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[This paper is part of the Focused Collection on Gender in Physics.] There is growing evidence of
persistent gender achievement gaps in university physics instruction, not only for learning physics content,
but also for developing productive attitudes and beliefs about learning physics. These gaps occur in both
traditional and interactive-engagement (IE) styles of physics instruction. We investigated one gender gap in
the area of attitudes and beliefs. This was men’s and women’s physics self-efficacy, which comprises
students’ thoughts and feelings about their capabilities to succeed as learners in physics. According to extant
research using pre- and post-course surveys, the self-efficacy of both men and women tends to be reduced
after taking traditional and IE physics courses. Moreover, self-efficacy is reduced further for women than for
men. However, it remains unclear from these studies whether this gender difference is caused by physics
instruction. It may be, for instance, that the greater reduction of women’s self-efficacy in physics merely
reflects a broader trend in university education that has little to do with physics per se. We investigated this
and other alternative causes, using an in-the-moment measurement technique called the Experience
Sampling Method (ESM). We used ESM to collect multiple samples of university students’ feelings of
self-efficacy during four types of activity for two one-week periods: (i) an introductory IE physics course,
(ii) students’ other introductory STEM courses, (iii) their non-STEM courses, and (iv) their activities outside
of school.We found that women experienced the IE physics coursewith lower self-efficacy thanmen, but for
the other three activity types, women’s self-efficacy was not reliably different from men’s. We therefore
concluded that the experience of physics instruction in the IE physics course depressed women’s self-
efficacy. Using complementary measures showing the IE physics course to be similar to others in which
gendered self-efficacy effects have been consistently observed, we further concluded that IE physics
instruction in general is likely to be detrimental to women’s self-efficacy. Consequently, there is a clear need
to redress this inequity in IE physics, and probably also in traditional instruction.
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I. INTRODUCTION

Over the last 60 years, physics has lagged behind other
science, technology, engineering, and mathematics (STEM)
disciplines in the proportion of women who pursue under-
graduate degrees. FormanySTEMdisciplines, thenumber of
women relative to men is now at or near parity. As examples,
between 2000 and 2010 women made up 50% of degree
recipients in chemistry and 41% in mathematics. However,
during this same period only 21% of bachelors degrees in
physics were received by women [1].
One reason why so few women may be pursuing

physics degrees is that the physics-learning environment
preferentially favors male students over female students.
This possibility is backed by research showing persistent
differences in how women and men experience physics, in
which women are disadvantaged. In introductory courses,

women tend to both start out and end at lower levels
of conceptual knowledge than men [2,3]. Furthermore,
women tend to have less productive attitudes about learning
physics, including interest, sense making effort, and prob-
lem solving confidence [3]. For both conceptual knowledge
and attitudes, these gender differences increase from pre- to
post-course measurement [2,3].
The gender gap in attitudes and beliefs about physics

learning also extends to self-efficacy, our subject here.
Self-efficacy is the belief in one’s ability to succeed in a
given domain [4]. It is an important predictor of academic
performance and persistence, both in general [5], and in
introductory physics courses [6,7]. Kost-Smith [7] found
that women entered introductory physics courses with
lower self-efficacy than men, and this difference increased
from pre- to post-course. Sawtelle et al. [8] obtained
the same result in lecture-based physics courses, as did
Cavallo et al. [9] and Lindstrom and Sharma [10].
While it seems fairly clear that there is a gender gap in self-

efficacy in physics, it remains an open question whether
physics instruction somehow causes this inequity. This is a
very important question and the central one of the present

Published by the American Physical Society under the terms of
the Creative Commons Attribution 3.0 License. Further distri-
bution of this work must maintain attribution to the author(s) and
the published article’s title, journal citation, and DOI.

PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 12, 020105 (2016)

2469-9896=16=12(2)=020105(16) 020105-1 Published by the American Physical Society

http://dx.doi.org/10.1103/PhysRevPhysEducRes.12.020105
http://dx.doi.org/10.1103/PhysRevPhysEducRes.12.020105
http://dx.doi.org/10.1103/PhysRevPhysEducRes.12.020105
http://dx.doi.org/10.1103/PhysRevPhysEducRes.12.020105
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


study. It may be, for instance, that the negative shift in
women’s self-efficacy that is consistently observed in phys-
ics is not unique to physics courses. Rather, this shift may be
an epiphenomenon, or secondary effect, of a broader trend
that would tend to occur in most courses, or perhaps most
STEM courses. So long as this and other broad-based causes
of the inequity (these are discussed later in this article) cannot
be ruled out, then there is no particular urgency to redress it in
physics courses. However, if gender differences in self-
efficacy could be shown to be caused by physics instruction,
then there would be an obvious need for concerted action
within the physics community to bring about more equitable
classroom experiences. The purpose of the present study is to
see whether the possibility of an epiphenomenon and other
explanations could be ruled out, thus resting the source of the
gender inequity more squarely on physics instruction.
We engaged with the question of causality by measuring

men’s and women’s feelings of self-efficacy as they were
learning in physics and in other STEM and non-STEM
courses over two weeks of instruction. The measurement
used an established quantitative technique called the
Experience Sampling Method (ESM) in which students
responded to a signal to briefly record their thoughts and
feelings of self-efficacy in the midst of their activities. We
reasoned that if women could be observed to experience
lower self-efficacy than men in physics, but not in other
courses, physics instruction would have to be seen as a
primary cause of the gender difference.
Bandura ([4], p. 3) defined self-efficacy as “beliefs in

one’s capabilities to organize and execute the courses of
action required to produce given attainments.” The term
“beliefs” in this definition is potentially confusing because
it suggests that self-efficacy is a fairly stable characteristic.
However, Bandura considered self-efficacy to be “a
dynamic fluctuating property, not a static trait” ([4], p. 406).
Furthermore, he recognized that it was highly responsive to
a person’s behavior and their environment. Therefore, self-
efficacy beliefs are sometimes better thought of as being
dynamic states. On the other hand, Bandura acknowledged
that self-efficacy was often associated with habitual
patterns of behavior [4,11]. Accordingly, self-efficacy is
sometimes measured using surveys that ask people to rate
their confidence in their ability to accomplish tasks, with
the results interpreted as being traitlike characteristics
[3,11]. Thus, a person’s self-efficacy in physics can be
said to go up or down after a semester of instruction.
To encompass both dynamic and stable aspects of

self-efficacy, hereafter we refer to (and measure) them as
two distinct components. One is the dynamic response
that may shift from moment to moment, which we call the
self-efficacy state. The second is a more stable attitude
(or belief) about one’s ability to succeed in a domain, which
we refer to as the self-efficacy trait.
So far as we can tell, our approach to measuring self-

efficacy states separately from traits is unique. Often,

researchers skirt the issue by making the sources of self-
efficacy the object of measurement, rather than self-efficacy
itself. Typically, this is done by asking people to rate
their agreement with statements about experiences they
had in the domain of interest [8,12]. Since the sources of
self-efficacy are assumed to underlie both dynamic states
and longer term patterns, there is no need to distinguish
between these aspects. In physics, the Sources of Self-
Efficacy in Science Courses-Physics (SOSESC-P) [12]
takes this approach, asking students to reflect on sources
of self-efficacy in their experiences of physics instruction.
Another instrument used in physics asks students about
their self-efficacy via their confidence in their ability to
succeed at physics tasks, obtaining a measurement of self-
efficacy beliefs, which we refer to as self-efficacy traits.
This is the Physics Self-Efficacy and Identity Survey
(PSEIS) [7]. This instrument also includes sources of
self-efficacy items from the SOSESC-P.

