent variable was students’ average post self-efficacy
score in either physics 1 or physics 2 and the independent
variables were gender and the students’ FCI or CSEM
posttest scores. This analysis was also conducted separately
for each instructor and format of physics course (i.e.,
flipped or traditional lecture-style format). This by-section
analysis allowed us to determine whether gender had a
significant impact on students’ end of semester self-
efficacy (controlling for their post FCI or CSEM scores)
across various instructors and course formats.
To take into account possible nonlinear effects, we also

analyzed students’ mean self-efficacy scores by gender and
conceptual survey performance bins. For each bin, we
calculated the effect sizes [Cohen’s d ¼ ðμ1 − μ2Þ=σpooled,
where μ1 and μ2 are male and female students’ average self-
efficacy scores and σ refers to the pooled standard
deviation] [96] between male and female students’ average
self-efficacy scores to compare the two groups’ standard-
ized means and determined whether the differences were
significant using a two-way ANOVA. The ANOVA analy-
sis was repeated across pretest and post-test data, in each
case analyzing the relationship of conceptual assessment to
its most temporally proximal self-efficacy data.
The same analysis was conducted using grade bins rather

than conceptual assessment bins. In this analysis, we
focused only on self-efficacy differences between male
and female students who passed the course (i.e., received a
grade of C or better in the course since a C or better is
required to remain on the engineering or physical science
track). For each final letter grade, we calculated the effect
size between male and female students’ average self-
efficacy scores and we checked whether the differences

were significant using a two-way ANOVA. We also
repeated this analysis at the level of individual self-efficacy
survey items to ensure that the gender differences in self-
efficacy were robust to physics self-efficacy more broadly,
rather than just efficacy about a particular aspect of physics
(e.g., test taking).

III. RESULTS

A. Gender differences in self-efficacy, controlling
for performance on standardized

conceptual physics tests

In regards to research question 1, at the beginning of
physics 1, a two-way ANOVA (self-efficacy is the outcome,
gender and conceptual test bin are the factors) revealed a
small but significant gender difference [Fð1690Þ ¼ 8.25,
p < 0.01], a significant effect of FCI bin (higher performing
students had higher confidence levels, p < 0.01), and no
significant interaction effect between gender and FCI bin.
However, as shown in Table Vand Fig. 1 (upper left), male
students’ self-efficacy was higher than female students’
primarily in the low and medium FCI performance groups.
The effect size differences in female and male students’ self-
efficacy for the medium and low pre-FCI bins were greater
than 0.30 (but less than 0.50); which is considered amedium
effect size. To contextualize the effect size, female students
in the medium FCI group had the same self-efficacy as male
students in the low FCI group.
At the end of physics 1, the main effect of gender was

also statistically significant [Fð1318Þ ¼ 22.28, p < 0.001]
and even larger overall, and the interaction of gender
and FCI performance bin was statistically significant
[Fð2317Þ ¼ 3.76, p < 0.05]. As shown in Table V and
Fig. 1 (upper right), the gender effect size was largest in the
low group, moderate in the medium group, and approach-
ing large in the high group. Interestingly for male students,
self-efficacy was the same in the medium and low group
(i.e., their self-efficacy was not influenced by relative
performance levels). As a result of both patterns, the top
performing female students had roughly the same self-
efficacy as the lowest performing male students.
At the beginning of physics 2, both main effects of

gender and CSEM performance bin were statistically
significant [for gender, Fð1777Þ ¼ 49.44, p < 0.001; for
CSEM bin, Fð2776Þ ¼ 60.70, p < 0.001], with no sig-
nificant interaction effect between gender and CSEM bin.
As shown in Table VI and Fig. 1 (lower left), the gender
effect size was generally large (greater than 0.50), with
female students in the medium CSEM group showing
similar self-efficacy scores as male students in the low
CSEM group, and female students in the high CSEM
group having equal self-efficacy with male students in the
medium group.
By the end of physics 2, both main effects of gender and

CSEM performance bin were statistically significant [for
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gender, Fð1594Þ ¼ 71.94, p < 0.001; for CSEM bin,
Fð2593Þ ¼ 27.00, p < 0.001], with no significant inter-
action effect between gender and CSEM bin. In other
words, students who earned higher scores in CSEM

reported higher self-efficacy. As shown in Table VI and
Fig. 1 (lower right), the gender differences become even
larger for the high CSEM performance group, increasing
from d ¼ 0.31 to d ¼ 0.78 (which is considered a large

TABLE V. Self-efficacy scores in physics 1 binned by FCI scores (high, medium, low) for female and male students (M ¼ mean,
SD ¼ standard deviation, N ¼ number of students), along with Cohen’s d for the gender contrast in means.

