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Self-efficacy has emerged as one of the most important noncognitive variables explaining academic
behavior. It has been shown to influence students’ academic and career decisions as well as their academic
performance. Multiple studies have reported differences in self-efficacy between men and women in
science, technology, engineering, and mathematics classes. A student’s personality, characterized by the
five-factor model, is also related to academic performance; some personality facets are substantially
different for men and women. This work examines the relations among the five-factor model of personality
(agreeableness, conscientiousness, extraversion, neuroticism, and openness), self-efficacy toward physics
and mathematics, and course outcomes in university physics and mathematics classes. Women reported
significantly higher neuroticism in all classes, a medium to large effect size, and significantly higher
conscientiousness in Calculus 1 and Physics 1, small effects. Men reported higher self-efficacy in two-
semester Calculus 1, one-semester Calculus 1, Physics 1, and Physics 2, small effects. Conscientiousness
and neuroticism had competing mediational effects on the relation of gender to self-efficacy. The path
through neuroticism accounted for 25%–47% of the total effect of gender on self-efficacy (increasing self-
efficacy for men) and the path through conscientiousness accounted for 12%–23% of the total effect
(increasing self-efficacy for women). Self-efficacy mediated the relation of conscientiousness to course
grade in all classes, accounting for 30%–45% of the total effect.
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I. INTRODUCTION

Approximately one-half of high school physics students
are women [1]; yet, women earned only 24% of physics
undergraduate degrees in 2020 [2,3]. Physics education
research (PER) has long investigated issues that may
influence diversity and inclusion in physics classes.
Historically, much of this research has explored differences
in conceptual learning between men and women [4,5] while
some recent studies have explored differences between
other demographic groups [6–9]. While the existence of
differences in performance between demographic groups is

well established, the reason for the differences is still an
active area of research. PER has more recently begun to
explore the effect of noncognitive variables such as self-
efficacy and its relation to physics outcomes [10–14]. The
relation of noncognitive factors and educational outcomes
is a broad area of non discipline-based educational research
and substantial evidence exists for the relation of a number
of noncognitive factors to educational outcomes [15–22].
This study examines the relations between two of the most
studied noncognitive factors: self-efficacy and the five-
factor model of personality.
Despite substantial research strands identifying

differences in self-efficacy of men and women [23–27],
the role of science or mathematics anxiety in achievement
differences [28–33], and the differences in personality by
gender [34], we could identify only one research study
exploring the relationships among gender, self-efficacy, and
personality [35]; no studies specifically examining STEM
students were identified.
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A. Research questions

The relations among gender, personalty, self-efficacy,
and physics course grade are explored within the frame-
work of mediation and moderation. One variable mediates
the relation between two other variables if part of the effect
of one variable on the other is explained by the mediating
variable. A variable moderates the relation of two variables
if the relation is different depending on the value of
the moderator. Mediation and moderation is explained in
detail in Sec. II C. This study seeks to answer five research
questions.

RQ1: How does self-efficacy or personality differ for
men and women in core university introductory
mathematics and physics classes?

RQ2: Does gender moderate the relationships of person-
ality, self-efficacy, and achievement?

RQ3: Does personality mediate the relationship of
gender to self-efficacy? If so, how does it mediate
the relationship?

RQ4: Does personality mediate the relationship of
gender to achievement? If so, how does it mediate
the relationship?

RQ5: Does self-efficacy mediate the relationship of
personality and gender to achievement? If so, how
does it mediate the relationship?

Considerable effort has been directed toward under-
standing and mitigating performance differences between
students who have been historically marginalized in sci-
ence, technology, engineering, and mathematics (STEM)
and those who are not [6,36]. The use of cognitive factors
such as high school GPA, ACT, or SAT scores, conceptual
pretest or post-test scores, and test averages are prominent
in PER. Less work has investigated noncognitive factors in
PER—factors that do not directly measure academic
achievement at some level. Richardson et al. [37] provided
an extensive overview of the relations among noncognitive
factors and academic achievement in the broader educa-
tional research literature.
The majority of this work has examined characteristics

of instruction as one factor that may co-explain disparities
in representation and performance in physics [10]. Much
less work has focused on the roles of students character-
istics in explaining female students pursuit of a STEM
major or a STEM degree. Noncognitive factors could be
particularly important for understanding the underrepre-
sentation of some groups in STEM [38] as well as the
retention of more students within various STEM majors.
Self-efficacy has long been an important variable in models
predicting college persistence [39].

