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Abstract

According to Bandura’s social cognitive theory, a student’s self-efficacy influences his or her academic and career decisions, and his or
her performance outcomes; as such, a student’s self-efficacy changes with time in response to the student’s experiences. Self-efficacy
may also vary by academic domain. Differences in STEM self-efficacy have often been reported between men and women. The purpose
of this study is to explore the evolution of domain-specific STEM self-efficacy in students in gateway physics and mathematics courses
and how academic feedback influences the evolution of these differences with time. Further, this study explored whether gender
differences in self-efficacy are consistent across STEM domains and how these differences change in response to academic feedback.
Self-efficacy in multiple academic domains (current mathematics/science class, other STEM classes, and intended profession) was
assessed at multiple time points with subscales adapted from the Motivated Strategies for Learning Questionnaire. Linear mixed effects
modeling was used to understand how academic feedback provided by test scores influenced changes in self-efficacy. Students in all
classes expressed different levels of self-efficacy toward different domains with the lowest self-efficacy toward their current class and the
highest toward their intended profession. Only the current math/science class self-efficacy of men and women differed significantly, with
women expressing lower self-efficacy. The differences in current class self-efficacy were evident very early in the class before substan-
tive class feedback was received. The evolution of self-efficacy within the class and between classes was the same for men and women.

Keywords Gender - STEM course self-efficacy - Impact of feedback - Introductory math and physics

Introduction influences performance decisions, and thus their performance
outcomes. These decisions and their resulting outcomes then
influence future self-efficacy (Bandura 1977, 1997; Lent et al.
1994). Bandura (1994, p. 71) defined self-efficacy as “peo-

ple’s beliefs about their capabilities to produce designated

Bandura’s social cognitive theory (SCT) (1977) and Lent,
Brown, and Hackett’s social cognitive career theory (SCCT)
(1994) are recursive theories in which a person’s self-efficacy
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levels of performance that exercise influence over events that
affect their lives” and refers to personal judgments of one’s
capabilities to organize and execute courses of action to attain
designated goals. Self-efficacy differs conceptually and psy-
chometrically from other closely related constructs, including
outcome expectations, self-concept, and self-esteem (Huang
2013; Zimmerman 2000).

Self-efficacy has been identified as one of several non-
cognitive constructs most highly correlated with academic
performance (Britner 2008; Richardson et al. 2012), and is
important in models of retention and persistence (Larson
et al. 2014; Lent et al. 1986, 1987; Sawtelle et al. 2012b). In
a review of the literature by Usher and Pajares (2008), many
studies reported differences in self-efficacy by gender and
race/ethnicity. It is believed that these differences partially
explain the underrepresentation of women in Science,
Technology, Engineering, and Mathematics (STEM)
(Cheryan et al. 2017).

While self-efficacy is one of the most studied constructs for
understanding academic performance, additional research is
still needed to fully understand Bandura’s model. Relatively
few studies have measured self-efficacy at multiple time
points, and therefore, the evolution of self-efficacy has not
been fully explored. The domain-specific nature of self-
efficacy has been explored, but the relations of self-efficacy
in multiple domains have been less well studied. Thus, the
purpose of this study is to explore the nature of self-efficacy
across multiple STEM domains and describe its development,
both generally and by gender.

We describe the results of two studies: study 1 and study 2.
Study 1 measured the self-efficacy of students in mathematics
and physics classes for the 2-year period from fall 2015 to
spring 2017 with a self-efficacy survey that was administered
mid-semester. We hypothesized that women would have con-
sistently lower self-efficacy across STEM domains. When the
results were not consistent across STEM domains, a second
study, study 2, was performed which measured self-efficacy
in the physics classes from fall 2016 to spring 2017 at two
time points: one early in the semester and one mid-semester.
The effect of feedback, operationalized as test averages, on
student self-efficacy was also investigated.

Results of Prior Studies

Self-efficacy beliefs are thought to develop and change based
on information from four sources: performance accomplish-
ment (mastery experience), vicarious learning, social persua-
sion, and physiological arousal (Bandura 1977, 1986, 1993,
1997; Betz and Hackett 1981). Mastery experiences shape
efficacy beliefs through the personal interpretation of one’s
performances on specific tasks. In general, successful task
completion increases self-efficacy beliefs, while failures lower
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such beliefs (Bandura 1997). College STEM classes provide
mastery feedback in the form of test scores and course grades;
a student’s self-efficacy is expected to evolve because of this
feedback.

Some studies have shown that mastery experiences are
more important to efficacy beliefs for men than women
(Zeldin et al. 2008) while other studies have found the oppo-
site (Britner and Pajares 2006). In a review of the literature of
the sources of self-efficacy in schools, Usher and Pajares
(2008) reported that correlations between mastery experiences
and self-efficacy in school ranged from .29 to .67 (median
correlation =.58) and that mastery experiences were the only
one of the four sources of self-efficacy that were significantly
correlated with self-efficacy in every investigation they had
reviewed. Vicarious experiences, or social comparisons, refer
to the changes in personal expectations that occur as a result of
observing others successfully perform or model similar tasks.
Zeldin and Pajares (2000) and Sawtelle et al. (2012a, b) report
that vicarious experiences and social persuasion experiences
may serve as the primary sources of efficacy beliefs for wom-
en. Social persuasion represents feedback, judgments, and
support from important others that the individual has the skills
needed to succeed. Physiological states, referred to as emo-
tional arousal by Bandura (1977), include enjoyment, anxiety,
stress, and fatigue associated with actions, can also influence
self-efficacy beliefs either positively or negatively, depending
on one’s interpretation of the state.

Self-efficacy has emerged as an important factor in aca-
demic motivation, goal setting, performance, and persis-
tence (Richardson et al. 2012). Self-efficacy plays a causal
role in the development and employment of academic com-
petencies (Schunk and Pajares 2007) and is necessary for
effectively utilizing self-regulation skills to achieve mastery
(Bandura 1986, 1993; Schunk and Pajares 2007,
Zimmerman 2000). Self-efficacy beliefs interact with self-
regulated learning processes to mediate academic achieve-
ment outcomes (Zimmerman 2000). Furthermore, “SCCT
hypothesizes that general cognitive ability (e.g., as indexed
by SAT or ACT scores) and past performance (e.g., high
school GPA) both influence college student performance
(e.g., GPA) and persistence (e.g., retention) in two ways:
directly and indirectly through the mediating paths to stu-
dent’s self-efficacy beliefs and outcome expectations”
(Brown et al. 2008, p. 299). According to Zimmerman
(2000), self-efficacy has emerged as a highly effective pre-
dictor of students’ motivation and learning, and researchers
have successfully verified its discriminant validity and con-
vergent validity in predicting such common motivational
outcomes as students’ activity choices, effort, and persis-
tence. Above-average self-efficacy in STEM is positively
related to STEM task performance, goal achievement, and
persistence in STEM majors and careers (Hutchison et al.
2006; Lent et al. 2008; Marra et al. 2009).
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Gender Differences in Domain-Specific Self-Efficacy Gender
differences in self-efficacy, the relative strength of the sources
of self-efficacy, and how self-efficacy functions in larger
models of academic performance and retention have been re-
ported almost from the introduction of the construct (Betz and
Hackett 1981). Research has generally shown that women’s
self-efficacy is lower than men’s in STEM domains, despite
higher STEM achievement (Kost et al. 2009; Larose et al.
2006; Marshman et al. 2018). Huang’s meta-analysis (2013)
provides a comprehensive summary of STEM domain-
specific results. While no overall gender difference in self-
efficacy was found, significant differences were found in
mathematics and computer science (Hedge’s g =.18) with
men reporting higher self-efficacy. Hedge’s g conventions
are similar to Cohen’s d; specifically, .20 is a small effect,
.50 is a medium effect, and .80 is a large effect. Most studies
find that men report higher levels of mathematics self-efficacy
in college; however, not all studies find significant differences
between men and women (Hall and Ponton 2005).