A. The gender gap in physics self-efficacy

Leaders in the field have pointed out that the develop-
ment of coherent attitudes and beliefs about learning and
doing science should be a core goal of physics education
[13,14]. Unfortunately, these attitudes and beliefs generally
erode over time in physics courses, even when using
research-based pedagogies that manifestly benefit learning
[3,14,15]. Furthermore, there are consistent gender
differences in which negative shifts in attitudes and beliefs
are larger for women than for men [3,15]. These differences
extend to self-efficacy. Using the PSEIS, Kost-Smith [7]
demonstrated that women had larger negative shifts than
men for both self-efficacy traits and sources of self-efficacy.
This result was reliable across four instructors and three
different offerings of a research-based introductory course
known as interactive-engagement physics. Kost-Smith also
found that there was a gender difference in conceptual
knowledge at post-test in these courses (typical for physics
instruction), and that 12% of the effect was predicted by
gender differences in self-efficacy beliefs. Sawtelle et al.
[8] used the SOSESC-P to show that students’ physics
self-efficacy became less positive across three different
semesters of lecture-based physics courses, with the
negative shift consistently larger for female students.
Corroborating evidence for a reliable gender gap in self-
efficacy beliefs in physics, at least in introductory courses,
comes from studies of general attitudes and beliefs in
physics. Most notably, Kost et al. [3] and Kost-Smith et al.
[15] found that women started interactive engagement
physics courses with less expert attitudes about learning
and doing physics than men, and these differences tended
to increase from pre- to postinstruction.
Sawtelle et al. [8] pointed out a notable exception to the

trend in negative and gendered self-efficacy outcomes in
physics. Studying a course that used modeling instruction,
they measured self-efficacy traits at the beginning and end
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of the course for three different semesters using the
SOSESC-P. They found neither positive nor negative shifts
in either men’s or women’s self-efficacy traits. Sawtelle
et al. [16] investigated the source of this salutary outcome
using video and interviews of three students engaged in
modeling activities. They showed that creating and work-
ing on models in small group settings (the primary instruc-
tional mode of the course) provided many opportunities for
self-efficacy development, such as when students received
positive feedback from their classmates and vicariously
from seeing their classmates succeed. They proposed that
these opportunities might be what differentiated modeling
instruction from other physics courses with regard to self-
efficacy outcomes.
Assuming that modeling instruction in general does

not negatively affect women’s physics self-efficacy, then
the gendered self-efficacy outcomes found in traditional
and IE physics would be more likely to be caused by
the experience of instruction in those formats and less likely
to result from a persistent, broad-based trend in university
education. However, Sawtelle and colleagues’ [8,16]
research was not intended to be conclusive about the causes
of self-efficacy outcomes in modeling instruction. Sawtelle
and colleagues’ second, more diagnostic study in particular
was not intended to explain variance but rather to reveal
processes by which self-efficacy could be supported.
Thus, direct evidence of the impact of more mainstream
(i.e., non-modeling) physics instruction on men’s and
women’s self-efficacy is needed if its gender effects are
to be squarely established.

B. Classroom environments, experiences, and gender

Much of the more general education research on
differences in how male and female students experience
STEM instruction has focused on the tenor of the classroom
set by the professor. Using interviews, Hall and Sandler
[17] found that women experienced “chilly” classrooms in
which male instructors maintained classroom inequalities
such as spending disproportionate amounts of time talking
to male students and ignoring female students’ questions.
Seymour and Hewitt [18] used interviews to show low
levels of faculty support and highly competitive environ-
ments were typically the starting point of students’ paths
out of STEM majors. They concluded that many highly
capable students, including women, were leaving STEM
disciplines because of their poor experiences and not
because of an inability to perform well in their coursework.
In physics, Mujtaba and Reiss [19] analyzed high school
students’ end-of-course surveys to show a gender differ-
ence in the level of encouragement to continue in the
discipline they felt from their teachers. This measure was
correlated with students’ intentions to take additional
physics courses in the future. Similarly, Kost et al. [20]
used a survey to show that women reported experiencing
less support in physics courses, for instance, compared to

men, women more frequently agreed with the item “I felt
like I didn’t belong in this course.”
The gender inequities just described are relevant to the

present study because they are attributed to the experience
of learning rather than within a broader gender-based
trend. However, these studies used retrospective measures,
wherein the distance from the experience of instruction
leaves open the possibility of alternative causal factors.
In particular, gender differences could arise because men
and women focus on different aspects of their experiences
in retrospection; not because they actually experienced
instruction differently. For example, Hyde et al. [21] found
that women retrospectively reported greater levels of
anxiety about mathematics than men. They inferred from
this result that women experienced higher levels of anxiety
during their mathematics courses. Goetz et al. [22] called
this interpretation into question by combining retrospective
reports with an in-the-moment measure of anxiety, which
was the Experience Sampling Method used in the present
study. Retrospective surveys found that women reported
higher levels of mathematics anxiety than men, but the
in-the-moment measure showed that women and men
experienced very similar levels of anxiety. Bieg et al. [23]
referred to this mismatch as a state-trait discrepancy. They
found that much of it was explained by students’ math-
ematics self-concept, which they described as a measure of
students’ feelings of control over their performance in the
course. They proposed that the state-trait discrepancy arose
when students with lower math self-concepts focused more
on their anxiety in retrospective reporting than did students
with higher math self-concept.

II. THEORETICAL FRAMEWORK

As we discussed earlier there are inconsistencies in how
self-efficacy is described as both dynamic and static, which
we have addressed by separating self-efficacy into states
and traits. Albert Bandura [4,24] proposed that internal
states are one of the three major classes of determinants in
human agency, along with behavior and environment.
States arise within the individual, have a complex latent
structure consisting of affect, cognition, and biological
events and are dynamically responsive to both the
perceived environment and the individual’s behavior
(see Fig. 1) [4]. In contrast, traits are the relatively stable
patterns of behaviors and internal states, including thoughts
and feelings, that habitually occur in different circum-
stances and contexts [25]. We propose thinking of traits as
representing the patterns that arise between the three major
classes of determinants: internal states, environment, and
behavior. This framework is consistent with the definitions
both of traits and of self-efficacy in that self-efficacy traits
are context and situation dependent, tend to be very stable,
and result in habitual patterns of behavior [4,11].
The development of self-efficacy traits is rooted in

experience [26]. High levels of performance support the
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development of stronger self-efficacy traits which sub-
sequently support future performance [27]. Because self-
efficacy states are a measure of experience and, to some
degree, a measure of personal performance, we expected a
similar causal reciprocal relationship to exist between self-
efficacy states and traits measured in the present study.
Therefore, self-efficacy states experienced in physics inte-
grated over time should produce physics self-efficacy traits.
Therefore, because self-efficacy traits predict student per-
formance in physics [6,7], we viewed very low self-efficacy
states experienced in physics as harmful to students’
persistence and success in physics.