B. Self-efficacy

Self-efficacy has been shown to be an important factor in
academic goal setting, motivation, performance, and per-
sistence. Bandura defined self-efficacy as “people’s beliefs
about their capabilities to produce designated levels of

performance that exercise influence over events that affect
their lives” [40,41]. Students self-efficacy is grounded in
their beliefs about their performances, their vicarious
experiences, and forms of persuasion derived from teach-
ers, parents, and others [42]. As such, self-efficacy towards
physics represents a student’s belief they can successfully
perform physics tasks such as homework, examinations,
and laboratory activities. These beliefs are informed by
prior success in physics and mathematics classes and
success on prior assignments in the same class (mastery
experiences), observing others successfully perform phys-
ics tasks (vicarious experiences), and receiving support
from peers or instructors that they believe the student can
successfully complete physics tasks (social persuasion).
Researchers have shown self-efficacy to be highly corre-
lated with student performance and achievement in science
courses [15,17,37,43,44], students’ career aspirations
[20–22,45], as well as their persistence within STEM
disciplines [16,18,19,46,47]. Students self-efficacy beliefs
also influence students’ academic choices, the amount of
effort they expend toward their studies, how they address
and persist in the face of academic challenges, and the ways
in which they navigate academic stressors as they engage
with a task [27].
Shortly after the introduction of the construct,

differences in self-efficacy between men and women began
to be reported [23–27]. Women, although generally more
successful in science classes, report lower self-efficacy
toward science than their male counterparts [48].
Explanations for the variation in self-efficacy beliefs by
gender have included considerations based on the manner
in which efficacy beliefs are assessed, the influence of
gender orientation and stereotyped beliefs about gender,
and cumulative impact of differences in expectations for
performance by gender [27,49].

1. Self-efficacy in physics

While there have been robust studies performed within
various STEM domains, recent research has explored the
relation between self-efficacy and physics instruction
[10,12,50,51]. Nissen analyzed students’ self-efficacy in
high-school classrooms. Men reported higher self-efficacy
toward physics than women and, after physics instruction,
the self-efficacy of women decreased more than men [52].
Marshman et al. [10] also found that women reported lower
levels of self-efficacy as well as lower value associated with
physics after completing an introductory physics course.
Significant gender differences in the self-efficacy of non

STEM majors have also been reported in physics classes.
Cavallo et al. showed that men reported higher self-efficacy
than women in an introductory, algebra-based physics
course for students majoring in the biological sciences
[53]. Lindstrøm and Sharma investigated differences in
self-efficacy in a course designed for students without any
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prior physics instruction; the gender differences in self-
efficacy grew from pre-instruction to post-instruction [54].
Other studies have explored gender differences in

physics classrooms required for students majoring in
STEM. Women, on average, reported lower self-efficacy
toward physics-related activities [50,55–57]. In general,
from pretest to post-test, women’s self-efficacy toward
physics decreased more than men’s which, in turn,
increased the gender gap in self-efficacy over the course
of the semester. Furthermore, Sawtelle et al. showed that
traditional instruction negatively impacted all students’
self-efficacy but students’ engagement in a Modeling
Instruction course positively impacted specific sources of
women’s self-efficacy [58]. Specifically, it was shown that
the vicarious learning source of self-efficacy was positively
related to the success of women in these courses; however,
the mastery experience and social persuasion sources did
not explain any variation in their models. In addition to
Modeling Instruction, Miller et al. showed that in a class
using peer instruction, the lower self-efficacy reported by
women prior to instruction fully mediated the effect of
female students switching their answers to conceptual
physics problems from right to wrong [59].
More recently, researchers have explored gender

differences in self-efficacy in relation to how students
perceive their own class achievement [12] and what harm
these differences have on female students [11]. In general,
men and women interpret grades and other measures of
STEM performance differently, which may lead to a
confidence gap between men and women [60] and, thus,
longer term impacts such as persistence toward a degree or
career.

2. Self-efficacy in mathematics

In addition to studies done within the context of the
physics classroom, researchers have investigated students’
self-efficacy in mathematics courses. In a meta-analysis,
Huang demonstrated that men reported higher self-efficacy
thanwomen toward collegemathematics (Hedge’s g ¼ 0.18)
—a similar resultwas reported for both physics and computer
science [24]. The effect size criteria for Hedge’s g are similar
to Cohen’s d; 0.2 is a small effect, 0.5 a medium effect, and
0.8 a large effect. While the results in physics show men
consistently reporting higher levels of self-efficacy toward
the discipline than women, in mathematics, some studies do
not find significant differences in self-efficacy between men
and women [61,62]. Further, in-depth examination of stu-
dents self-efficacy in mathematics contexts suggests that
students’ efficacy beliefs fluctuate over time and across
engagement with mathematics tasks [63].

3. Self-efficacy in other STEM disciplines

Self-efficacy has also been studied in other STEM
disciplines, including engineering, biology, and chemistry.
In engineering, many studies concluded that men, on

average, report higher self-efficacy than women [64–73].
Fewer studies have investigated self-efficacy in chemistry
and biology. One study of high-school students showed no
difference in self-efficacy toward biology [74]; however,
Ainscough et al. demonstrated that men reported a higher
level of self-efficacy toward biology at the beginning and
end of a first-year biology course [75]. In college chemistry,
some studies have shown that women report higher self-
efficacy toward chemistry tasks than men [19,76].