Self-efficacy FCI physics 1

Low Medium High

Pre Post Pre Post Pre Post

M SD N M SD N M SD N M SD N M SD N M SD N

Female 2.58 0.47 122 2.30 0.54 46 2.76 0.35 68 2.65 0.32 32 3.04 0.38 34 2.83 0.43 20
Male 2.73 0.39 112 2.78 0.39 38 2.91 0.41 139 2.77 0.43 68 3.05 0.37 216 3.04 0.44 115
d size 0.33b � � � � � � 0.90c � � � � � � 0.37a � � � � � � 0.30 � � � � � � 0.03 � � � � � � 0.48a � � � � � �
d sizes are Cohen’s d values between female and male students.

aSignificant at the 0.05 probability level.
bSignificant at the 0.01 probability level.
cSignificant at the 0.001 probability level.

FIG. 1. Pre-self-efficacy (left column) and post-self-efficacy (right column) scores of female and male students binned by temporally
proximal conceptual test score in physics 1 (top row) and physics 2 (bottom row) courses. Error bars represent standard error of
the mean.
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effect size). Importantly, at the end of this physics
sequence, female students in the high CSEM group report
similar post self-efficacy as male students in the low
CSEM group.

B. Gender differences in self-efficacy controlling for
physics course grade

In regards to research question 2 (self-efficacy by grade
level), a two-way ANOVA (where self-efficacy is the
outcome, gender and grade bin C, B, A are the factors)
revealed that the differences in male and female students’
self-efficacy were statistically significant [Fð1608Þ ¼
66.31, p < 0.001], and the effect size was large (greater
than 0.50; see Table VII and Fig. 2, top) in physics 1. There
was also a main effect of course grade [Fð2607Þ ¼ 43.06,
p < 0.001] and no interaction effect between gender and
grade [Fð2607Þ ¼ 1.65, p ¼ 0.19]. Female students had
significantly lower self-efficacy compared to their male
counterparts in all grade groups (A, B, C). Moreover, as the
top of Fig. 2 shows, female students receiving A’s have
similar self-efficacy as male students receiving C’s in
physics 1.

Similarly, the gender gap in self-efficacy controlling for
final course grade continues to persist in physics 2 with
equally large effect sizes. The ANOVA had significant
effects of gender [Fð1555Þ ¼ 52.44, p < 0.001] and
course grade [Fð2554Þ ¼ 21.32, p < 0.001], and no inter-
action [ðFð2554Þ ¼ 1:14, p ¼ 0.32]. Students who earned
higher grades reported higher self-efficacy. In other words,
the effect of gender on self-efficacy does not change based
on the course grade. Female students had much lower self-
efficacy than did male counterparts at each matched letter
grade group and the gender effect sizes are all large (greater
than 0.50). Again, women receiving A’s had similar self-
efficacy scores to men receiving C’s in physics 2 (see
Table VIII and Fig. 2).
In order to explore what fraction of the self-efficacy

gender gap was related to students’ course performance
versus students’ biased perception, we first measured
students’ raw post self-efficacy differences between female
and male students for physics 1 and physics 2, which are
0.39 (p < 0.001) and 0.40 (p < 0.001), respectively, and
which favors the male students. Next, we controlled for
students’ grade in physics 1 and physics 2 and performed
an ANCOVA with gender and grades as independent

TABLE VI. Self-efficacy scores in physics 2 binned by CSEM scores (high, medium, low) for female and male
students (M ¼ mean, SD ¼ standard deviation, N ¼ number of students), along with Cohen’s d for the gender
contrast in means.