III. RESEARCH QUESTIONS

The negative shift in women’s physics self-efficacy traits
measured across introductory physics instruction [7–10]
suggests that there is something about physics instruction
that is particularly harmful to women’s self-efficacy com-
pared to men’s. However, as we discussed earlier, rival
explanations that this is caused by factors outside of the
experience of instruction must be dealt with before locating
the cause within physics instruction and not elsewhere.
The main body of research to date has primarily focused on
post-course measures and/or only on physics courses, so it
has not effectively addressed these rival possibilities. In
order to address the overarching question about the cause of
the larger negative effect on women’s self-efficacy being
situated in the experience of physics instruction we asked
two principle research questions:
(1) To what extent did women experience IE physics

instruction with lower self-efficacy states than men?
(2) How did the differences betweenmen’s andwomen’s

self-efficacy states in IE physics compare to the
differences in other STEM and non-STEM courses?

IV. METHODS

A. Context

The study took place at a four-year public university
located in the northeastern part of the United States. The

university was the leading research university for the state it
served and was a PhD-granting institution in many STEM
fields.
We collected data in one interactive engagement (IE)

physics course, the focal IE physics course. Interactive
engagement promotes [28] [p. 65] “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.” IE has been used to describe courses
that use research based teaching practices [3,29,30] such
as Peer Instruction [31] and Tutorials in Introductory
Physics [32].
We collected data in an IE physics course, as opposed

to a traditional physics course, because we expected IE
instruction to be a more conservative measure of gender
differences in self-efficacy states. We based this decision on
IE instruction better supporting student conceptual learn-
ing, and because gender differences in conceptual knowl-
edge tend to be smaller after IE instruction than after
traditional physics instruction [2].
The focal IE physics course met five times in total each

week: twice for 50 min of lecture with approximately 150
students, twice for 50 min of recitation with 24 students
and once for 110 min of laboratory with 24 students. The
instructor of the course was male and had 35 years of
teaching experience. The data were collected during the
fifth year the instructor taught this course. The course was
modeled on IE physics courses described in Kost et al. [3].
Almost all lectures used several conceptual multiple
choice questions embedded throughout the lecture, i.e.,
ConcepTests [31]. Students discussed these questions
with their neighbors and the course instructor called on
students to explain their reasoning for their answers.
Students earned a small portion of their final course
grade, 3%, by participating in the ConcepTests. Three
midterm exams and one final exam were given in the
lecture portion of the course. There was a weekly home-
work assignment with a written and an online component.
Homework and tests included both conceptual and cal-
culation problems. In the two recitation sections students
spent most of their time solving conceptual problems in
small groups. One recitation per week made use of a
standard set of tutorial lessons [32]. The other recitation
used a mix of locally generated conceptual and calculation
physics problems. A graduate teaching assistant (TA)
facilitated the recitation periods and the lab. An under-
graduate learning assistant (LA) assisted the TA during
the recitation. The LA had previously completed the
course and was enrolled in a weekly seminar on pedagogy
[33]. The TA and LA were provided weekly training
on the content and pedagogy used during recitation.
This training emphasized the use of Socratic dialogue
to support students in generating their own conceptual
understanding in the activities during recitation.

FIG. 1. The three major classes of determinants according to
Social Cognitive Theory are shown on the left. The arrows
represent the reciprocal causal relationships that exist between
each of the classes. On the right, the internal state class is broken
down into the four affective states that were measured in this
study. The relationships between the self-efficacy state and each
of the complementary states are shown in the arrows.
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B. Design

The study used a within-subject design comparing
students’ self-efficacy states in the focal IE physics course,
to their self-efficacy states in other introductory STEM
courses the students were taking in the same semester (see
Fig. 2). This design enabled us to address five research
goals to provide evidence for answering the research
questions (goals 1 and 2), provide validity for that evidence
(goals 3 and 4), and generalize the findings (goal 5). The
first three goals were addressed with the state data; the last
two goals were addressed with the trait data.
For goal 1 we identified any gender differences in the

self-efficacy states students experienced during instruction
in the focal IE physics course and the size of those
differences. For goal 2 we determined the extent to which
any gender differences in self-efficacy states were unique to
the focal IE physics course or whether they also occurred in
the other courses, potentially as part of a broader trend,
by comparing self-efficacy states in the focal IE physics
course to those in other STEM courses (Fig. 2, left).
For goal 3 we determined the extent to which gender
differences in the complementary states were consistent
with gender differences in the self-efficacy states experi-
enced in the focal IE physics course.
An important feature of the design was the use of

complementary measures to provide validity for any

identified gender difference in self-efficacy states that were
measured in the focal IE physics course, goals 3 and 4. In
addressing goal 4 self-efficacy trait data were used to
validate the self-efficacy state data. The self-efficacy trait
measure complemented the self-efficacy state measure, as
shown by the dark arrow in Fig. 2, in that gender
differences in self-efficacy states experienced in the IE
physics course should show up as gender differences in the
means of, and shifts in, self-efficacy traits across the
semester. A secondary objective of goal 4 was the use
of complementary trait measures, bottom right of Fig. 2, to
support the validity of the self-efficacy trait measure by
identifying the extent to which gender differences were
consistent across all traits.
Because we studied only one semester of a single IE

physics course, we designed the research to collect evi-
dence of how well this focal course represented IE physics
courses in general, goal 5. We compared the scores and
gender differences in scores to those scores for similarly
designed courses at another institution as reported by
Kost et al. [3]. To do this, we used three different pre-
post measures relying on standard survey instruments: self-
efficacy traits [7], attitudes [34], and conceptual knowledge
[35]. A fourth comparative measure was course grades. In
Fig. 2, the latter three measures are grouped at the lower
right under the collective heading of complementary traits.

FIG. 2. Design structure of the research illustrating the five goals of the design. (1) Identify gender differences in self-efficacy states
experienced in the IE physics course, (2) identify if the gender differences in state experiences were unique to IE physics, (3) consistency
of gender differences in the focal IE physics course for self-efficacy states and the complementary states, (4) consistency between gender
differences for self-efficacy states and traits, and (5) identify how similar trait outcomes and gender differences were in the focal IE
physics course to courses studied by Kost et al. [3].
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Because of the intensive nature of the ESM, it is typical
to collect state data from a representative sample of
participants in a given context, such as a course or a
school, rather than taking data from all students. Using this
approach, we conducted ESM with 33 ESM participants
from a physics course of 242 students. By contrast, trait
data were much easier to collect and we obtained this from
a larger sample of 117 trait participants. Unfortunately,
not all 33 ESM participants were part of the 117 trait
participants (see Fig. 3). Therefore, the two overlapping
groups were used as independent samples for different
purposes. Trait participants were used to represent the
effect that the course had on students’ traits. ESM partic-
ipants were used to characterize how students experienced
instruction.