C. Personality

This work utilizes the five-factor model of personality
which characterizes personality along five dimensions:
agreeableness, conscientiousness, extraversion, neuroti-
cism, and openness [77–79]. Agreeableness is related to
an individual’s tendency to be cooperative and compas-
sionate. Conscientious individuals are organized, focused,
and careful. Extraversion is related to a desire for social
interaction and attention. Neuroticism is associated with
feeling anxiety or other strong emotions. Neuroticism is
sometimes reverse coded as “emotional stability.”
Openness (to experience) involves a willingness to embrace
new ideas and experiences. This work measures the five-
factor model using the big five inventory (BFI) [80,81]. A
considerable body of research has shown strong relation-
ships among facets of the five-factor model and academic
performance [82]; however, little research has investigated
students at the college level in STEM fields. While
personality does change with time, this change occurs
slowly at the average age of students in this study [34].
A large nonacademic study (N > 106) reported

differences in some personality facets between men and
women [34]. These differences were particularly large for
the neuroticism facet, with women reporting 58 out of 100
on a percent of maximum possible (POMP) scale while
men reported 46. A POMP scale projects the 5-point Likert
scale into the range from 0 to 100. If these values are
converted to a 5-point Likert scale, women report a
neuroticism of 3.3 and men 2.8. As such, personality,
and specifically neuroticism, may be an important construct
to explain some of the gender differences reported in other
constructs such as self-efficacy. It may also be important to
the understanding of a large body of research report-
ing academic achievement differences between men and
women, with women generally outperforming men [48,83].
A 2012 meta-analysis, for example, showed both consci-
entiousness and self-efficacy to be positively correlated
with academic achievement (r ¼ 0.19 and r ¼ 0.31,
respectively, where r is the correlation coefficient).
Neuroticism was slightly negatively correlated with
achievement (r ¼ −0.01) [37].

1. Self-efficacy and personality

A number of studies have explored the relationship
between personality and self-efficacy [84,85], with some
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studies exploring differences between men and women. In
a prior study, the five personality facets were measured to
have different regression coefficients, β, predicting self-
efficacy: neuroticism β ¼ −0.25, extraversion β ¼ 0.27,
openness β ¼ 0.13, agreeableness β ¼ −0.06, and consci-
entiousness β ¼ 0.18 [86]. Self-efficacy has been shown to
mediate the relationship between engagement in studying
and openness to experience [87].
Prosocial behaviors are behaviors which benefit others;

prosociality is the tendency to engage in those beneficial
behaviors. A significant correlation between agreeableness
and prosociality, which differed between men and women
(men r ¼ 0.42, women r ¼ 0.33), has also been reported
[88]. Self-efficacy and prosociality were also correlated
(men r ¼ 0.57, women r ¼ 0.35). Self-efficacy was shown
to mediate the relationship between agreeableness and
prosociality, explaining 30% of the relation for men and
19% for women.
A significant positive interaction between gender and

emotional stability (reverse-coded neuroticism) was
reported in these two variables’ effect on self-efficacy
[35]. Further, in a meta-analysis examining the correlates
with complex task performance in the workplace, both
conscientiousness and cognitive ability were positively
correlated with complex task performance; conscientious-
ness was also positively correlated with self-efficacy
(r ¼ 0.27). Self-efficacy mediated the relation between
conscientiousness, cognitive ability, and simple task per-
formance but was not a mediator for complex task
performance [89].
Studies have also examined links among students’ self-

regulation and self-efficacy skills, personality, motivation,
and achievement. In an examination of profiles of college
students, Dörrenbächer and Perels found that students’ low
or high in self-regulated learning varied in dimensions of
motivation and personality [90]. Specifically, achievement
was found to be significantly higher among students high in
both self-regulated learning and motivation. Importantly,
students who are higher in self-regulated learning skills,
such as self-efficacy, also demonstrated lower neuroticism
and higher conscientiousness, agreeableness, and openness
to experience, suggesting key links among students’
regulation, efficacy, and dimensions of personality.

D. Science and mathematics anxiety

Both mathematics anxiety [28,29] and science anxiety
[30–33] have been explored as explanations for differences
in quantitative examination performance. In a meta-analy-
sis, higher levels of mathematics anxiety were negatively
correlated with performance (r ¼ −0.27); this result was
independent of gender [28]. Differences in mathematics
anxiety for men and women (d ¼ 0.28) have been shown to
be of the same effect size as differences in self-efficacy
(d ¼ 0.33); both differences are substantially larger than
academic performance differences (d ¼ 0.11). Effect size is

characterized by Cohen’s d. STEM majors report lower
levels of science anxiety than nonscience majors [91];
however, within STEM, women report higher levels of
science anxiety than men.
Sources of anxiety within the physics classroom have

also been investigated. Students with higher communica-
tion apprehension produced lower normalized gains on the
Force Concept Inventory [92,93]. Students in classes where
the physics instructor allowed more autonomy had less
anxiety about the course and higher achievement in the
course [94].