Self-efficacy CSEM physics 2

Low Medium High

Pre Post Pre Post Pre Post

M SD N M SD N M SD N M SD N M SD N M SD N

Female 2.38 0.45 135 2.18 0.45 79 2.60 0.45 83 2.48 0.49 75 2.92 0.46 61 2.54 0.56 47
Male 2.69 0.45 137 2.56 0.47 90 2.90 0.40 182 2.77 0.45 154 3.06 0.43 200 2.96 0.47 150
d size 0.65b � � � � � � 0.74b � � � � � � 0.66b � � � � � � 0.61b � � � � � � 0.31a � � � � � � 0.78b � � � � � �
d sizes are Cohen’s d values between female and male students.

aSignificant at the 0.05 probability level.
bSignificant at the 0.001 probability level.

TABLE VII. Self-efficacy scores in physics 1 binned by course grade (A, B, C) for female and male students
M ¼ mean, SD ¼ standard deviation, N ¼ number of students), along with Cohen’s d for the gender contrast in
means.

Physics 1

C B A

Post self-efficacy M SD N M SD N M SD N

Female 2.33 0.42 86 2.59 0.45 80 2.90 0.41 31
Male 2.75 0.42 134 2.90 0.43 173 3.14 0.38 105
d size 0.89b � � � � � � 0.67b � � � � � � 0.60a � � � � � �
d sizes are Cohen’s d values between female and male students’ self-efficacy scores.

aSignificant at the 0.01 probability level.
bSignificant at the 0.001 probability level.
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variables and post self-efficacy as dependent variable. We
found that the mean value of the gender gap in self-efficacy
decreased only a small amount to 0.34 (p < 0.001)
in physics 1 and 0.38 (p < 0.001) in physics 2 courses.

In other words, a small part of the gender gap in self-efficacy
might be attributable to differences in performance, but the
gap mainly comes from biased perceptions: 87% in
physics 1 and 95% in physics 2 (see Fig. 3). Consistent with
our results discussed earlier, existing gender gap in students’
self-efficacy is largely due to students’ self-perception rather
than how they actually perform in the course. In other words,
gender gap in self-efficacy does not come from performance
differences by gender but mainly from biased beliefs about
physics among female and male students.
We also repeated the analysis with each self-efficacy

survey question. This analysis allowed us to verify that the
gender difference in self-efficacy was not dominated by
only a few aspects of self-efficacy such as test-taking or in-
class performance. Specifically, we performed a two-way
ANOVA in which the dependent variable is the student’s
score on the survey item and the independent variables are
gender (coded as 0 for female, 1 for male students) and
course grade (0 to 4) in physics 1 or physics 2. The
standardized regression coefficients for gender, denoted by
β1 in Eq. (1) are shown in Table IX. There was always a
statistically significant gender effect—male students were
more positive in their responses to all of the self-efficacy
questions than female students in both physics 1 and
physics 2 courses, even when taking into account students’
course grades. The effects were slightly smaller for the
questions about lab classes and physics research, but
generally were consistent in size across questions.

Self-efficacy survey item score

¼ β1 × gender þ β2 × gradesþ const: ð1Þ

C. Gender differences in self-efficacy across different
instructors and course types

We also explored whether gender differences in self-
efficacy exist for different instructors and teaching methods
in introductory level physics courses to determine the
generalizability of the findings of research questions

FIG. 2. Post-self-efficacy scores of female and male students
binned by course grade (A, B, C) in physics 1 (top) and physics 2
(bottom) courses. Error bars represent standard error of the mean.

TABLE VIII. Self-efficacy scores in physics 2 binned by course grade (A, B, C) for female and male students
(M ¼ mean, SD ¼ standard deviation, N ¼ number of students), along with Cohen’s d for the gender contrast in
means.

Physics 2

C B A

Post self-efficacy M SD N M SD N M SD N

Female 2.30 0.51 70 2.43 0.49 87 2.76 0.54 27
Male 2.65 0.53 133 2.87 0.43 158 3.03 0.47 81
d size 0.62b � � � � � � 0.89b � � � � � � 0.60a � � � � � �
d sizes are Cohen’s d values between female and male students’ self-efficacy scores.

aSignificant at the 0.05 probability level.
bSignificant at the 0.001 probability level.
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1 and 2. There were 9 sections in physics 1 and 11 sections
of physics 2 courses in the data set. All of the instructors
were male, but with some having several years of teaching
experience and others new to teaching. Some of these
sections were led by the same instructor, and thus not a
meaningful generality test, leading us to merge sections
within physics 1 or within physics 2 that were taught by the
same instructor. However, we did not merge sections across
courses or if they were of different formats within a course
(traditional vs flipped). As a result, we analyzed four
sections of physics 1 (three traditional sections and 1
flipped section) and four sections of physics 2 (three
traditional sections and 1 flipped section).
To formally quantify the gender effect on self-efficacy

controlling for performance across the various physics
courses, we performed a linear regression within each
section in which post self-efficacy is the dependent vari-
able, and gender and physics performance level (FCI or
CSEM as appropriate) are the independent variables [see
Eqs. (2) and (3)]. Of particular interest is the β1 estimate
(the gender effect) within each section.