C. Participants

Out of 242 students who started the course, 222
completed the course and received grades. Of these, 40
(18%) were female (see Fig. 3). Of the 20 students who
dropped or withdrew from the course, 5 were female. Of the
117 trait participants 90 were male and 27 (23%) female.
Of the 33 ESM participants 20 were male and 13 (39%)
were female. Overall, there were 20 ESM participants
who were also trait participants, 12 male and 8 female. Two
of the female ESM participants withdrew from the course
and did not receive final course grades.
ESM participants were recruited from their IE physics

course through a brief announcement by the first author
describing the research. They were informed that the
research was investigating their experiences as college

students. All students who wished to participate in the
study were allowed to do so. Participants who completed
the ESM were given a small amount of extra credit and a
stipend of fifty USD.
We defined gender as the self-identification as either

male or female.

D. Instrumentation for trait data collection

We measured students’ self-efficacy traits in physics by
using the 20 5-point Likert-scale self-efficacy questions
from the Physics Self-Efficacy and Identity Survey devel-
oped by Kost-Smith [7]. We truncated the name to Physics
Self-Efficacy Survey (PSES) because we did not include
the identity questions or the sources of self-efficacy
questions. The PSES measures self-efficacy across four
constructs, but only the overall self-efficacy score was
used in this study. We measured students’ attitudes about
learning physics with the Colorado Learning Attitudes
about Science Survey (CLASS) [34]. The CLASS mea-
sures eight separate categories of student beliefs compiled
from student responses to 42 questions. Responses are
coded as favorable, neutral, or unfavorable based on
agreement with expert responses. Like the PSES, the
CLASS is multidimensional, having eight subconstructs
of expertlike response, but it also allows for an aggregate
score. We used only the overall favorable score in the
present study. We measured students’ conceptual knowl-
edge in the focal IE physics course with the Force and
Motion Conceptual Evaluation (FMCE) [35], a 47 question
multiple-choice exam. The FMCE was scored out of 37
points following the methods of Thornton et al. [36], using
a spreadsheet developed for that purpose [37]. We obtained
course grades for the focal IE physics course from the
instructor and analyzed them on a 4.0 scale, such that an A
was 4.0, an A- was 3.7, a Bþ was 3.3, etc. This was the
scale used at this institution and was the same scale used by
Kost et al. [3].

E. Experience Sampling Form

The data collection instrument for ESM studies is a short
survey that participants fill out when randomly signaled, or
shortly thereafter, about the activity they were engaged in at
the moment of the signal. ESM studies typically refer to
this instrument as the Experience Sampling Form (ESF).
Our ESF was modeled on those used in studies overviewed
by Hektner et al. [38]. It was the single side of one
standard-sized page split into two sections. The first section
asked four free-response questions: (1) the main and (2) the
secondary activities students were doing, (3) where they
were, and (4) what they were thinking about. For the
present study, only the first of these free-response items
was analyzed. The second portion of the survey, on the
right half of the page, consisted of 20 Likert-scale ques-
tions. Students indicated the type and level of affect at the
moment they were signaled by responding to the question,

FIG. 3. Diagram of the overlapping ESM participants and trait
participants. * Eight male and five female ESM participants were
not trait participants.
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“How did you feel in the main activity?” which was
followed by the 20 emotions. Principle components analy-
sis of all surveys confirmed that 19 of the 20 Likert-scale
items reliably loaded onto the four affect constructs as
shown in Table I.
Three of the Likert-scale questions, skill, control, and

success, formed the basis of our self-efficacy state measure.
We designed the study to include these questions because
control and capability are central attributes of self-efficacy
[4]. These feelings have also been statistically grouped
in prior ESM studies [38,44] and principle components
analysis confirmed their structure in the present study [45].
The other Likert-scale questions formed the three comple-
mentary affective states, activation, intrinsic motivation,
and stress, which are defined in Table I. Self-efficacy,
activation, and stress were measured on a unipolar scale
from none to extreme. Intrinsic motivation was measured
on a bipolar scale from extremely extrinsic to extremely
intrinsic [46].
We used the relationships between self-efficacy and each

of the complementary state measures to provide additional
validity for the self-efficacy state measure. The relationship
between self-efficacy and stress was expected to be
negative. When self-efficacy is higher, stress should be
lower because self-efficacy is a measure of personal skill
and stress arises when skill does not meet the demands of
the situation. The relationship between self-efficacy and
both activation and intrinsic motivation was expected to be
positive. People are more likely to become activated when
they feel efficacious [4] and people are also more likely to
internalize motivation for activities in which they feel
efficacious [47].

F. Procedures

ESM data were collected for two different seven-day
periods during the third week and then again in the tenth

week of the semester. These weeks were chosen so as not to
fall during an exam or other significant assessment. Signals
to fill out the ESF were sent to students’ cell phones. These
were semirandomly scheduled across each day such that
there was a signal once during each 2 h block between
8 a.m. and 10 p.m. and all signals were greater than 30 min
apart. A constraint on the schedule was that a signal was
scheduled for every physics course meeting, resulting in a
higher rate of sampling for physics than for other experi-
ences. We did this to ensure enough samples in physics for
a reliable measurement, since students spent less time there
than in the other, broader categories of experience. To
prepare participants for the first of the two data collection
periods, we gave them a 1 h briefing on the data collection
procedures.
Surveys for trait measurements were given during the

first and last week of the course. The knowledge meas-
urement (FMCE) was done during class. This was not part
of student grades but was a mandatory class activity for
students in attendance. Students took the attitude and self-
efficacy surveys (CLASS and PSES) outside of class via an
online platform as a part of weekly homework assignments.
Students received credit equal to one homework problem
for completing each survey. We obtained course grades
from the instructor after the course had ended.

G. Methods of analysis

ESM data were analyzed to compare means between
genders across all four activities for each of the four
affective constructs. To check for statistical significance,
we used a three-step process beginning with an omnibus
multivariate analysis of variance to see if a statistically
significant difference in means existed for the gender X
activity interaction. Then factorial univariate analysis
identified if statistically significant differences existed
for the gender X activity interaction on each of the affective

TABLE I. Affective state constructs, definitions and component questions with construct reliability measures and factor loadings.
Italicized questions were asked in a 7-point bipolar format. All other questions were asked in a 5-point unipolar format. Numbers in the
left hand column are: Cronbach’s alpha (percent variance explained). Parentheses in the right hand column are the rotated factor loading
for that question.