E. Theoretical framework

In this research, we adopt Bandura’s social cognitive
theory (SCT) as the primary theoretical framework for this
study [40]. SCT proposes a recursive relationship between
task achievement, goal setting, and self-efficacy, producing
a construct that evolves in time due to external feedback
and influences how an individual addresses future goals.
For academic self-efficacy, one of the primary sources of
performance feedback is academic achievement in classes.
For STEM students, performance on course examinations
often form a substantial part of overall course grades. A
substantial literature suggests experiencing stress or anxiety
during an examination degrades performance; thus, the
personality facet neuroticism may be related to examination
performance and affect self-efficacy by modifying exami-
nation performance. Science and mathematics anxiety
represent anxiety specifically experienced during math-
ematics and science experiences, often examinations, and
are different from the general tendency to feel anxiety
measured by the neuroticism facet. However, it seems
reasonable to hypothesize that students who are more likely
to feel anxiety in general are also more likely to feel anxiety
toward mathematics and science experiences.
Conversely, additional anxiety might make a student

prepare for the examination more thoroughly, potentially
increasing performance and, later, self-efficacy. Course
grades in STEM classes also generally require the com-
pletion of assignments, such as homework, in addition to
examinations. The conscientiousness facet may influence
whether a student consistently completes assigned tasks,
thus affecting homework and other assignment grades.
Homework is generally designed to affect test performance,
further suggesting conscientiousness may influence overall
class grade.
Developing a model for the relation of self-efficacy to

academic achievement is challenging because a college
STEM student’s self-efficacy towards STEM academic
situations has been under development for a decade before
they enter an introductory physics or mathematics class.
According to Bandura’s model, a student’s current self-
efficacy should be informed by their history of both prior
academic achievement and prior levels of self-efficacy
as self-efficacy is adjusted according to performance
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feedback. As such, current self-efficacy is partially a
measure of past academic achievement which naturally
affects future grades. Self-efficacy at a certain time is then
properly modeled as a student’s current belief in their
capability to perform some action as well as their inter-
pretation of the past experiences which inform that belief.

F. Summary

The connections between gender, personality, self-
efficacy, and achievement are complex as detailed above.
Of the myriad relations discussed earlier, the following
most directly impact this work. Many studies have iden-
tified differences in self-efficacy by gender in STEM fields.
Self-efficacy is a strong correlate to academic achievement.
Gender differences in personality have also been identi-
fied in a very large non STEM study. Personalty facets,
particularly conscientiousness, also correlate with aca-
demic achievement. Multiple studies have shown a negative
correlation with STEM achievement and the tendency to
feel anxiety in STEM testing situations.

II. METHODS

A. Sample

This study was performed from fall 2015 to fall 2019 at a
large land-grant university in the eastern United States. The
university’s general undergraduate population reported
ACT scores ranging from 21 to 26 (25th to 75th percentile)
[95]. The undergraduate demographic composition was
80% White, 6% international, 4% African American, 4%
Hispanic, 4% students reporting two or more races, 2%
Asian, and other groups each with 1% or less [95].
This study includes data from two introductory physics

classes (Physics 1 and Physics 2) and three introductory
calculus classes (Calculus 1, Calculus 1A, and Calculus
1B). Calculus 1 is the traditional one semester calculus 1
class. Science and engineering students who are “math
ready” enroll in Calculus 1 their first semester. Calculus 1A
and Calculus 1B are a two-semester sequence which covers
the material of Calculus 1 along with some precalculus and
is designed for students who are not academically ready to
take Calculus 1. Physics 1 is the introductory calculus-
based mechanics course taken by scientists and engineers
and has Calculus 1 or Calculus 1A as its prerequisite.
Physics 2 is the introductory calculus-based electricity and
magnetism course and has Physics 1 as its prerequisite.
Data were also collected in Workshop Mathematics, a
remedial mathematics class to help students prepare to take
college algebra. Over 90% of the students in the calculus
and physics classes were pursuing STEM majors, while
only 70% of the students in Workshop Mathematics were
pursuing STEM majors. Workshop students represent a
population more representative of the university in general.
The mathematics classes were taught by many instruc-

tors over the course of the study. Many of these instructors

used a variety of active learning strategies to support their
students. Each physics course was led by a single instructor
with an expertise in PER over the course of the study. The
lectures used clicker questions and research-based peda-
gogy to engage students. Multiple other instructors team
taught the courses and adopted this pedagogy; the courses
offered multiple lecture sections per semester. Both physics
classes had a 3-h per week required lab which used small
group problem solving, white boarding, and hands-on
inquiry based activities.
A total of 6286 students completed the physics classes

from Fall 2015 to Fall 2019 and a total of 8937 students
completed the mathematics classes from Fall 2016 to
Spring 2019. Of these, only domestic students with ACT
or SAT scores who completed both the personality and self-
efficacy surveys were retained. For physics, 3334 students
met these criteria (1783 Physics 1 and 1551 Physics 2). For
mathematics, 3977 students met these criteria (1074
Workshop Mathematics, 765 Calculus 1A, 563 Calculus
1B, and 1575 Calculus 1) completed both surveys. These
students form the sample for this study.