A substantial number of studies have investigated self-
efficacy in engineering; most report that men have higher
self-efficacy toward both success in engineering classes and
the profession than women (Besterfield-Sacre et al. 2001;
Cech et al. 2011; Hackett et al. 1992; Jagacinski 2013; Vogt
et al. 2007). Again, the higher self-efficacy of men toward
engineering is not universal with some studies finding no sig-
nificant difference in self-efficacy (Concannon and Barrow
2009, 2012; Mamaril et al. 2016).

Other research has been performed in the STEM domains
of biology, chemistry, and physics. Secondary biology stu-
dents’ self-efficacy toward multiple STEM domains was
assessed and showed no difference between boys and girls
in biology, but large differences in chemistry, mathematics,
and physics; boys reported higher self-efficacy in each (Uitto
2014). College chemistry students demonstrated gender dif-
ferences in self-efficacy toward specific chemistry tasks
(Dalgety and Coll 2006) with women reporting higher self-
efficacy on all tasks. Again, the difference was not significant
in all studies (Villafaie et al. 2014). In physics courses,
Lindstrem and Sharma (2011) reported a difference in the
self-efficacy of men and women in introductory college phys-
ics with men expressing higher levels of self-efficacy. Shaw
(2004) found significant self-efficacy differences for non-
STEM major students in a non-mathematical conceptual
physics class with men expressing higher self-efficacy, but
no significant difference in the calculus-based physics course
for STEM majors. In a study investigating high school stu-
dents, Nissen (2019) found significant differences in self-
efficacy between boys and girls in physics classes but no
differences in other science and math classes. Cavallo et al.
(2004) found that men had significantly higher self-efficacy
than women in an algebra-based physics course for life sci-
ence majors. As such, while some variation exists, men

express higher self-efficacy toward the generally male-
dominated domains of mathematics, physics, and engineering.
The differences in self-efficacy are less consistent in more
gender equitable biology and chemistry courses.

Differences in the way men and women interpret class
achievement information may partially explain these differ-
ences in self-efficacy (Marshman et al. 2018). Men interpret
their grades and performance in STEM differently than do
women (Vermeer et al. 2000), thus providing additional evi-
dence of a differing relationship of the sources of self-efficacy
(mastery experiences) by gender. Men may perceive receiving
a score of 70% on a test as evidence that they are passing and
have strong abilities in science, while women earning a score
of 80% on the same test may perceive this as evidence that
they lack science abilities (Zimmerman 2000). Thus, a “con-
fidence gap” exists between men and women despife compa-
rable, and in some cases, higher prior achievement for women
(Kost et al. 2009; Larose et al. 2006). This is particularly
important because it is hypothesized that the primary sources
of STEM self-efficacy for women include vicarious experi-
ence and social persuasion, or others’ judgments, feedback,
and support, whereas for men, personal mastery experiences
are most relevant (Sawtelle et al. 2012a, b; Zeldin et al. 2008;
Zeldin and Pajares 2000). The strength of the effect of each
source on self-efficacy also appears to vary by age and do-
main. A recent meta-analysis by Byars-Winston et al. (2017)
concluded that for college students, STEM self-efficacy be-
liefs are more stable and less influenced the four sources of
self-efficacy than are the beliefs of K-12 students.

Longitudinal Studies of Self-Efficacy While SCT is intrinsical-
ly a dynamic recursive theory where past performance influ-
ences current self-efficacy beliefs, relatively little research has
measured self-efficacy at multiple time points to investigate
the evolution of self-efficacy. Gender differences in STEM
self-efficacy at all levels of education have been extensively
studied, yet the literature on the development of differences in
STEM self-efficacy is sparse. In one such 12-year longitudinal
study of the development of self-efficacy from grades 1 to 12,
Jacobs et al. (2002) found that there was an initial gap in
mathematics self-efficacy at grade 1 with boys reporting
higher self-efficacy than girls; this gap narrowed linearly until
no gap was observed in grade 12. Dramatically different evo-
lution of self-efficacy toward language arts was observed with
no gap in grade 1, but with non-linear changes producing a
broadening gap which was maximum in grade 9 and closed
somewhat by grade 12. The language arts self-efficacy of girls
reached a relatively constant value in grade 9. Larose et al.
(2006) examined longitudinal changes in self-efficacy as stu-
dents matriculated from high school to science programs in
college and found that 70% of the students did not experience
a change in self-efficacy; however, domain- and gender-
dependent differences in the patterns of change of self-
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efficacy were detected. Caprara et al. (2011) measured the
influence of self-efficacy and personality traits on academic
performance with a multi-point measurement encompassing
junior and senior high school and found self-efficacy beliefs
exerted a stronger influence on academic performance later in
high school. Pajares and Graham (1999) examined changes in
self-efficacy across the academic year for middle-school stu-
dents and found a decrease in self-efficacy that was attribut-
able to differences in examination difficulty. Very little re-
search has examined the evolution of self-efficacy at the col-
lege level.

Theoretical Framework For this work, we employ Bandura’s
SCT and seek to understand interactions implied by the recur-
sive and multi-threaded (domain specific) features of the the-
ory. By the time students enter college science and mathemat-
ics classes, they have had extensive academic experience and
the recursive cycle of self-efficacy adjustment has been func-
tioning for many years. As such, students have general expec-
tations of their ability to perform within STEM classes, re-
ferred to as STEM self-efficacy in the current study. When
students encounter a new STEM academic experience, such as
their first college physics or calculus class, they form self-
efficacy beliefs toward the specific class, referred to as current
class self-efficacy, which according to SCT should be in-
formed by one’s STEM self-efficacy. Furthermore, students’
current class self-efficacy should evolve in response to perfor-
mance feedback received in the class; the primary feedback in
the classes studied is test scores. Finally, SCT posits that a
similar recursive model should operate within each of the
classes a student is concurrently taking, creating a multi-
stranded model with multiple current class self-efficacies
interacting with each other and an evolving STEM self-effi-
cacy. While SCT explicitly posits an evolving self-efficacy, it
provides little guidance about the form of the evolution.
Presumably, the evolution is non-linear with greater changes
the first time one accomplishes a task and lesser changes the
100th time the task is accomplished. College mathematics and
science students have been processing STEM mastery expe-
riences into their self-efficacy for over a decade; thus, it is
possible that STEM self-efficacy is no longer rapidly
changing.

Research Questions This work will present the results of two
studies. The methodology of each study is summarized in Fig. 1.

*  RQI (study 1): Does student self-efficacy vary by STEM
academic domain? If so, does the variation depend on
gender or subject?

*  RQ2 (study 1): Does current class self-efficacy and STEM
self-efficacy change over the course of two semesters of
physics classes? If so, is this change moderated by gender
or academic performance?
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*  RQ3 (study 2): Is the gender difference in current class
self-efficacy observed in Study 1 present very early in the
class?