Post self-efficacy in physics1

¼ β1 × gender þ β2 × FCI prescoresþ const; ð2Þ

Post self-efficacy in physics 2

¼ β1 × gender þ β2 × CSEM prescoresþ const: ð3Þ

As shown in Table X, the gender effects were sta-
tistically significant in all but one case across courses,
instructors, and formats, and that one exception case had
a similar sized β1 and a small number of students, so the
most likely explanation is low statistical power. Figure 4
plots the β1 values across sections: it is clear that the gap
in self-efficacy for female and male students did not
diminish in flipped, i.e., active engagement courses in
either physics 1 or physics 2. For example, in physics 1,
the standardized beta coefficient for gender β1 in the
flipped course (∼0.3) was similar to the β1 in the
traditional courses (between ∼0:2 − 0:4). Similarly, in
physics 2, the standardized beta coefficient for gender β1

FIG. 3. The relative contributions of performance and biased perception to the post-self-efficacy gender gap in each course.

TABLE IX. Gender effect β1 values for each self-efficacy question at pretest and post-test in physics 1 and physics 2 courses.
R indicates that the survey item was reverse coded.

Physics 1 Physics 2

Survey Item Pre Post Pre Post

1. I can complete the physics activities I get in a lab class 0.14a 0.21b 0.19c 0.19a

2. If I went to a museum, I could figure out what is being shown about physics in: 0.22c 0.27c 0.24a 0.28c

3. I am often able to help my classmates with physics in the laboratory or in recitation. 0.19c 0.23c 0.25c 0.25c

4. I get a sinking feeling when I think of trying to tackle difficult physics problems. (R) 0.24c 0.24c 0.25c 0.27c

5. If I wanted to, I could be good at doing physics research. 0.17a 0.17c 0.17a 0.18b

6. If I study, I will do well on a physics test. 0.18b 0.26c 0.24c 0.26c

aSignificant at the 0.05 probability level.
bSignificant at the 0.01 probability level.
cSignificant at the 0.001 probability level.

EMILY M. MARSHMAN et al. PHYS. REV. PHYS. EDUC. RES. 14, 020123 (2018)

020123-10



in the flipped course (∼0.3) is similar to the β1 in the
traditional courses (between ∼0:3 − 0:4). Even though
flipped instruction might improve learning and possibly
self-efficacy overall, it does not decrease this gender
effect.

IV. SUMMARY AND DISCUSSION

Extensive prior research has shown that self-efficacy in
science is an important driver of interest in science [40],
STEM career choice [69], and persistence towards those
career goals [48]. Prior research has also shown that female

TABLE X. For different instructors and class types in physics 1 and physics 2 courses, number of students (N), gender standardized
coefficient (β1), and p values are given.

Class number Section, instructor, class type N β1 values p values

Physics 1 Instructor 1 Traditional 140 0.19 0.018a

Instructor 2 Traditional 26 0.18 0.95c

Instructor 3 Traditional 25 0.42 0.017a

Instructor 4 Flipped 128 0.30 0.001a

Physics 2 Instructor 4 Traditional 112 0.34 <0.001b

Instructor 4 Flipped 286 0.29 <0.001b

Instructor 5 Traditional 96 0.35 <0.001b

Instructor 6 Traditional 101 0.29 0.003a

aSignificant at the 0.01 probability level.
bSignificant at the 0.001 probability level.
cNonsignificant result.