B. Instruments

The big five inventory (BFI) [80,81,96,97] was used to
measure students’ personality. The BFI measures the five-
factor personality model based on the following facets:
agreeableness, conscientiousness, extraversion, neuroti-
cism, and openness. The BFI has been extensively used
in a broad set of studies [98]. This work focuses on the
conscientiousness and neuroticism facets.
Neuroticism is related to the tendency to feel stress,

anxiety, or other strong emotions. The BFI measures
neuroticism using eight items measured on a five-point
Likert scale. The student is asked to rate how true the
statement is for them; some items are reversed coded. The
items are

• Is depressed, blue
• Is relaxed, handles stress well (reversed)
• Can be tense
• Worries a lot
• Is emotionally stable, not easily upset (reversed)
• Can be moody
• Remains calm in tense situations (reversed)
• Gets nervous easily
Conscientiousness is related to the tendency to follow

instructions, to work hard and carefully, and to meet outside
expectations. The items in the conscientiousness scale in
the BFI are

• Does a thorough job
• Can be somewhat careless (reversed)
• Is a reliable worker
• Tends to be disorganized (reversed)
• Tends to be lazy (reversed)
• Perseveres until the task is finished
• Does things efficiently
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• Makes plans and follows through with them
• Is easily distracted (reversed)
Self-efficacy was measured with the self-efficacy for

learning and performance subscale from the motivated
strategies for learning questionnaire (MSLQ) [99]. This
eight-item scale was reduced to six items and specialized to
the class environment by specifying either physics or
mathematics classes [100]. The scale was reduced to
remove one item asking about reading comprehension
and one item that was very similar to a second item as
part of a larger project to measure self-efficacy in multiple
STEM domains. The resulting physics self-efficacy sub-
scale is

• I believe that I will receive an excellent grade in this
physics class.

• I’m confident I can understand the basic concepts
taught in this physics class.

• I’m confident I can understand the most complex
material presented by the instructor in this phys-
ics class.

• I’m confident I can do an excellent job on the
assignments and tests in this physics class.

• I’m certain I can master the skills being taught in this
physics class.

• Considering the difficulty of this course, the teacher,
and my skills, I think I will do well in this physics
class.

The modified survey items were extensively revalidated.
The method of word substitution to modify the MSLQ for
specific domains has been used in prior studies [70].
Both of the surveys were administered once per semester

and the students received a small amount of course credit
for completing each survey. Informed consent was col-
lected from all participants and all procedures were
approved by the Institutional Review Board.
Academic achievement was characterized by physics

and mathematics course grades measured on a numeric
scale with F ¼ 0 and A ¼ 4. Academic preparation was
measured by ACT and SAT mathematics percentile scores
(ACTM%). Gender was accessed from university records
where it was recorded as a binary variable. This work coded
gender as a dichotomous variable with levels 0 (women)
and 1 (men). This coding of gender is not optimal, but is
consistent with other work in PER. For a more nuanced
discussion of gender, see Traxler et al. [101].

C. Mediation and moderation

Mediation and moderation form a powerful framework
for investigating the relationships between variables affect-
ing educational achievement. To investigate the relation of
personality facets and self-efficacy with achievement, the
mediation framework developed by Baron and Kenny [102]
was used. Figure 1 represents the mediational model for the
relations of the dependent variable (Dep), independent
variable (Indep), and the mediator (Med). The dependent

variable of each regression is the node at the tail of the
directed line; the independent variables for the regression
are all nodes at the head of lines directed at the dependent
variable.
The total effect, C, is measured through the regression

Dep ¼ β1 þ C × Indepþ ϵ1; ð1Þ

where βi is the intercept and ϵi is the residual error.
With the mediator, Dep is predicted through two paths:

the direct path characterized by C0 and the indirect path
through the mediator composed of a path from Indep to
Med (A) and the path from Med to Dep (B). These
parameters are measured by

Med ¼ β2 þ A × Indepþ ϵ2: ð2Þ

Dep ¼ β3 þ C0 × Indepþ B · Medþ ϵ3: ð3Þ

Significant mediation exists if A, B, and C are significant
regression coefficients and if the direct effect C0 is less than
the total effectC. IfC0 < C, part of the overall effect of Indep
on Dep is a result of the relation of both variables with the
mediator. To further test for significant mediation, the total
indirect effect (A × B) was calculated by bootstrapping with
1000 replications. The mediation is significant if a t tests
shows this product is significantly different than zero. The
total effect of the independent variable on the dependent
variable C is thus partitioned into two parts: one resulting
from the mediator (A × B) and one not resulting from the
mediator (C0). The total effect can be expressed as a sum of
these two contributions,C ¼ C0 þ A × B. The percentage of
the total effect C which is the result of the mediator is
then A × B=C × 100%.
Figure 1 uses the notation C → C0 to represent the total

effect C of Indep on Dep without the mediator and the
remaining direct effect C0. This notation is intended to
represent the change in the C coefficient to C0 after adding
the mediating variables. This relation is more traditionally
represented with the notation CðC0Þ; however, the more
traditional representation does not naturally generalize to
the multistage mediation analysis presented in this work.
Moderation occurs when one variable, the moderator

(Mod), influences the relation between two other variables.
For example, it may be that the relation of self-efficacy to
course grade is different for men and women; in this case,

Independent

Mediator
A B

Dependent
C  C’

FIG. 1. Mediation process.
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gender may moderate the relationship between self-efficacy
and course grade. To detect moderation, the moderator is
added to the regression equation as a product term as

Dep ¼ β4 þ β5 × IndepþD × Indep ×Modþ ϵ4: ð4Þ

The moderation is significant if D is significant. If the
moderator is dichotomous, the effect of moderation is to
produce different slopes, β5 and β5 þD, depending on the
level of the moderator (0 or 1, respectively).