*  RQ4 (study 2): Does current class self-efficacy change as
a result of class feedback? If so, is this change moderated
by gender?

For RQ1, we hypothesized based on the generally lower
levels of STEM self-efficacy reported for women in the liter-
ature, that women would report lower levels of self-efficacy
across all STEM domains. Because of research demonstrating
different modes of development of self-efficacy by gender, we
hypothesized for RQ2 that the change in self-efficacy between
classes would be different by gender, with the change of self-
efficacy for men more influenced by class feedback (mastery
experiences). RQ3 and RQ4 represent an exploratory analysis
which was initiated when the results of RQ1 did not support
our hypotheses; therefore, no directional hypothesis was made
for these questions.

Methods

Study 1 Sample This study was conducted from the fall 2015
to the spring 2017 semesters in introductory calculus-based
physics courses and introductory calculus courses at a large
eastern US land-grant university serving approximately
30,000 students. Students from the introductory calculus-
based mechanics course, Physics 1 (Phys 1), and introductory
calculus-based electricity and magnetism course, Physics 2
(Phys 2), were included in the study, as were students from
two Calculus 1 course sequences for STEM majors: Calculus
1 (Cal 1) and Stretch Calculus 1 (SCal 1), which combines
pre-calculus and calculus into a two-semester sequence taken
by students not academically prepared to enter the one semes-
ter Cal 1.

Data were collected in both Phys 1 and Phys 2 for the 2-
year period from the fall 2015 semester to the spring 2017
semester. This data set was analyzed both in aggregate and
by course. For the period studied, 3266 students enrolled in
the two courses of which 3083 completed the courses.
Students repeating the course or who did not take one of the
in-semester examinations were removed. Of the remaining
students, 1896 completed the self-efficacy survey; these stu-
dents form the physics data set for study 1. Overall, the stu-
dents were 77% men and 23% women; 89% were pursuing
engineering majors. Race/ethnicity data provided by the insti-
tution showed the students were 86% White, 3% African
American, 5% Asian, and 2% Hispanic; 3% of the students
reported multiple races or ethnicities. Disaggregating by
course showed Phys 1 with N = 1012 students and Phys 2 with
N =884 students. Most engineering majors are required to
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Fig. 1 Research plan. SEF self-
efficacy

Study 1

Study 2

Research Question 1

Classes: SCal 1, Cal 1, Phys 1, Phys 2

Measures: Current Class SEF, Math Classes SEF,
Science Classes SEF, Major Classes SEF,
Professional SEF

Duration: Fall 2015 to Spring 2017
Application: (Cross-Sectional) One Survey
Mid-Semester

Research Question 3
Classes: Phys 1, Phys 2
Measures: Current Class SEF
Duration: Fall 2016 to Spring 2017

Application: One Survey Early in the Semester

Research Question 2

Classes: Phys 1, Phys 2

Measures: Current Class SEF, Math Classes SEF,
Science Classes SEF, Major Classes SEF,
Professional SEF, STEM SEF, Test Ave, GPA
Duration: Fall 2015 to Spring 2017
Application: (Repeated Measures) One Survey

Research Question 4

Classes: Phys 1, Phys 2
Measures: Current Class SEF, Test Ave
Duration: Fall 2016 to Spring 2017

Application: Two Surveys: (Repeated Measures)
One Early in the Semester, One Mid-Semester

Mid-Semester in Each Class

take both Phys 1 and 2, and as such, the expected enrollment
pattern is for students to take Phys 2 the semester after Phys 1.
Many students matriculated through both courses. The two
courses were analyzed in aggregate and were also disaggre-
gated by course. To form the aggregated data set, all self-
efficacy measures and test averages were averaged over the
two courses leaving N = 1557 distinct participants. There were
a subset of students for which data was available for two
semesters allowing the investigation of the evolution of self-
efficacy with time. A total of N =339 students enrolled in
Phys 1 later enrolled in Phys 2 and completed the surveys in
both classes.

Data were also collected from calculus courses in the fall
2015, fall 2016, and spring 2017 semesters. For Cal 1, 1694
students enrolled in the course, 1499 students completed the
course with a grade, and 904 students completed the self-
efficacy survey [men (72%); engineers (74%); white (87%)].
For SCal 1, 1144 students enrolled in the class, 1079 students
completed the class with a grade, and 528 students completed
the self-efficacy survey [men (57%); engineers (49%); white
(84%)]. No students were enrolled in both calculus classes.

Study 2 Sample When the hypothesized differences in self-
efficacy by gender were not observed in preliminary analy-
ses, an additional self-efficacy instrument was administered
early in the semester in the physics classes in the fall 2016
and spring 2017 semesters. Students in the sample for study
1 who also completed these additional survey items form the
data set for study 2. Of the 911 students for sample 1 en-
rolled in the fall 2016 or spring 2017 semesters, N =815
completed the second current class self-efficacy survey
and form the data set for study 2 [men (75%); engineers
(89%); white (86%)]. As with study 1, this data set will be

analyzed in aggregate and by course [Phys 1, N=453; Phys
2, N=362]. When analyzed in aggregate, multiple instances
of the same student will be averaged producing a data set
with N =768 unique students.

Measures Because self-efficacy is domain specific (Bandura
1997; Pajares and Miller 1995), a survey was designed to
assess self-efficacy beliefs in the current physics or mathemat-
ics class (current class self-efficacy), other science classes
(science classes self-efficacy), other mathematics classes
(mathematics classes self-efficacy), classes within the stu-
dent’s major department (major classes self-efficacy), and
functioning within the student’s planned future profession
(professional self-efficacy). Each of these subscales was de-
veloped using a modified version of the “Self-Efficacy for
Learning and Performance” subscale of the Motivated
Strategies for Learning Questionnaire (MSLQ); Pintrich et al.
1991). This instrument has been extensively validated
(Pintrich et al. 1993) and widely used (Duncan and
McKeachie 2005). In a recent study exploring the latent factor
structure of the MSLQ), the self-efficacy subscale was one of
two subscales of the MSLQ demonstrating a Cronbach’s al-
pha of .90 or higher (Hilpert et al. 2013). The MSLQ measures
a general sense of student self-efficacy within a class. To
generate questions measuring self-efficacy in different do-
mains, the domain name was substituted for “class/course”
into a six-question subset of the original eight question
MSLQ self-efficacy subscale. The full original scale and the
modified scale for the physics classes is presented in Table 1.
The original question numbers are prefixed with MSL, the
modified questions with A. For example, modified item 5 is
A_Q5. Questions are numbered consistently with Pintrich
et al. (1993).
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Table 1 Physics self-efficacy scale. The original MSLQ self-efficacy subscale and its modifications for the physics domain

MSLQ MSLQ Item Adapted Revised Item

# #

MSL Q5 I believe that I will receive an excellent grade in this A Q5 I believe that I will receive an excellent grade in this physics
class. class

MSL Q6 I’m certain I can understand the most difficult material A Q6 Not used.
presented in the readings for this course.

MSL Q12 I’m confident I can understand the basic concepts A QI2 I’m confident I can understand the basic concepts taught in
taught in this course. this physics course.

MSL_Ql15 I’'m confident I can understand the most complex A_Ql5 I'm confident I can understand the most complex material
material presented by the instructor in this course. presented by the instructor in this physics course.