Construct Definition Components

Self-efficacy
0.76ð20.2%Þ

Dynamically responsive judgments of one’s ability
to organize and execute the courses of action required
to produce given attainments in the activity at hand.

skill(0.79), control(0.68), success(0.82),
difficulty concentrating easy to hard (−0.51),
confused to clear (0.52)

Activation
0.87ð25.6%Þ

An elevated level of excitement and involvement
in the task, consistent with Thayer [39]
and in contrast to a relaxing state [40].

determined(0.67), active(0.59), attentive(0.80),
alert(0.77), inspired(0.56), detached to
involved (0.57), concentrating (0.63)

Intrinsic motivation
0.70ð6.1%Þ

A drive to engage in the activity at hand, derived from
within, either because it is personally enjoyable
or valuable, as opposed to extrinsic motivation, which
is driven by external pressures or rewards [41,42].

free to constrained (−0.65), excited to bored
(−0.64), enjoy (0.57), importance (−0.71)

Stress
0.79ð6.6%Þ

Negative feelings resulting from an individual’s
perception that they do not have the resources to cope
with a perceived situation [43].

stress(0.83), worry(0.80), frustration(0.71)
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constructs. Last, post hoc tests were run to identify
statistically significant differences in means between males
and females for each of the four affective constructs in each
of the four activities.
The ESM data for both the third and tenth weeks of

the semester were entered into a spreadsheet database.
Principle components analysis was conducted on the raw
responses and verified the individual questions aligned
with the four expected affective constructs, summarized in
Table I. Averaging the component questions of each
construct on a 5-point, 0–4 scale created the raw score
for each construct. The data for what students were doing
were reduced to four activities: nonschool, non-STEM,
STEM, and IE physics and the two weeks of data collection
were combined. Analysis of variance confirmed that no
statistically significant differences existed for either of
these reductions. Results of these analyses are reported
in Nissen [45].
We used Cohen’s d, histograms of the raw score

responses and Z scores of the affective constructs to
interpret the size of the gender differences measured in
the focal IE physics course. The histograms allowed
comparing the distribution of students’ responses across
the scale for each affective construct. This supported
interpreting the meaningfulness of the differences, for
instance, in the case where one population never experi-
enced a very high level of a state but the other population
frequently experienced that high level.
Z scores allowed identifying how the experience in

physics was situated in students’ overall experiences in
two ways. First, they allowed showing how males’ and
females’ average experiences in physics compared to their
overall experiences, for example, bottom 20% or top 10%.
Second, they allowed seeing how often physics experiences
were above average. To create Z scores the 20 Likert-scale
affect questions were converted to Z scores for each
response based on that participant’s mean and standard
deviation for that question for that week. This conversion
minimized the effects of participants using the scales
differently by describing responses as above or below
average for that person and scaling the distance from
average in units of standard deviation for that person’s
response to that question [38]. Averaging the component
question Z scores created the Z score for each affective
construct.
Each of the four trait measures yielded a single overall

score. We compared means for these scores between male
and female students for all of the trait participants (i.e., all
of the students for whomwe had a complete set of trait data,
see Fig. 2). We assessed the effect size of any differences
between men’s and women’s mean scores on each
trait measure using Cohen’s d. To check for statistical
significance, we used a two-step process beginning with
an omnibus multivariate analysis of variance to see if
statistically significant differences in means existed for

gender. Then, factorial univariate analysis identified if
statistically significant gender differences existed on each
measure.
We used results from the trait analysis to assess the

similarity of the focal physics course to those investigated
by Kost et al. [3] by comparing means for male and female
students on each measure between the two course contexts.
In particular, we compared the effect sizes for gender
differences to see if the focal course maintained, increased,
or decreased gender differences in similar ways to other IE
physics courses [3].
Representativeness of trait participants was investigated

by comparing mean grades of trait participants to mean
grades for all other students while controlling for gender
using analysis of variance. Assessing the representativeness
of ESM participants was more challenging because we
sought to balance the number of students included in the
analysis with the number of trait measures over which we
analyzed the representativeness. First, analysis of variance
was used to compare means on all trait measures between
ESM participants and nonparticipants. However, this lim-
ited the ESM participants included in the analysis in a
biased way and the small N resulted in low statistical
power. Therefore, analysis for representativeness of the
ESM participants was accomplished by comparing means
for ESM participants and nonparticipants on each trait
measure for all students who completed that measure using
two tailed t tests.
Cohen’s d was utilized as a measure of the effect size

between male and female students for both traits and state
experiences as recommended by Rodriguez et al. [48].
Cohen [49] provided guidelines of small (0.2), medium
(0.5), and large (0.8) for interpreting effect sizes for
interventions, but cautions that these are not hard and fast
rules. Thus, we used these guidelines for interpreting effect
sizes loosely and described the differences in experience as
descriptively as possible in order to substantiate the size of
those differences.

V. RESULTS

In presenting the results we first present the state data
and then the trait data. We begin the state results by
describing how well ESM participants represented the
course population. Next, we present the results for
self-efficacy states experienced in the IE physics course
compared to other types of courses and day-to-day expe-
riences. This addresses the two research questions and
the first three design goals. We begin the trait results by
describing the representativeness of the trait participants.
Then we present the trait results to address the fourth
and fifth design goals: checking the extent to which
self-efficacy states in the focal IE physics course were
consistent with physics self-efficacy traits and assessing the
degree to which the focal IE physics course should be taken
as representative of IE physics courses in general.
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A. The representativeness of ESM participants

Differences in traits between students who participated
in the ESM and those who did not were tested by
comparing the means between ESM participants and
nonparticipants for male and female students for all
students who completed each trait measure as shown in
Table II. These comparisons showed that, first of all, both
the male and female ESM participants in the study were
high achieving students in the sense that they learned more
conceptual knowledge and had higher grades than other
students in the course. While there were no differences
in selectivity between men and women with respect to
achievement, the other trait measures suggested that men
who participated in the ESM might have had especially
robust attitudes and self-efficacy traits compared to the
other men in the course. Whereas female ESM participants
had more novicelike and more malleable attitudes, but
similar self-efficacy traits, compared to other women in the
course. These differences, or biases, provide a caveat for
generalizing gender differences in the sample to the course
population.

B. Gender differences in self-efficacy and
complementary states

The largest gender difference for self-efficacy states
occurred in the focal IE physics course where women
experienced much lower average self-efficacy (1.57) than
men (2.25). There was a much smaller gender difference
for mean self-efficacy states in other STEM courses
with women having slightly lower means (2.25) than
men (2.45). Thus, women experienced the focal IE physics

course with much lower self-efficacy than the other STEM
courses, whereas the difference was relatively small for
men. The second largest gender difference in experience
was for intrinsic motivation in the focal IE physics course.
Women experienced more extrinsic motivation (1.25) than
men (1.61). There was a much smaller gender difference in
other STEM courses with women having more extrinsic
motivation (1.47) than men (1.64). Similar to self-efficacy,
the difference between men’s motivation in the focal IE
physics course and in other STEM courses was small,
whereas women’s motivation was much more extrinsic in
the focal IE physics course. Consistent with women’s lower
mean self-efficacy states and more extrinsic-motivation
states in the focal IE physics course women also experi-
enced greater stress in physics (1.48) than men (1.30) and
lower activation (1.99) than men (2.13).
Analysis of variance was used to determine if any

statistically significant differences existed between male
and female students’ experiences. A 2X4 MANOVA with
independent variables for activity and gender and depen-
dent variables for the four affective constructs identified
statistically significant effects for gender, activity, and for
the gender X activity interaction, Table III. The statistical
significance of the gender X activity interaction indicated
that there might have been statistically significant
differences in experience for male and female students for
some of the affective constructs specific to certain activ-
ities. This was tested with univariate analysis of variance
and was statistically significant on the gender X activity
interaction for self-efficacy and activation. The analysis for
the activity condition is discussed elsewhere [45,46].