III. RESULTS

Table I shows the descriptive statistics for each course.
The effect size difference between men and women for
each variable is measured by Cohen’s d. For each variable,
a t test was performed to determine if the difference
between men and women was significant; the result of
the t test is presented as a superscript on d. A Bonferroni
correction was applied to each of Tables I–IV individually
to correct for the inflation of type I error. The significance

threshold was divided by the number of statistical tests
performed in the table. For example, in Table I the p
threshold was divided by 36 for the 36 statistical tests
performed in the columns from self-efficacy to openness,
which are the focus of this work. The grade and ACTM%
columns are presented for reference and as a general
measure of differences in the student populations of each
class.
The data presented have some striking features. In all

courses, women report higher levels of neuroticism with
effect sizes ranging fromd ¼ 0.64 to 0.80, fromamedium to
a large effect. The 0.4–0.6 Likert point difference on the
neuroticism scale was very consistent between the physics
and calculus classes. In addition, theWorkshopMathematics
class, which is taken by a population of studentswith a lower
percentage intending on majoring in STEM and students
with less mathematics preparation (as measured by ACTM
%), shows a similar gender difference. As such, it seems
likely that these differences represent a general feature of
college age students, not a specific feature of students
pursuing physical science and engineering majors.

TABLE I. Descriptive statistics. Cohen’s d measures the effect size for the difference between men and women for each quantity. The
significance of a t-test of the difference between men and women is shown as a superscript on d. Note: “a” denotes p < 0.05, “b”
p < 0.01, and “c” p < 0.001. A Bonferroni correction was applied to the significance levels.

N ACTM% Grade Self-efficacy Agreeableness Conscientiousness Extraversion Neuroticism Openness

Workshop mathematics

Men 752 41.0� 12.5 2.9� 1.2 3.9� 0.8 3.8� 0.5 3.6� 0.6 3.2� 0.7 2.8� 0.7 3.5� 0.5
Women 322 39.6� 11.7 2.9� 1.3 3.9� 0.9 3.9� 0.5 3.6� 0.6 3.3� 0.7 3.3� 0.8 3.4� 0.5
d 0.12 0.00 0.01 0.30c 0.05 0.16 0.70c 0.18

Calculus 1A

Men 387 71.2� 16.4 2.6� 1.2 3.9� 0.8 3.8� 0.6 3.6� 0.6 3.2� 0.7 2.7� 0.7 3.6� 0.5
Women 378 67.6� 17.3 2.5� 1.3 3.7� 0.9 3.9� 0.6 3.7� 0.6 3.2� 0.8 3.3� 0.8 3.5� 0.6
d 0.21 0.05 0.27b 0.18 0.18 0.04 0.69c 0.05

Calculus 1B

Men 304 72.6� 16.8 2.7� 1.1 3.9� 0.8 3.7� 0.6 3.7� 0.6 3.2� 0.7 2.7� 0.7 3.6� 0.5
Women 259 70.1� 16.4 2.8� 1.1 3.8� 0.9 3.9� 0.6 3.8� 0.6 3.2� 0.8 3.2� 0.7 3.5� 0.6
d 0.15 0.05 0.13 0.22 0.14 0.00 0.80c 0.04

Calculus 1

Men 1020 83.8� 12.9 2.3� 1.3 3.9� 0.8 3.8� 0.6 3.6� 0.6 3.2� 0.8 2.7� 0.7 3.6� 0.5
Women 555 82.2� 12.8 2.6� 1.2 3.6� 1.0 3.9� 0.6 3.7� 0.6 3.3� 0.8 3.2� 0.8 3.6� 0.6
d 0.12 0.21c 0.28c 0.11 0.19a 0.10 0.73c 0.07

Physics 1

Men 1284 80.1� 15.3 2.9� 1.0 3.9� 0.8 3.8� 0.6 3.7� 0.6 3.2� 0.7 2.6� 0.7 3.6� 0.5
Women 499 81.3� 14.6 2.9� 1.0 3.6� 1.0 3.9� 0.6 3.9� 0.6 3.3� 0.8 3.1� 0.7 3.7� 0.6
d 0.08 0.01 0.36c 0.24c 0.32c 0.07 0.70c 0.08