MSL Q20 I’'m confident I can do an excellent job on the A Q20 I’'m confident I can do an excellent job on the assignments
assignments and tests in this course. and tests in this physics course.

MSL Q21 I expect to do well in this class. A Q21 Not used.

MSL_Q29 I'm certain I can master the skills being taught in this ~A_Q29 I'm certain I can master the skills being taught in this
class. physics class.

MSL Q31 Considering the difficulty of this course, the teacher, A Q31 Considering the difficulty of this course, the teacher, and my

and my skills, I think I will do well in this class.

skills, I think I will do well in this physics class.

Responses used a 5-point Likert scale ranging from
“strongly disagree” to “strongly agree.”

The method of word substitution into the MSLQ was also
employed by Vogt et al. (2007) to investigate self-efficacy
toward engineering majors. The scale was compressed from
8 to 6 questions to shorten the final instrument as it was ad-
ministered as part of a larger package of surveys; the high
Cronbach alpha value of .93 and .94 reported in Pintrich
et al. (1993) and Hilpert et al. (2013), respectively, suggested
that a shorter scale could still provide high reliability. The
original MSL_Q6, which asked about reading assignments,
was discarded because college STEM classes require substan-
tially more from students than reading comprehension.
MSL Q21 is a shorter version of MSL Q31 and was also
removed. Finally, the self-efficacy toward their intended pro-
fession subscale did not include MSL Q12 because mastering
only the basic concepts toward one’s profession seemed un-
natural. Some slight rephrasing was performed when neces-
sary; for example, for the professional domain in MSL Q5
“excellent grade” was changed to “excellent performance re-
views.” The 35 questions were randomly ordered and com-
bined with 8 additional questions asking about career decision
making as part of a larger effort to understand retention.

The newly adapted self-efficacy questions were closely re-
lated to the original questions in the MSLQ and were therefore
closely related to questions in a highly validated and tested
instrument. The new instrument went through a three-stage
validation process during the summer 2015 semester. The pro-
cess began with 16 structured 30-min interviews with students
in the summer Phys 1 and 2 classes. Survey validation contin-
ued by administering open-response versions of the survey
questions to 36 students. Students were asked to restate the
questions and to suggest alternate phrasing. Student responses
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to the structured interviews and the open-response surveys were
then used to modify the self-efficacy assessment for each do-
main. Data were collected in fall 2015 and spring 2016 with the
modified instruments to complete the validation process.
Internal scale reliability was characterized by calculating
Cronbach’s alpha for each domain subscale and showed that
each subscale was reliable at above the minimum .70: physics
classes (.93), mathematics classes (.93), other science classes
(.92), classes in the major (.89), and the profession (.87).

In addition to the self-efficacy survey, demographic infor-
mation including gender, race/ethnicity, and college grade
point average (GPA) was collected from university records.
The student’s test scores in the physics classes were provided
by the instructor and are reported as percentages (TestAve).

Instructional Environment The physics classes were presented
with three 50-min lectures and one required 3-h laboratory
each week. Each course was taught by two instructors in mul-
tiple lecture sections each semester. The instructors made sub-
stantial efforts to include research-based pedagogical elements
in the learning experience including peer instruction with
clickers in the lecture and inquiry-based learning in the
laboratory.

There were two variants of Calculus 1: a traditional one-
semester course (Cal 1) and an equivalent stretch two-
semester course (SCal 1) for students not academically pre-
pared to take Cal 1. Cal 1 met for three 50-min lectures and
two 75-min recitations sessions each week, while SCal 1 met
for three 50-min lectures and one 50-min recitation session
each week. Both classes were taught by multiple instructors
who employed a variety of research-based pedagogies includ-
ing group learning and problem-based instruction to develop
strong conceptual understanding.
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Analysis Methods All research questions were investigated
with linear mixed effects (Ime) modeling. Students were treat-
ed as random effects to control for within-subject correlation.
Linear mixed-effect models compensate for the imbalanced
sample size caused by the underrepresentation of women in
physics and mathematics classes. To account for clustering
within courses, all analyses were repeated disaggregating the
students by course. All statistical analysis was performed with
the “R” software package. The “lme4” package (Bates et al.
2014) was employed for linear mixed effects modeling.

Study 1 Results

Study 1 measured the self-efficacy of mathematics and
physics students toward multiple STEM domains for the
2-year period from fall 2015 to spring 2017. Descriptive
statistics for the four courses are presented in Table 2 and
disaggregated by gender in Table 3. The correlation matrix
for the physics courses aggregating the two courses (Phys 1
and Phys 2) is presented in Table 4. Mean scores were high
across all domains, but professional self-efficacy was con-
sistently higher than the other domains. As expected, the
correlations between the various types of self-efficacy were
also high.

RQI: Does student self-efficacy vary by STEM academ-
ic domain? If so, does the variation depend on gender or
subject? Differences of self-efficacy in the physics classes
by domain were investigated using linear mixed effects
modeling (Ime). This analysis was performed aggregating
Phys 1 and Phys 2. Self-efficacy by domain was converted
to a percent of maximum possible (POMP) scale, thus
projecting the [1, 5] range of the Likert scale onto the [0,
100] range to allow its interpretation as a percent change.
The Ime model is shown in Egs. 1 and 2. The overall self-
efficacy of student i in domain j (SelfEfficacy,) is the de-
pendent variable. The independent variables are dummy-
coded variables representing the domain: math class self-
efficacy (MC), science class self-efficacy (SC), major class
self-efficacy (MJ), and professional self-efficacy (PR). For
example, MC; is one if the domain is other math classes

and zero otherwise. The physics class self-efficacy was
used as the reference level.

SelefﬁcacyU = ﬁol‘ + ﬁl X MC/ + 52 X SCJ + 63

XMJj+ﬂ4><PRj+€i/’ (1)

Boi = Yo + Ui (2)

Correlations resulting from multiple measures of the same
student were modeled with a random intercept, (3y;. Equation 2
models this intercept with an overall mean, -y, and a random
effect for each student, u,;. The residual errors are assumed to
be normally distributed, £;,~N(0, o), as are the student random
effects, u,~N(0, 7). A Ime model including domain significant-
ly improved goodness of fit over the model including only the
intercept using a likelihood ratio test [x*(4) = 1013, p <.001].
The full set of regression coefficients with confidence inter-
vals as well as the variance of the error and the random effects
is reported in Table 5. Equation 2 will be used to model the
random intercepts in all models in this work.

Post hoc analysis using paired ¢ tests with a Bonferroni
correction showed current class self-efficacy was significantly
different than all other domains (ps <.001) with effect sizes
from d =.32 to d =.57. Professional self-efficacy was also
significantly different from all other domains (ps <.001) with
effect sizes from d =.20 to d =.57. There was no statistically
significant difference between science class self-efficacy,
mathematics class self-efficacy, and major class self-efficacy.
As such, students do not strongly differentiate their self-
efficacy expectations toward other STEM classes. Because
of the similarity between these variables and their high corre-
lation (r =.79 to .86), science class self-efficacy, mathematics
class self-efficacy, and major class self-efficacy were aver-
aged to form a general STEM self-efficacy (STEM self-
efficacy).

This analysis was repeated in the aggregated mathematics
courses with similar results. The model including domain (Eq.
1) significantly improved goodness of fit over the model in-
cluding only the intercept using a likelihood ratio test [x*(4) =
493.37, p <.001]. The results of this analysis are reported in
Table 6.