FIG. 4. Gender standardized coefficients (β1 values) for different instructors and class types in physics 1 (top row) and physics 2
(bottom row) courses. Darker and lighter bars represent flipped and traditional physics courses, respectively. Error bars represent
standard error of the β1 values.
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students have significantly lower self-efficacy than male
students in STEM fields [23,53], and this gap in self-efficacy
partly contributes to the underrepresentation of women in
science and engineering fields [68,69]. However, few studies
have focused on self-efficacy differences between female and
male students controlling for performance, either to remove a
natural confound or to understand how the self-efficacy gap
might vary across performance levels. Therefore, we inves-
tigated self-efficacy differences of male and female students
with equal performance levels in introductory physics
courses, which are generally recognized as gateway courses
for obtaining a physical science or engineering degree.
Our findings indicate that female students had signifi-

cantly lower self-efficacy than male students throughout a
two-semester introductory physics course sequence at
every matched performance level. Further, the gap persists
regardless of whether performance was measured through
research-validated instruments or through the performance
indicators provided to students (i.e., grades). Importantly,
the gender self-efficacy gap grew after instruction in
physics 1 and physics 2 courses, most notably within
the highest achieving student group, in both traditional and
flipped courses. The findings suggest that the self-efficacy
of female students, and especially high achieving female
students, is negatively impacted by their experiences in
introductory physics courses.
Furthermore, the gender gap in students’ post self-

efficacy is found to largely stem from students’ perceptions
in the course and the contribution from students’ actual
performance is very small. There can be several possible
reasons for students’ incorrect judgements about their
competence. Most saliently, societal stereotypes and cul-
tural beliefs about gender and STEM achievement can bias
students’ self-assessment of their competence. For instance,
female and male students’ self-confidence is likely to be
influenced by beliefs about the discipline and who can
succeed in it. Further, as noted in the background section,
women can be subject to implicit or explicit stereotype
threat in physics courses [97,98]. Negative stereotypes
about women in physics may cause women to have a
different perception of success than men when they initially
enter in a male-dominated discipline in which contributions
of “brilliant” men are overemphasized. Female students
may even assume that they have to make extra efforts to
succeed in physics relative to male students and their
achievement is not a reflection of how good they are in
physics unlike the achievements of “successful” men.
Likewise, women might undergo additional stress and
struggle to demonstrate their skills to be valued equally
as men in a classroom in which they are underrepresented.
Also, as mentioned in the introduction, some prior research
has found that teaching practices and interactions may treat
female students differently than male students. For exam-
ple, if female students are not called upon to answer
questions or not given the same type of positive feedback

as male students, this could have a negative effect on self-
efficacy. In addition, students generally compare them-
selves to others who are similar where gender can be one
determinant of being similar [24]. The thought of “there are
not many people like me” can negatively influence wom-
en’s self-efficacy and reinforce stereotypical beliefs about
women’s ability in physics. Similarly, men may portray
higher confidence in their ability regardless of how they
perform due to these biased perceptions which favor their
gender. Correll found that men assess their math compe-
tence higher than women even though they perform
similarly [68]. In this research, Correll also found that
boys were more likely to pursue careers requiring math
competence and skills at higher rates than girls, not because
they were actually better at math but rather because they
thought they were better. Describing her research on gender
differences in math, Tobias notes that “when girls succeed
at a math lesson or on a math quiz, they attribute their
success to luck; boys attribute it to their own inner ability.
When girls fail, they attribute their failure to a lack of
ability; boys attribute theirs to a lack of effort. That’s why
even girls who do well in mathematics in school do not
develop the kind of confidence males do.” [99]. This type of
dichotomy in how male and female students internalize
their successes and failures may be partly responsible for
the lower self-efficacy of women in physics courses. In
summary, these types of environmental and sociocultural
biases and gender-based beliefs about physics can have a
large impact on students’ self-beliefs in their competence
than how they actually perform in the course. Moreover, it
is possible that if female students had higher self-efficacy
about physics, they would have less anxiety about learning
physics and all of their cognitive resources while solving
physics problems would be devoted to learning, which
would have the potential to boost their performance to a
higher level than what we observed in this study.