Physics 2

Men 1186 81.5� 15.1 2.9� 1.0 3.9� 0.8 3.8� 0.6 3.7� 0.6 3.2� 0.7 2.7� 0.7 3.6� 0.5
Women 365 83.5� 12.8 3.1� 1.0 3.8� 0.9 3.9� 0.6 3.8� 0.6 3.2� 0.7 3.1� 0.8 3.7� 0.6
d 0.14 0.15 0.23a 0.20 0.19 0.07 0.64c 0.01
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Women also consistently report higher levels of consci-
entiousness in calculus and physics classes with effect sizes
for the differences ranging from below a small effect d ¼
0.14 to a small effect d ¼ 0.32; however, these differences
were significant only in Calculus 1 and Physics 1.
Men report higher levels of self-efficacy toward their

calculus and physics classes with differences ranging from
an effect size of 0.13–0.36 with the difference in the range
of a small effect in all calculus and physics classes except
Calculus 1B. The differences were statistically significant
in all calculus and physics classes except Calculus 1B. Self-
efficacy toward the remedial Workshop Mathematics class
was approximately equal for men and women. Men
reported the same level of self-efficacy as that reported
in the more challenging calculus and physics classes.
Women in Workshop Mathematics reported higher levels
of self-efficacy than women in the calculus and physics
classes. This may have resulted from the class being fairly
easy with simply completing assignments all that was
required for a passing grade.
Overall, the averages of the personality facets for men

and women were strikingly similar for classes requiring
substantially different high school preparation and bridging
the first two years of college. Significant differences
between men and women were also measured for the
agreeableness facet in Workshop Mathematics and Physics
1 with women reporting higher levels of this facet.
The sample contains two two-class course sequences:

Calculus 1Aand1Band Physics 1 and2. For both sequences,
the difference between the self-efficacy of men and women
was smaller for the second class in the course sequence. The
self-efficacy of women increased between the first class in
the sequence and the second class. This change could be
the result of either increased self-efficacy in women with
longer exposure to physics and mathematics. It could also be
caused by women with lower self-efficacy choosing not to
enroll in the second class in the sequence.
To further investigate this effect, a paired sample was

extracted consisting of students who had taken both courses
in the course sequence. For Physics 1 and Physics 2, 865
students took both courses (men 635, women 230); the self-
efficacy for women did not significantly increase from
Physics 1 (3.7� 1.0) to Physics 2 (3.8� 0.9). The effect
size of this difference is d ¼ 0.24. The self-efficacy for men
also did not increase from Physics 1 (4.0� 0.8) to Physics
2 (4.0� 0.8); the effect size is d ¼ 0.10. A similar matched
sample was extracted for the Calculus 1A and 1B sequence
(N ¼ 312, men 157, women 155). The self-efficacy of
women did not significantly increase from Calculus 1A
(3.8� 0.9) to Calculus 1B (3.8� 0.9), d ¼ 0.08; the self-
efficacy of men also did not significantly change from from
Calculus 1A (4.0� 0.7) to Calculus 1B (3.9� 0.8),
d ¼ 0.21. This result was similar to the finding of Cwik
and Singh who reported a consistent self-efficacy at the
beginning and at the end of the course [103].

A. Full path model

Figure 2 shows two possible path models for the relation
of gender, the personality facets conscientiousness and
neuroticism, self-efficacy, and physics course grade. Only
conscientiousness and neuroticism were examined because
of the significant differences observed in Table I, prior
work relating these variables to academic achievement, and
for the theoretical reasons discussed in Sec. I E. Model 2
contains an additional element; the curved line between
self-efficacy and grade represents the correlation between
these variables. Treated as structural equation models
(SEM), these path models are mathematically equivalent.
In SEM, reversing the direction of an edge or replacing an
edge with a correlation does not change the overall fit of the
model. Two models are presented to allow the investigation
of different assumptions of the relation of self-efficacy to
grade. A path model encodes the relational hypotheses of
the researcher.
In both models, our relational hypothesis is that gender

influences personality which in turn influences self-
efficacy. This hypothesis is supported by the consistent
gender difference in the neuroticism facet observed in both
STEM and non STEM samples, that gender identity usually
develops prior to adult personality, and that personality
develops generally prior to STEM self-efficacy. It is also
supported by causal arguments relating higher anxiety or
conscientiousness to academic performance which informs
the development of self-efficacy.
For model 1, we additionally assume self-efficacy

influences grade, but that personality also influences grade
directly and through its effect on self-efficacy. This model
is supported theoretically by the generally positive effect of
believing one can do something on actually doing that
thing. It is also supported temporally; self-efficacy is
measured midsemester while grades are assigned at the
end of the semester.
For model 2, we discard the hypothesis that changes in

self-efficacy imply changes in grades, and relax it to the
assumption that self-efficacy covaries with grades. This
model can be theoretically justified by observing self-
efficacy is related to prior course success which should
influence grades. Modifying self-efficacy should influence
future grades; however, modifying self-efficacy will not
modify prior academic performance which also is related to
course grades.
In models 1 or 2, personality could affect self-efficacy

either by modifying how past experience is processed into
current beliefs, by modifying the past experiences them-
selves, or by doing both. The effect of personality on self-
efficacy through either mechanism has been acting for
many years; as such, the structure in models 1 and 2
relating gender, personality, and self-efficacy should be
viewed as a cumulative effect acting over many years.
The central difference between models 1 and 2 is that in