Table 2 Domain-specific self-

efficacy. Self-efficacy was mea- Course Number  Current class ~ Science class ~ Mathematics ~ Major class Professional

sured on a 5-point Likert scale. self-efficacy self-efficacy class self- self-efficacy  self-efficacy

Calculus 1 is a traditional single (M +SD) (M +SD) efficacy (M +SD) (M +8SD)

semester calculus course. S. (M +SD)

Calculus 1 is the two-semester

stretch Calculus 1 S.Calculus 1 528 3.76 + .80 3.90 £ .70 3.88 £ .68 3.94 £ .67 4.08 + .64
Calculus 1 904 3.66 +.79 3.90 +.71 3.92 + .64 391 + .64 3.99 + .62
Physics 1 1012 3.81 +.85 4.05 + .69 4.09 +.70 4.09 + .67 425+ .62
Physics 2 884 391 +.79 412 + .67 419 + .67 417 £ .63 4.26 + .61
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Table 3 Domain-specific self-

efficacy for men and women. Course Number  Current class ~ Scienceclass  Mathematics ~ Major class ~ Professional

Self-efficacy was measured on a self-efficacy self-efficacy  class self- self-efficacy  self-efficacy

5-point Likert scale. Calculus 1 is (M £ SD) (M +£SD) efficacy (M £SD) (M +£SD)

a traditional single semester cal- (M +SD)

culus course. S. Calculus 1 is the

two-semester stretch Cal 1 Men
S. Calculus 1~ 304 3.88 .75 3.93 + .68 3.94 + .66 3.94 + .67 4.06 £ .66
Calculus 1 657 3.71 £.76 3.90 +.71 3.93 + .65 3.93 + .65 3.98 + .63
Physics 1 749 3.90 + .80 4.07 £ .68 4.09 +£.70 4.12 + .66 425+ .62
Physics 2 706 3.94 £.78 4.12 £ .66 420 + .66 4.19 + .62 4.27 + .61

Women

S. Calculus 1~ 224 3.60 £ .84 3.86 +.74 3.80 + .71 3.95 + .68 4.09 + .63
Calculus 1 247 3.55+ .85 3.90 +£.70 3.89 £ .62 3.85+ .63 4.00 + .57
Physics 1 263 3.56 £.92 4.01+.73 4.07 £.71 4.03 £.70 423 +£.63
Physics 2 178 3.78 = .81 4.09 £ .69 418 £.70 4.11 + .66 425+ .63

Post hoc analysis with a Bonferroni correction showed that
current class self-efficacy was significantly different from all
other domains (ps <.001) with effect sizes from d =.27 to
d = .45. Professional self-efficacy was also significantly dif-
ferent from all other domains [current class self-efficacy,
p <.001, d =.45, science class self-efficacy, p <.001,
d =.18; mathematics class self-efficacy, p <.001, d =.18;
major class self-efficacy, p =.001, d =.15]. There were no
significant differences between science class self-efficacy,
mathematics class self-efficacy, and major class self-efficacy.

Within the physics courses, the role of domain and gender
was investigated for current class self-efficacy, STEM self-effi-
cacy, and professional self-efficacy using Ime modeling to fit the
model shown in Eq. 3 where Gen; is zero for women and one for
men, PR; is one if the domain is professional self-efficacy, and
CG;is one if the domain is current class self-efficacy. STEM self-
efficacy was used as the reference level. Equation 3 presents the
final model after non-significant interactions were removed. The
full regression results are reported in Table 7.

SelefﬁcaCYy = B()i + ﬁl X CCJ + 52 X PRJ + ﬁ3
x Gen; 4 B4 x CC; x Gen; + 35 X PR;

x Gen; + ¢

(3)

Table 4 Correlation matrix for aggregated physics classes. All ps
<.001. Current class refers to the current physics class

1 2 3 4 5
1. Current class self-efficacy -
2. Science class self-efficacy .70 -
3. Math class self-efficacy .59 .82 -
4. Major class self-efficacy .65 .86 .81 -
5. Professional self-efficacy .56 79 714 .82 -

This analysis was performed aggregating Phys 1 and Phys
2. Current class self-efficacy was converted to a POMP scale
thus projecting the [1, 5] range of the Likert scale onto the [0,
100] range to allow its interpretation as a percent change. A
Ime model including domain but not gender significantly im-
proved goodness of fit over the model including only the
intercept using a likelihood ratio test [x*(2) =768, p <.001].
Professional self-efficacy was significantly higher than STEM
self-efficacy [B =3.41, SE=.36; #3114)=9.56, p <.001],
and current class self-efficacy was significantly lower than
STEM self-efficacy [B =—6.92, SE =.36; #(3114)=19.4,
p <.001]. The full model that included both domain and gen-
der significantly improved goodness of fit over the model
without gender [x*(3)=88.3, p <.001]. Both current class
self-efficacy [B =—11.4, SE=.73; #(3114)=15.6 p <.001]
and professional self-efficacy [B =4.07, SE =.73; t(3114) =

Table 5 Linear mixed effect model for Eq. 1 in the aggregated physics
classes. Dependent variable self-efficacy with dummy-coded domain-in-
dependent variables. Current physics class self-efficacy was used as the
reference level

Predictors Estimates CI P
Intercept 70.72 69.87-71.57 <.001
Math class self-efficacy 7.56 6.93-8.20 < .001
Science class self-efficacy 6.01 5.37-6.65 < .001
Major class self-efficacy 7.20 6.56-7.83 < .001
Professional self-efficacy 10.33 9.69-10.97 < .001
Random effects

o 82.64

7 211.87

ICC 72

Nyupj 1557
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Table 6 Linear mixed effect model for Eq. 1 in the aggregated math
classes. Dependent variable self-efficacy with dummy-coded domain in-
dependent variables. Current math class self-efficacy was used as the
reference level

Predictors Estimates CI P
Intercept 67.46 66.55-68.38 <.001
Math class self-efficacy 5.16 4.45-5.87 < .001
Science class self-efficacy 5.04 4.33-5.76 < .001
Major class self-efficacy 5.55 4.84-6.27 <.001
Professional self-efficacy 8.03 7.32-8.75 <.001
Random effects

o 95.17

7 205.58

ICC .68

Noubj 1365

5.56, p <.001] were significantly different than STEM self-
efficacy. The gender-by-current-class-self-efficacy interaction
was also significant with men having higher current class self-
efficacy than women [B =5.85, SE=.84; #(3114)="7.01,
p <.001]. The main effect of gender and the gender-by-
professional-self-efficacy interactions were not significant.
Post hoc analysis with a Bonferroni correction showed there
was no significant difference between the self-efficacy of men
and women except for current class self-efficacy [#(547) =
5.85, p <.001, d =.37]. Similar results were obtained when
the models were fit separately for the individual courses.

An analysis of both domain and gender in the aggregated
mathematics courses yielded similar results. The model in-
cluding domain and gender was a significant improvement
over the model including only domain [x? (3)=61.9,
p <.001]. Current class self-efficacy was significantly lower
than STEM self-efficacy [B =—7.58, SE =.61; #(2928) =
12.4, p <.001], and professional self-efficacy was significant-
ly higher than STEM self-efficacy [B =4.25, SE=.61;

#2928)=6.96, p <.001]. The main effect of gender was not
significant. However, the gender-by-current-class-self-effica-
cy interaction was significant with men expressing higher cur-
rent class self-efficacy than women [B =3.48, SE =.75;
#2928)=4.66, p <.001], but unlike in the physics classes,
the gender-by-professional-self-efficacy interaction was sig-
nificant with women expressing higher professional self-
efficacy than men [B =—2.20, SE=.75; #2928)=2.95,
p =.003]. The full regression results are shown in Table 8.