TABLE II. Representativeness of male and female ESM participants. Includes traits for ESM participants and
nonparticipants by gender for all students who completed each trait instrument.

Measure Scale

Participants Nonparticipants

d (95% CI)Mean N SD Mean N SD

Male
Pre-FMCE % 32.9 17 17.5 29.7 163 23.3 0.14 (−0.36, 0.64)
Post-FMCE % 69.1 16 26.0 63.2 145 28.7 0.20 (−0.31, 0.72)
Pre-CLASS % 72.0 19 13.4 62.0 164 16.1 0.64 (0.16, 1.11)
Post-CLASS % 64.8 16 13.8 58.3 101 17.5 0.38 (−0.15, 0.91)
Pre-PSES 1–5 3.61 19 0.41 3.43 156 0.59 0.31 (−0.17, 0.79)
Post-PSES 1–5 3.62 17 0.49 3.41 97 0.73 0.30 (−0.22, 0.81)
Course grade 0–4 3.05 20 1.11 2.31 162 1.31 0.57 (0.10, 1.04)

Female

Pre-FMCE % 22.7 13 10.3 23.4 31 18.2 −0.04 (−0.69, 0.60)
Post-FMCE % 55.6 12 27.8 48.1 28 27.5 0.27 (−0.41, 0.95)
Pre-CLASS % 55.8 13 19.4 61.8 28 16.6 −0.34 (−0.99, 0.33)
Post-CLASS % 46.5 11 14.4 58.5 22 19.0 −0.68 (−1.41, 0.08)
Pre-PSES 1–5 3.23 11 0.62 3.34 29 0.58 −0.19 (−0.88, 0.51)
Post-PSES 1–5 3.14 10 0.40 3.10 23 0.55 0.08 (−0.67, 0.82)
Course grade 0–4 3.05 11 0.74 2.34 29 1.35 0.58 (−0.13, 1.28)
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Post hoc analysis further investigated the statistical
significance of gender differences for each affective con-
struct in each activity using two tailed t tests. Only two
gender differences were statistically significant outside of
the focal IE physics course, activation in nonschool and
motivation in STEM courses, Table IV. In addition to the
large gender differences for self-efficacy states in the focal
IE physics course being statistically significant, so was the
moderately large difference for intrinsic motivation. The
small difference for activation was marginally statistically
significant and the small difference for stress was not

statistically significant. These results portray a consistent
picture of the focal IE physics course having been expe-
rienced more negatively by women, with the largest gender
difference measured for self-efficacy states. In no other
activities were there large or consistent gender differences
in experience.
Z-score transformed data illustrated the size of the differ-

ence in men’s and women’s self-efficacy states experienced
in the focal IE physics course. We accomplished this in
two steps: first, by ranking their physics experiences within
their overall experiences, and, second, by seeing how often

TABLE III. MANOVA and ANOVA results for affective state experiences.

Gender Activity Gender X Activity

F (df, error df) p F (df, error df) p F (df, error df) p

MANOVA 5.37 (4, 1429) <0.001 335 (4, 1431) <0.001 12.8 (4, 1431) <0.001

ANOVA Results
Self-efficacy 8.02 (1, 1432) 0.005 96.8 (3, 1432) <0.001 13.4 (3, 1432) <0.001
Activation 3.02 (1, 1432) 0.082 13.4 (3, 1432) <0.001 3.02 (3, 1432) 0.029
Stress 0.002 (1, 1432) 0.964 41.9 (3, 1432) <0.001 1.31 (3, 1432) 0.270
Motivation 15.0 (1, 1432) <0.001 337 (3, 1432) <0.001 2.43 (3, 1432) 0.064

FIG. 4. Students’ affective state experiences by gender and activity. States were measured on a 5-point Likert scale and ranged from 0,
not-at-all, to 4, extremely, for self-efficacy, stress, and activation. Intrinsic motivation ranged from extremely extrinsic, 0, to extremely
intrinsic, 4. Compared to men, women in IE physics experienced lower self-efficacy, more extrinsic motivation, lower activation,
and higher stress. Analysis indicated that the large gender differences for self-efficacy states were unique to the focal IE physics course.
Error bars are 1 standard error.
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their experiences in physics were above their average overall
experience, Z score ¼ 0. Women’s experiences in physics
were amongst their worst self-efficacy experiences overall,
with a rank of 21%.Men’s mean self-efficacy experiences in
physics ranked 14 points higher at 35%. Furthermore, with
the exception ofwomen’smean self-efficacy states in physics
all other mean self-efficacy states in school activities ranked
between 35% and 42%; a range half the size of the difference
betweenmen’s andwomen’s ranks in physics.Menwere also
two and a half times as likely to have above average self-
efficacy states in the focal IE physics course—28% for men
versus 11% for women. And the 17% difference in above
average self-efficacy states between men and women in
physics was much larger than the 10% range, 28%–38%, of
self-efficacy states experienced above average in all school
activities excluding women’s experiences in the focal IE
physics course.
Female students primarily experienced the IE physics

course with low self-efficacy, whereas male students
experiences tended toward high self-efficacy, Fig. 5.
Approximately 1 in 4 of women’s experiences were very
low self-efficacy, whereby women experienced little to no
control, success, or skill. Less than 10% of male students’
experiences fell into this very low self-efficacy category.
Female students had almost no experiences, 1%, of very high
self-efficacy states whereas male students had 14% of their
experiences be very high self-efficacy. These differences in

the distribution of experience provide further evidence that
women experiencedmuch lower levels of self-efficacy states
in the focal IE physics course than their male peers did.

C. Representativeness of trait participants

Male trait participants had higher mean grades
(M ¼ 2.69, SD ¼ 1.28) than male nonparticipants
(M ¼ 2.10, SD ¼ 1.28). Female trait participants had
higher mean grades (M ¼ 2.78, SD ¼ 1.26) than female
nonparticipants (M ¼ 2.05, SD ¼ 1.16). There were only
small differences between males and females within the
trait participant and nonparticipant groups. Univariate
analysis of variance with a dependent variable of course
grade and independent variables for trait participation and
gender was statistically significant for participation
Fð1; 218Þ ¼ 8.05, p ¼ 0.005 but not for gender, p ¼ 0.94,
or the gender X participation interaction, p ¼ 0.77. Similar
to Kost et al. [3], those students who completed all trait
measures and who make up the data set used to analyze
gender differences overrepresent high achieving students
and this trend was similar for male and female students.