A. Implications for the physical sciences
and engineering

The observed effect is particularly alarming because of its
large size. In a research sense, the effect can be considered
large because the Cohen’s d approached 1. In amore practical
sense, the effect can be considered large because we found
that female students with high scores on physics conceptual
surveys (or who are receiving A’s) had similar self-efficacy as
male students with only medium or low scores on physics
conceptual surveys (or are receiving B’s and C’s). Whether
this effect is framed as underconfidence among women,
overconfidence among men, or some combination (perhaps
themost likely interpretation), the practical outcome could be
the same: worse outcomes for women in STEM.
In the introductory physics course sequence, the self-

efficacy gaps may produce higher levels of anxiety during
exams, negatively impacting exam performance [100]. In
addition, self-efficacy problems have been shown to impact
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interest, and therefore high achieving female students may
begin to lose interest in engineering and physical science
due to their inaccurate assessment of their capability in
physics. Self-efficacy is also related to self-regulated
learning strategies, that is, higher self-efficacy is associated
with better self-regulated learning [44]. This decreased
interest and the lower self-efficacy may trigger female
students to devote less time to homework or studying, or
even to drop out of physics courses or decide to exit the
STEM major track altogether.
In sum, inaccurate assessments of one’s capability and/or

performance can influence interests and career goals.
Gender differences in self-efficacy, especially in fields
which have been historically male dominated, may inhibit
progress toward increasing the diversity in these fields. We
discovered alarming trends in female students’ self-efficacy
in introductory physics courseswhich are generally required
for engineering and other STEM majors—in particular,
female studentswithA grades often had similar physics self-
efficacy as male students with C grades. These self-efficacy
gaps may result in an “accumulation of disadvantage” for
women in physical science and engineering domains. In
other words, female students’ lower self-efficacy in physics
than male students may partly contribute to the underrep-
resentation of women (and even highly qualified women) in
some STEM fields. Even minor gender differences in self-
efficacy in early college experiences can add up to major
inequalities later in STEM careers [101,102].
The current research examined only physics, but similar

patterns are likely to occur in other courses for which there
are negative gender stereotypes such as difficult mathemat-
ics, engineering, computer science, and other STEM
courses. For example, research has already shown that
male students have higher self-efficacy than female stu-
dents of similar performance in mathematics [68]. Such
broader gender gaps in STEM-related self-efficacies may
result in differential educational experiences between male
and female students who major in STEM-related fields and,
ultimately, the underrepresentation of women in those
fields. Thus, it is imperative to reflect on ways to broadly
improve the environments of introductory STEM courses
for which there are negative gender stereotypes in order to
help female students reconcile their self-efficacy with their
actual performance and capability.

B. Implications for instruction

What might be causing the differences in male and
female students’ self-efficacy, or alternatively, what might
be done to reduce these differences? Since the effect grows
with instruction, features of instruction seem particularly
important to consider, both the instructional style of the
instructor and the general pedagogy used in the class. Past

research suggests that some instructors may have implicit
(or even explicit) negative gender biases [75]. Although
instructional style was not formally measured, the study
included a wide range of instructors (tenure-stream and
nontenure stream; some having won teaching awards) and
pedagogies (from very traditional lecture to including a
number of active learning strategies as part of flipped
instruction). Yet we found that the gender differences in
self-efficacy were consistent across the instructors and class
types, i.e., lecture-based and active-engagement courses.
Thus, whatever the source, the recently explored adjust-
ments to pedagogy to increase learning appear not to be
relevant to this gender gap in self-efficacy [103,104]. It may
be that messages conveyed by students to each other [25] or
the broader culture [55] may at least partly be the root cause
and thus a different kind of countermessaging is required.
Why might active learning not reduce the gender gaps in

self-efficacy? While active learning may be beneficial for
both male and female students in terms of performance
outcomes, the nature of these in-class interactions may
result in a decrease in female students’ self-efficacy. Felder
et al. [25] note that women usually play less active roles
than men in cooperative learning groups in engineering and
instead women report feeling that group work benefitted
them because there were opportunities to have the material
explained to them (i.e., reinforcing stereotypes of relative
weakness). In addition, women also report feeling that their
contributions in group work are undervalued and their
contributions in active learning situations may also be
ignored or discounted by other male students in the group
[25]. Therefore, it is important for instructors to think
carefully about how active learning is implemented and
ways to help all students benefit from it. For example,
instructors may need to frequently remind students that all
group members’ contributions are important and valuable.
In addition, cooperative learning groups can be structured
such that women outnumber men in any group containing
women—in this way, women may not feel as intimidated
by male members in the group. Investigations of the types
of pedagogies and interventions that help women accu-
rately assess their capability and performance in introduc-
tory physics courses are crucial in reducing the alarming
self-efficacy gender gaps and their detrimental effects.
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