Post hoc analysis with a Bonferroni correction showed
there was no significant difference between the self-efficacy
of men and women except in current class self-efficacy
[#(852)=4.08, p <.001, d = .24]. Similar results were obtained
disaggregating by course except that the gender-by-
professional-self-efficacy interaction was not significant in
Cal 1.

Summary

The progression of self-efficacy was the same in all courses
with lowest self-efficacy in the current class, similar and
higher self-efficacy toward other mathematics and science
courses and courses in the major, and highest self-efficacy
toward their intended profession. For students in all classes
measured, general STEM self-efficacy was the same for men
and women, while women expressed lower self-efficacy to-
ward the mathematics or science class they were currently
taking than men.

RQ2: Does current class self-efficacy and STEM self-
efficacy change over the course of two semesters of physics
classes? If so, is this change moderated by gender or academ-
ic performance? Table 9 presents the mean self-efficacy for
students who matriculated through both physics courses. Self-
efficacy changed little between the two courses. Pairwise ¢
tests with a Bonferroni correction showed no significant dif-
ferences between courses for any domain for men. For wom-
en, the increase in current class self-efficacy [#80)=2.91,

Table 7 Linear mixed effect

model for Eq. 3 in the aggregated ~ Predictors Estimates CI p
physics classes. Dependent
variable self-efficacy with Intercept 76.42 74.65-78.19 <.001
dummy-coded domain-indepen- Gender 1.60 —.42-3.61 121
dent variables and gender. STEM ot class selfeefficacy —11.42 ~12.86- —9.99 < .001
self-efficacy was used as the ref- .
erence level Professional self-efficacy 4.07 2.64-5.51 < .001
Current class self-efficacy x gender 5.85 4.22-7.49 < .001
Professional self-efficacy x gender -0.86 —-2.50— .78 302
Random effects
s 96.65
7 196.74
ICC .67
]vsubj 1557
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Table 8 Linear mixed effect model for Eq. 3 in the aggregated math
classes. Dependent variable self-efficacy with dummy-coded domain-in-
dependent variables and gender. STEM self-efficacy was used as the
reference level

Predictors Estimates CI P
Intercept 71.88 70.31-73.44 < .001
Gender 1.23 —.68-3.15 206
Current class self-efficacy —7.58 -8.78—6.39 < .001
Professional self-efficacy 4.25 3.05-545 <.001
Current class self-efficacy x gender 3.48 2.01-4.94 < .001
Professional self-efficacy x gender —2.20 -3.66—.73 .003

Random effects

o’ 87.84
7 202.97
ICC 70
N 1365

p =.023, d = .33] was significant where a Bonferroni correc-
tion has been applied.

This question was further investigated with a Ime model
using the two time-separated measurements of self-efficacy as
a within-subject measurement. The full model is shown in Eq.
4. The current class self-efficacy (CCSE;) of student i at time j
was measured on a POMP scale. Current class self-efficacy
was not normalized because the means at two time points were
being compared.

CCSEU = ,60,' + 61 X Tlmej + 62 X Genj + ﬂ}

x TestAve; + € 4)

The model including time (Phys 1, Phys 2) was a signifi-
cant improvement over the model including only the intercept
indicating that current class self-efficacy did change with time
[x*(1)=4.64, p =.031]. Time was coded with Phys 1 as 0,
Phys 2 as 1 and had regression coefficient [B =2.26, SE=
1.05; #(339) =2.16, p = .031]; a student’s average self-efficacy
increased 2% when matriculating from Phys 1 to Phys 2. A

model including time and gender was a significant improve-
ment over the model including time alone [x*(2)=9.72,
p =.008]. In this model, there was a significant main effect
of gender [B =7.19, SE=2.40; #548)=2.99, p =.003], a
significant main effect of time [B = 6.53, SE=2.12; #(339) =
3.08, p =.002], and a significant time-by-gender interaction
with women with higher current class self-efficacy in Phys 2
[B =—5.61, SE=2.43; #339)=2.31, p =.022]. To explore
the effect of student performance on students’ longitudinal
self-efficacy, test average was added to the model. For this
analysis, test averages were normalized separately for each
course to eliminate the overall effect of a small difference in
test average between the courses. A saturated model including
time, gender, and TestAve and all interactions significantly
improved on the model without TestAve [yx*(4) =209,
p <.001]. Removing interactions that were not significant
did not significantly change model fit. The final model dem-
onstrated significant main effects of gender [B =5.66, SE=
1.74; 1(339)=3.26, p =.001], time [B =2.26, SE=.91;
1(339)=2.47, p =.014], and TestAve [B =10.3, SE =.65;
#(634)=15.8, p <.001]. There were no significant interac-
tions. The full regression results are shown in Table 10. As
such, current class self-efficacy increased 2.26% for students
successfully matriculating from Physl to Phys 2 correcting for
test average; this change was the same for both men and
women.

The change in STEM self-efficacy with time was also in-
vestigated between Phys 1 and Phys 2. This variable was
expected to be related to more general measures of academic
performance such as cumulative college GPA and was expect-
ed to be more stable than domain-specific self-efficacy; col-
lege GPA (CGPA) was not normalized because two time
points were being compared. A Ime model with STEM self-
efficacy (STEMSE) as the dependent variable showed that this
was the case (Eq. 5): STEM self-efficacy was a very stable
construct through Phys 1 and Phys 2.

STEMSEU - ,60,' + Bl X Tlme] + ﬁZ X Geni + 63

Table 9 Students matriculating

through both Physics 1 and Course Number  Current class ~ Science class ~ Mathematics ~ Major class Professional
Physics 2. Self-efficacy was self-efficacy self-efficacy class self- self-efficacy self-efficacy
measured on a 5-point Likert (M +SD) (M +SD) efficacy (M = SD) (M £ SD)
scale (M £ SD)
Men
Physics 1~ 258 4.00 + .75 4.14 + .65 4.11 + .67 4.19 + .60 432 +.56
Physics 2 4.04 + .73 4.14 + .65 420 + .63 4.22 + .58 428 +.57
Women
Physics 1 81 371+ 91 413 +.71 412 + .71 4.14 + .64 431 +.59
Physics 2 3.97 + .68 4.19 + .64 422 + .68 4.11 + .67 4.34 + .56
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Table 10  Linear mixed effect model for Eq. 4 examining longitudinal
changes between physics classes. The dependent variable is current class
self-efficacy with independent variables gender (women =0, men = 0),
time (Phys 1 =0, Phys 2 =1), and test average

Predictors Estimates CI P
Intercept 68.96 65.86-72.06 <.001
Time 2.26 47-4.05 013
Gender 5.66 2.26-9.07 .001
Test average 10.29 9.01-11.57 <.001
Random effects

o 141.65

7 114.62

j(¢(® 45

Noubj 339

There was no significant effect of class, college GPA, nor
was there a significant interaction. As such, while a student’s
current class self-efficacy changes as a result of class perfor-
mance feedback (RQ4) and increases between physics classes,
STEM self-efficacy appears not to evolve with time even
when correcting for overall academic performance measured
by college GPA.