D. Gender differences in the focal IE physics
course for trait measures

Male students started the course with slightly higher self-
efficacy traits (3.47) than female students (3.29), Table V.
Self-efficacy traits decreased for both male and female
students with a very small shift for male students to a mean
of 3.43, and a small shift for female students to a final mean
of 3.13. These shifts were small, but the larger negative
shift for women was consistent with the much worse self-
efficacy states experienced by women in the IE physics
course. The larger negative shift for self-efficacy traits for
women resulted in the gender gap increasing a small
amount from d ¼ 0.34 to d ¼ 0.47.
Consistent with the gender differences for self-efficacy

traits, male trait participants’ mean scores were higher
than females’ on the pre- and post-measures for all
other measures except for course grades. The female trait
participants had slightly higher grades than the male

TABLE IV. Gender differences in raw experience across
activities and affective constructs. Abbreviations in the first
column are affective construct (Aff), self-efficacy (SE), activation
(Act), intrinsic motivation (Mot) and stress (Str).

Aff

Female Male

d pMean SD N Mean SD N

Physics
SE 1.57 0.82 82 2.23 0.76 148 0.77 (<0.001)
Act 1.99 0.58 82 2.13 0.70 148 0.22 0.09
Mot 1.25 0.56 82 1.61 0.69 148 0.53 (<0.001)
Str 1.48 1.12 82 1.30 0.97 148 −0.18 0.22

STEM
SE 2.25 0.73 107 2.41 0.71 126 0.22 0.09
Act 1.99 0.63 107 1.97 0.69 126 −0.03 0.84
Mot 1.47 0.60 107 1.64 0.65 126 0.27 0.04
Str 0.92 0.92 107 0.95 0.87 126 0.04 0.78

Non-STEM
SE 2.36 0.89 62 2.20 0.75 99 −0.20 0.24
Act 1.77 0.67 62 1.73 0.74 99 −0.06 0.71
Mot 1.53 0.91 62 1.68 0.70 99 0.19 0.27
Str 0.85 0.99 62 0.92 0.78 99 0.08 0.64

Nonschool
SE 2.88 0.92 326 2.80 0.69 490 −0.10 0.21
Act 1.62 0.82 326 1.87 0.81 490 0.31 (<0.001)
Mot 2.76 0.77 326 2.81 0.76 490 0.07 0.30
Str 0.59 0.90 326 0.68 0.82 490 0.10 0.15

FIG. 5. Distribution of self-efficacy state experiences in IE
physics by gender.
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participants, 2.78 versus 2.68. Gender differences on all
measures except course grades were small to medium in
size, 0.20 to 0.47, favored male students, and increased
from pre- to postmeasurement.
We used a 2X7 omnibus MANOVA to identify if

there was a main effect of gender on trait measures for
the trait participants. A secondary purpose was to identify
if there were also effects for participating in the ESM and
for ESM X gender interaction that were discussed earlier.
Independent variables were student gender and participa-
tion in the ESM data. Dependent variables were course
grade and the pre- and postmeasures for the FMCE,
CLASS, and PSES. The MANOVA showed a statis-
tically significant difference for gender Fð7; 107Þ ¼ 2.85,
p ¼ 0.009. Statistically significant gender differences iden-
tified by the subsequent factorial analysis of variance are
indicated in Table V.
The results for trait measures for both overall scores and

gender differences in scores were consistent with the results
reported for other IE physics courses [3,7]. Means for the
measures were mostly very similar, d < 0.2, and there was
no consistent pattern of one course having higher means
than the other course. For women the differences greater
than 0.2 standard deviations were small for the post FMCE,
d ¼ 0.22, and moderate for both the pre-CLASS, d ¼ 0.38,
and course grades, d ¼ 0.40. With the women in the focal
course having higher grades and post FMCE scores but
lower CLASS scores. For male students the only note-
worthy difference was the small effect on the post CLASS,
d ¼ 0.27. All other differences were very small. These
results indicate mostly small and inconsistent differences

between the two courses and indicate that the students in
the courses started and ended instruction similarly.
The gender differences and shifts in gender differences

were also similar in the two courses. All of the differences
favored male students and increased from pre- to post-
instruction. While the gender differences on the PSES
were very similar between the focal and other IE courses,
those on the CLASS and FMCE had some variability.
However, this variability can be explained by relatively
small differences, on the order of one question, between
the means for men and women in the two courses.
Subsequently, we concluded that these courses had similar
populations of students and that shifts in students’ traits
from pre- to postinstruction were similar.

VI. DISCUSSION

While learning physics, women did not experience high
self-efficacy states, as men sometimes did. Instead women
frequently experienced low or very low self-efficacy states,
and, correspondingly, their self-efficacy traits were signifi-
cantly reduced from pre- to postcourse. Men, by contrast,
had very small negative shifts in their self-efficacy traits,
consistent with the higher levels of self-efficacy states that
they experienced. Furthermore, there was no other activity
in which either men or women had such low self-efficacy
states as women experienced in the focal IE physics course.
Supporting the validity of our self-efficacy measures is
the finding that the gender differences we observed were
consistent with gender differences on the complementary
measures, both state and trait. This is especially true for

TABLE V. Gender differences in trait measures for the focal IE physics course and the courses studied by Kost et al. [3,7].

Scale

Male Female

d (95% CI)Mean N SD Mean N SD

Focal IE Physics Course
Pre-FMCE % 30.0 90 23.0 25.5 27 18.0 0.20 (−0.23, 0.63)
Post-FMCE % 64.3 90 27.9 52.8 27 27.7 0.41* (−0.02, 0.84)
Pre-CLASS % 64.1 90 15.2 57.9 27 18.5 0.39** (−0.05, 0.82)
Post-CLASS % 60.8 90 17.5 52.8 27 19.4 0.44** (0.01, 0.87)
Pre-PSES 1–5 3.47 90 0.55 3.29 27 0.54 0.34 (−0.10, 0.77)
Post-PSES 1–5 3.43 90 0.69 3.13 27 0.46 0.47* (0.03, 0.90)
Course Grade 0–4 2.69 90 1.28 2.78 27 1.23 −0.07 (−0.50, 0.36)

Other IE Physics Courses

Pre-FMCE % 32.2 1566 21 22 533 16 0.51 (0.41, 0.61)
Post-FMCE % 67.3 1566 27 56.8 533 29 0.38 (0.28, 0.48)
Pre-CLASS % 65.7 1380 16 63.6 522 15 0.13 (0.03, 0.23)
Post-CLASS % 56 � � � � � � 52.3 � � � � � � � � �
Pre-PSES 1–5 � � � � � � � � � � � � � � � � � � 0.29
Post-PSES 1–5 � � � � � � � � � � � � � � � � � � 0.36
Course Grade 0–4 2.53 2715 0.99 2.41 848 0.92 0.11 (0.03, 0.19)