Summary

Overall, the student’s self-efficacy toward his or her current
physics class increased somewhat as he or she matriculated
from Phys 1 to Phys 2; however, self-efficacy toward STEM
classes in general did not change over the same time period.
Neither the change in current class self-efficacy or STEM self-
efficacy was moderated by gender or academic performance.

Study 2 Results

The pattern of gender differences in self-efficacy measured in
study 1 was not expected. The hypothesized lower self-
efficacy of women toward STEM domains was only observed
in their current mathematics or physics class; men and women
reported equal self-efficacy toward other STEM domains.
While research into STEM self-efficacy has shown mixed
results for the differences in the self-efficacy of men and wom-
en, we expected the differences to be fairly consistent across
the closely related STEM domains of mathematics, physics,
and engineering (major classes). To further explore the unex-
pected differences between current class self-efficacy and self-
efficacy in other domains, a second survey measuring current
class self-efficacy was administered early in the semester in
the fall 2016 and spring 2017 physics courses before substan-
tive feedback had been provided to the students. This provided

a measurement of current class self-efficacy at two time
points: #; early in the semester and #, in the middle of the
semester after the second test.

RQ3: Is the gender difference in current class self-efficacy
observed in study I present very early in the class? Early in
the semester, a significant gap in current class self-efficacy (#,)
was already present between men and women [men (N =581),
M= 4.10, SD=.65; women (N =187), M =3.74, SD=.79;
t(271)=5.61, p <.001, d =.52]. The .36 gap early in the
semester closed somewhat by the second measurement of cur-
rent class self-efficacy () to the .27 gap observed mid-semes-
ter. The mid-semester difference of current class self-efficacy
(t,) was also significant [men (N =581), M= 4.03, SD =.74;
women (N =187), M=3.76, SD =.82; #(290) =4.00, p < .001,
d = .35]. These results are reported using the original 5-point
Likert scale. The self-efficacy survey given early in the semes-
ter was administered before the students received any substan-
tive feedback in the form of homework, quiz, or test grades; as
such, the differences in the current class self-efficacy of men
and women observed in study 1 do not result from the effect of
feedback from the current course.

RQ4: Does current class self-efficacy change as a result of
class feedback? If so, is this change moderated by gender?
The time evolution of current class self-efficacy in the physics
courses was investigated with Ime models. The current class
self-efficacy (CCSEy)) of student i at time j was modeled using
Eq. 6. This is the final model after non-significant interactions
have been removed.

CCSEU = ﬂOi + 61 X Timej + 62 X Gell,' + 63

x TestAve; + 3, x TestAve; x Time; +¢;  (6)

Aggregating the two physics courses, a Ime model treating
students as random effects and including the observations of
current class self-efficacy at two time points did not improve
model fit over a model with only the intercept. Current class
self-efficacy was measured on a POMP scale, and TestAve
was normalized. Time was coded with early in the semester as
zero (t,), mid-semester as one (z,). Test average was only
available at #,. Current class self-efficacy was not normalized
because two time points were being compared. The main ef-
fect of time was not significant: on average, current class self-
efficacy changed little within the physics classes. A model that
included both time and gender was a significant improvement
over a model including only time [x*(2) = 36.3, p <.001] with
gender as a significant main effect [B =8.97, SE=1.53;
#(1209)=5.87, p <.001]. Neither time nor the gender-by-
time interaction was significant. A model including TestAve,
time, and gender was a significant improvement over the mod-
el including only time and gender. The saturated model in-
cluding all interactions significantly improved model fit over
the model with only time and gender [x*(4) =238, p <.001].
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Removing terms where the regression coefficients were not
significant yielded a model that was not significantly different
than the saturated model. The final model included a signifi-
cant main effect of gender [B =7.34, SE=1.21; #(768) = 6.05,
p <.001] and a significant main effect of TestAve [B =3.55,
SE =.60; #(1234)=5.89, p <.001]. The main effect of time
was not significant. There was a significant time-by-TestAve
interaction [B =5.98, SE=.61; #(768)=9.88, p <.001] inter-
action. The time-by-gender, gender-by-TestAve, and the
three-way interaction between gender, time, and TestAve
were not significant; TestAve had an equal effect on self-
efficacy for men and women. The final model is summarized
in Fig. 2 and the regression results in Table 11. The main
effect of TestAve captures the general relation of class perfor-
mance and current class self-efficacy. The time-by-TestAve
interaction captures the effect of TestAve on the change in
current class self-efficacy with time. While significant, the
modification of current class self-efficacy due to class feed-
back, measured by test average, is practically small. A one
standard-deviation increase in TestAve only produced a
5.98-point increase in current class self-efficacy on a 100-
point scale.

The final model was also fit for the individual courses. The
results were fairly similar except for the time-by-gender inter-
action. In Phys 1, the time-by-gender interaction was not a
significant while in Phys 2, the time-by-gender interaction
was significant [B =—5.22, SE=1.97; #(362)=2.64,
p =.008].

Summary

Current class self-efficacy did change during a physics class,
and this change was moderated by the student’s test average.
The change was moderated by gender in Phys 2 but not Phys

Table 11 Linear mixed effect model for Eq. 6 examining changes of
self-efficacy within physics classes. The dependent variable is current
class self-efficacy with independent variables gender (women =0, men =
0), time (early in class = 0, mid-semester = 1), and test average

Predictors Estimates CI p
Intercept 69.72 67.57-71.87 <.001
Time -1.05 —224-14 .083
Gender 7.34 4.97-9.72 <.001
Test average 3.55 2.37-4.73 <.001
Time X test average 5.98 4.80-7.17 <.001
Random effects

o 140.76

7 137.56

ICC 49

Nsubj 768
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1. This resulted in a small narrowing of the gender differences
in current class self-efficacy by mid-semester in Phys 2. The
gender-by-time-by-TestAve interaction was not significant
suggesting that men and women process performance feed-
back in the form of test scores into their current class self-
efficacy equally.

Discussion

The current study explored self-efficacy in multiple STEM
domains concurrently. Students’ self-efficacy beliefs were dif-
ferent by academic STEM domain supporting the previous
literature that showed that self-efficacy beliefs are multidi-
mensional (Zimmerman 2000). In both physics and mathe-
matics courses, student self-efficacy was the lowest toward
the current class and the highest toward the students’ intended
profession while self-efficacy toward other science classes,
other mathematics classes, and classes in their major were
similar, demonstrating that STEM self-efficacy differed by
some, but not all, domains. General STEM self-efficacy (the
average of science class self-efficacy, mathematics class self-
efficacy, and majors class self-efficacy) was also different
from self-efficacy toward the current class and the intended
profession. These results suggest that students have at mini-
mum three tiers of STEM self-efficacy: self-efficacy toward
their current STEM class, a general STEM self-efficacy, and
self-efficacy toward their intended STEM profession.

Previous research has shown that women tend to report
lower levels of self-efficacy in specific academic STEM do-
mains (Huang 2013; Kost et al. 2009; Marshman et al. 2018).
This was only partially supported by this study. There was a
significant difference in self-efficacy toward the current math-
ematics or physics class in which the student was enrolled,;
however, men and women expressed similar STEM self-
efficacy and professional self-efficacy. This observation
serves to explain the inconsistencies reported in differences
in self-efficacy between men and women; different results
would be obtained if the students were asked about STEM
classes in general or a class in which they were currently
enrolled. This observation also supports the need to ask ques-
tions about specific domains or tasks when investigating self-
efficacy. This work partially supports to findings of Nissen
(2019) who reported a difference in self-efficacy between
boys and girls in high school physics, but no difference in
mathematics. In college calculus classes, we also find differ-
ences in self-efficacy.

Self-Efficacy and Time STEM self-efficacy did not change
significantly between Phys 1 and 2, nor did it change in re-
sponse to academic feedback in the form of cumulative col-
lege GPA. Because STEM self-efficacy did not evolve with
either time or academic performance, it can be viewed as a
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Fig. 2 Optimal model for the
evolution of current class self-
efficacy within a class. *p <.05;
**p<.01; ¥**¥*p <.001. SEF self-
efficacy

Current Class
SEF(7))

TestAve
3.55%%*
5.08%**
R Current Class
-1.05 SEF(z,)
7.34%4%
GenderM

somewhat stable variable that can affect current class self-
efficacy but which is little affected by changes in current class
self-efficacy. STEM self-efficacy appears to be a stable con-
struct in the early college years after the students have matric-
ulated through Cal 1 (Phys 1 has Cal 1 as a prerequisite). This
was consistent with research showing college students have
more stable self-efficacy than high school students (Byars-
Winston et al. 2017). The stability of STEM self-efficacy with
time was consistent with previous research showing that for
70% of students, self-efficacy does not change in the transition
from high school to college (Larose et al. 2006). It was also
consistent with the saturation of language arts self-efficacy in
high school observed by Jacobs et al. (2002), but inconsistent
with the continued increase in mathematics self-efficacy in the
same study.

Current class self-efficacy increased by 2.26% from Phys 1
to Phys 2 corrected for test average. This result suggests that
students’ domain-specific self-efficacy continues to evolve as
they process academic feedback into their self-efficacy toward
the next class in the same subject even though their STEM
self-efficacy did not change.

Self-Efficacy and Feedback Many sources of self-efficacy
beliefs can influence changes in a student’s self-efficacy
(Bandura 1977, 1986, 1993, 1997; Betz and Hackett
1981). The gender difference in current class self-
efficacy was evident immediately, prior to receiving sub-
stantial class feedback. Before any achievement feedback
was provided, women expressed lower self-efficacy to-
ward their current physics class than men, while express-
ing comparable self-efficacy beliefs toward other do-
mains. After receiving class feedback, measured by the
test average of the first two examinations, this gap re-
duced slightly but the self-efficacy of women toward their
current physics class was still significantly lower than the
current class self-efficacy of men mid-semester. This ob-
servation was unexpected and is not understood; more

research is required to understand this immediate differ-
ence in self-efficacy for women upon entering a STEM
class.

While the main effect of time was not significant, current
class self-efficacy did evolve during a class through a signif-
icant time-by-TestAve interaction. While statistically signifi-
cant, the changes represented a small practical effect with a
one-standard-deviation increase in TestAve producing only a
6.0% increase in current class self-efficacy. The gender-by-
time-by-TestAve interaction was not significant suggesting
that men and women processed test information into their
current class self-efficacy in the same way. The gender-by-
time interaction was significant in one of the two physics
classes showing the gap in current class self-efficacy, which
was present early in the class, narrowed somewhat by mid-
semester in that class. The parallel evolution of self-efficacy
with time while maintaining the same mean difference has
also been observed in chemistry courses (Villafafie et al.
2014).

Self-Efficacy and Gender The role of gender in the model was
not as hypothesized. Figure 2 shows that except for the initial
difference in current class self-efficacy at the beginning of the
class, gender does not affect the evolution of self-efficacy
within the class. This is counter to a substantial strand of
research showing that men and women incorporate mastery
experiences into self-efficacy differently (Marshman et al.
2018; Sawtelle et al. 2012a, b; Vermeer et al. 2000; Zeldin
et al. 2008; Zeldin and Pajares 2000). Achieving successful
test results must be viewed as one of the primary mastery
experiences of students in introductory physics classes.
Neither the evolution of current class self-efficacy nor
STEM self-efficacy as the students matriculated from Phys 1
to Phys 2 was moderated by gender.

In general, except for the difference in current class self-
efficacy which were evident immediately upon entering the
class, self-efficacy evolved in a similar fashion for both men
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and women. There was no evidence that men and women
processed course feedback in the form of test grades or class
completion differently.

Implications and Future Work

The current study shows that, by the time students reach col-
lege, STEM self-efficacy changes little with additional aca-
demic feedback. This study provides the beginning of an anal-
ysis of how self-efficacy interacts with test performance feed-
back at the college level and how various forms of domain-
specific self-efficacy change with time. Much additional re-
search will be needed to fully understand the dynamic evolu-
tion and interaction of multiple domains of self-efficacy im-
plied by the SCT.

The differences observed between current class self-
efficacy and STEM self-efficacy for all students and the addi-
tional difference in current class self-efficacy observed for
women imply that studies examining STEM self-efficacy
may overestimate current class self-efficacy particularly for
women. This effect could lead to important consequences if
self-efficacy information is used for retention efforts. The
identification of STEM self-efficacy as a stable construct
may mean that efforts directed at improving STEM self-
efficacy at the college level may meet with limited success.

The observation that the self-efficacy differences were
present very early in the semester suggests that the differences
did not result from the instruction in the classes studied, but
instead were the result of factors outside the classes. This
suggests that the instructional environment in the class studied
was not producing the differences and does not need to be
modified, but rather that the classes should institute policies
that attempt to reduce already existing differences. These pol-
icies may include a number of intervention strategies which
have been demonstrated to promote self-efficacy including
providing mastery experiences, exposing students to success-
ful peer role models, and providing positive goal-oriented for-
mative feedback (Hazari et al. 2010; Schunk and Ertmer
2000).

Limitations

We acknowledge that test average was not the only influence
on self-efficacy in each class; however, for all courses, test
average made up the majority of the student’s course grade.
Other assignments in the courses such as laboratory activities
and homework are often worked collaboratively, and there-
fore, the grades on these assignments are not a good individual
measure of student achievement. This quantitative study was
performed at a single institution in which the gender compo-
sition of the samples in many of the courses studied was quite

@ Springer

unbalanced. Additional qualitative and quantitative research at
different institutions with differing demographic composition
is needed to determine if results are similar in other contexts.
This work was targeted toward introductory physics and
mathematics courses; it should be extended to introductory
chemistry courses to determine if the results are general for
physical science courses.

Conclusion

This work showed that STEM students have three levels of
academic STEM self-efficacy; the lowest toward the class
they are currently in (current class self-efficacy), the next
highest toward STEM classes in general (STEM self-effica-
cy), and the highest toward their intended profession (profes-
sional self-efficacy). Men and women reported having similar
STEM self-efficacy and professional self-efficacy; however,
there was a difference between current class self-efficacy, with
men reporting higher current class self-efficacy. This gap was
present very early in the class before substantive performance
feedback was available. Except for this initial difference in
self-efficacy, both men and women processed test information
into their current class self-efficacy in the same way. General
academic STEM self-efficacy changed little as students ma-
triculated between classes and was not influenced by general
academic achievement measures such as cumulative GPA; as
such, general academic STEM self-efficacy may be a stable
construct once students reach the second year of college.
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