*p < 0.05, **p < 0.01.
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state measures, which showed that women experienced the
focal IE physics course with less activation, more extrinsic
motivation, and greater stress than men. For traits, similar
to self-efficacy, gender differences increased for conceptual
knowledge and attitudes about learning physics. Thus,
our overall conclusion is that the larger negative shift in
women’s self-efficacy traits in the physics course was
caused by the experience of instruction in which women’s
self-efficacy states were much worse than men’s.
Earlier, we brought up three alternative explanations for

the larger negative shift in women’s self-efficacy traits: that
they were the result of a broad trend across many college
courses, that they were a result of differences in experience
in marginal activities in physics learning, or that there was
no difference in experience only a difference in retrospec-
tion. Our findings demonstrate all three alternative explan-
ations had little to do with the disparate effects on women’s
self-efficacy. Most importantly, there was no indication
that the larger negative shift in women’s self-efficacy traits
was a part of a larger trend. The large gender differences in
self-efficacy states only occurred in the focal IE physics
course and did not occur in other STEM courses. Second,
while it is possible that women experience marginal
activities in physics learning differently than men, the
large differences that we measured for much more common
activities make it unlikely that marginal experiences play a
more important role than the experience of learning physics
that we measured. Last, the large gender differences in the
experience of learning physics ruled out the possibility that
the larger negative shifts were due only to differences in
retrospection.
Based on the similarity of the focal IE physics course

to other IE courses and the consistency between the large
gender differences in self-efficacy states and concurrent
larger negative shift in women’s self-efficacy traits in the
focal course, we think it is probable that similar gender
differences in self-efficacy states exist in other physics
courses using either IE or traditional instruction. This is
supported by most investigations, revealing that IE and
traditional lecture physics courses had larger negative
impacts on female students’ self-efficacy traits [7–10].
To be sure, there may have been something idiosyncratic
to the focal course that was depressing women’s self
efficacy in our study, something that would not be a
regular feature of other IE physics courses. An important
example of course idiosyncrasies are differences between
instructors, which can cause large differences in how
students experience otherwise similar courses [50].
Given that the present study focused on a single IE physics
course we cannot firmly rule out the possibility of idio-
syncrasies in that course uniquely affecting women’s
experiences. However, if idiosyncrasies uniquely affected
women’s self-efficacy states then the self-efficacy trait
outcomes for the focal course should have been more
severe than in other IE physics courses. In fact, the

self-efficacy trait outcomes for the focal IE physics course
featured in this study were similar to other IE physics
courses, suggesting that this course was representative of IE
physics instruction in general. Furthermore, the focal
course had similar conceptual learning outcomes to other
courses implementing IE pedagogies [2,3,28] and had
similar gender differences to other IE physics courses on
all four trait measures including conceptual knowledge,
self-efficacy traits, attitudes about learning physics, and
course grades [3,7].
Although our favored explanation is that the IE physics

instruction negatively impacted women’s self-efficacy, two
alternative explanations bear discussing. Both attribute the
cause of the effects to the female students rather than to
the learning environment. First, it may be that the gender
differences in state experiences were not a result of gender
per se, but rather a result of the trait factors that varied with
gender, namely, female students’ lower conceptual knowl-
edge, less expertlike attitudes, and lower self-efficacy traits
at the beginning of the course. Nissen [45] checked on this
possibility using regression analysis to determine whether
gender explained significant variance in mean self-efficacy
states when controlling for trait effects. The results were
that gender was the largest predictor of an individual’s
average self-efficacy state experiences while controlling for
traits. Thus, there was something about being a woman in
physics, over and above the measured physics traits, that
made the experience of IE physics harmful to women’s
self-efficacy. A second alternative explanation, particularly
for the large gender difference in self-efficacy states, can be
attributed to the recruitment process. It is possible that
recruiting students in their IE physics class biased the
sample by attracting female volunteers who were particu-
larly interested in having their negative experiences in
physics be understood. The recruitment process did not
indicate that the study was about students’emotions or
feelings to limit this possibility. Nevertheless, students
could easily have inferred that our study of “experiences”
would include affect, so the possibility of sample bias
cannot be ruled out. The results reported for self-efficacy
traits, however, provide some evidence that, if there was
sample bias, it was in a conservative direction. Namely,
female ESM participants had smaller negative shifts pre- to
postcourse than female non-ESM participants and women’s
low self-efficacy states were evenly distributed across a
sample of 1 in 4 women in the course who overrepresented
higher-achieving women. Thus, even if the sample were
biased, these results apply to a significant subpopulation of
women taking physics.
What is it about IE physics instruction that is harmful to

women’s self-efficacy? STEM courses naturally have many
features in common with physics in terms of physical
environment, course structure, assignment of grades, and so
on. It is the nature of instruction and subject matter that
varies most from course to course. One possibility is that
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there is something about the content in physics
that somehow makes women feel less efficacious than
does the content of other introductory courses such as
mathematics, chemistry, and engineering principles. Along
these lines Taasoobshirazi and Carr [51] suggested that
women may be disadvantaged in physics because of its
emphasis on spatial thinking, which interacts with gender
differences in spatial ability. The results of the present study
are only partially consistent with this interpretation in that
men did exhibit higher scores on conceptual knowledge
than women. However, contrary to this interpretation,
women ended the course similar to men with respect to
grades. Thus, it is not obvious that men were leveraging
their presumably higher average spatial ability very well.
Meanwhile, as reported earlier in this article Modeling
Instruction physics courses tentatively do not negatively
impact students’ self-efficacy traits or provide for differ-
ential shifts between men and women. Therefore, we think
that pedagogy likely plays a larger role than subject matter
in the observed effects within IE Physics.

VII. CONCLUSION

Here we have used the ESM to situate the experiences
of interest, self-efficacy in physics, within the breadth of
experience while minimizing the effects of retrospection.
This demonstrated how the ESM can be scaled to capture a
large collection of experiences across a broad range of
activities for a large number of participants. These features
complement and bridge the fine-grained detail that can
be achieved with case studies using interviews or video
analysis and the large-scale data that surveys provide. The
present study did not allow us to conjecture about which
aspects of physics pedagogy substantially impacted stu-
dent’s experiences, however, different designs leveraging
the strengths of the ESM in combination with other

methods can achieve this goal. For instance, a useful form
of research to identify the possible causal relationships and
mechanisms between specific aspects of instruction and
student experience would be case studies detailing the
experiences of ESM participants whose self-efficacy states
fell in either of the extremes. A second approach would be
to use a similar design to the present study, but with a larger
sample of experience, to increase the resolution of the
ESM. This would allow investigating self-efficacy states
within specific aspects of instruction, such as answering
ConcepTests in lecture, and linking these experiences to
students’ shifts in physics self-efficacy traits. Both of these
approaches would benefit from collecting data in multiple
courses and across different pedagogies.
The poor experiences, poor outcomes, and underrepre-

sentation of women in physics warrants future research
to inform addressing and resolving these issues. Many
students leave STEM and physics because of their poor
experiences and despite being fully capable of succeeding
in the material [18]. By physics instruction undermining
women’s self-efficacy traits, physics instruction is also
likely undermining women’s performance, persistence, and
selection of physics as a major. Here we have shown that
self-efficacy is important to understanding the underrep-
resentation of women in physics. Developing physics
instruction that supports positive self-efficacy states is a
starting point for instruction that supports all students in
meeting both the affective and the cognitive demands of
learning physics, especially the development of self-
efficacy traits. Such instruction is necessary for physics
to inclusively support diverse populations of students
[13,52]. Otherwise, physics is likely to continue to lag
behind other STEM disciplines in diversity, threatening its
survival as a major subject of study as it becomes an
anachronism in an ever more diverse world.
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