model 1 changes in self-efficacy should produce changes in
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course grades while in model 2 differences in self-efficacy
should be related to differences in grades. There are two
possible interpretations of model 1. The first views both
self-efficacy and grade as quantities measured at a single
instance in time and suggests that if some intervention
could improve self-efficacy prior to the end of the course
then this change would have an effect on the current course
grade (as well as future course grades) suggested by the
coefficient of the path model. We argue that this inter-
pretation is unlikely (particularly given the size of the
measured coefficients). An intervention to modify self-
efficacy at a given time would not change the past
experiences (academic achievement) which informed
self-efficacy. A second interpretation acknowledges the
recursive nature of Bandura’s model and views both self-
efficacy and academic achievement (measured by a college
course grade) as variables that have developed over time. In
this view, personality has influenced self-efficacy over the
student’s development which has in turn influenced their
general academic achievement.
This work investigates three potential mediational rela-

tionships shown in model 1; two of these relations are also
present in model 2. The first relation explores the mediation
of the combination of conscientiousness and neuroticism of
the relationship between gender and self-efficacy. This

mediation model is composed of edges A, B, C → C0, D,
and E. The notation C → C0 indicates that the coefficient C
representing the total effect of gender on self-efficacy is
changed to C0 by the action of the mediating variables. The
second mediational relation investigates whether the rela-
tion of gender to grade is mediated by personality. This
model is composed of edges: A, B, F, G, and IT → I. The
third possible mediating relationship shown only in model
1 investigates whether self-efficacy mediates the relation of
gender and personality to grade; this model requires the full
path model 1. These three analyses will be discussed in
Secs. III C–III E.
The path models in Fig. 2 were analyzed with traditional

multiple linear regression analysis. It could also be ana-
lyzed as a structural equation model (SEM) that yields the
same results (it is a saturated or just-identified model so all
model fit statistics are perfect). For the SEMmodel, the two
personality facets are assumed to co-vary.
The coefficients in the path models were estimated using

a series of linear regressions shown in Eqs. (5)–(11). For all
analyses that follow, all continuous variables have been
normalized by subtracting the mean of each variable and
dividing by the standard deviation.
The regression coefficients for the mediation of person-

ality on the relation of gender to self-efficacy were

Gender Self-Efficacy

Neuroticism

Grade

Conscientiousness
A

B

D

E

C  C’

F  F’

G  G’

H

IT  I  I’

Gender

Self-Efficacy

Neuroticism Grade

Conscientiousness
A

B

F

G

IT  I

Model 1

Model 2

C  C’

D

E

FIG. 2. Path models showing the relation of gender, personality, self-efficacy, and physics course grade. The notation C → C0 shows
the change in the coefficient relating gender to self-efficacy before the addition of mediating variables (C) and after the addition of these
variables (C0). The notation IT → I → I0 shows the relation between gender and grade without mediators (IT), with only personality as
mediating variables (I), and with both personality and self-efficacy as mediating variables (I0).
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computed using the following equations, where SEF is self-
efficacy, Nrt is neuroticism, Cns is conscientiousness, β0i is
the intercept, and ϵi the residual error:

SEF ¼ β01 þ C × Gender þ ϵ1; ð5Þ

Cns ¼ β02 þ A × Gender þ ϵ2; ð6Þ

Nrt ¼ β03 þ B × Gender þ ϵ3; ð7Þ

SEF ¼ β04 þ C0 × Gender þD × Cnsþ E × Nrtþ ϵ4: ð8Þ

The overall effect of gender on course grade (IT) is
estimated by

Grade ¼ β05 þ IT × Gender þ ϵ5: ð9Þ

The coefficients relating to the mediation of this effect by
personality are estimated with

Grade ¼ β06 þ F × CnsþG × Nrtþ I × Gender þ ϵ6:

ð10Þ

The coefficients of the mediation of self-efficacy on the
relation between gender, personality, and course grade are
estimated by

Grade ¼ β07 þ F0 × CnsþG0 × NrtþH × SEF

þ I0 × Gender þ ϵ7: ð11Þ

B. Moderation

The models of the previous section assume that all
relations are linear in the independent variables, that no
products of independent variables are important. To par-
tially test this assumption, product terms involving gender
were added to Eqs. (8) and (11). These product terms, for
example Gender × Cns, tested whether the relations out-
lined in Fig. 2 were moderated by gender.

Gender was added as a moderator to Eq. (8) to determine
if the effect of personality on self-efficacy was different
for men and women. To do this, Eq. (8) was modified to

SEF ¼ β08 þ C0 × Gender þD × Cns

þMD × Gender × Cns

þ E × NrtþME × Gender × Nrtþ ϵ8; ð12Þ

where MD and ME are the regression coefficients of the
interaction terms (moderators). If either regression coef-
ficient is significant, the relation of either conscientiousness
or neuroticism to self-efficacy is different for men and
women. For example, if MD is significant, the slope of the
relation between conscientiousness and self-efficacy is D

for women and DþMD for men. No statistically signifi-
cant moderation was found in any of the courses (the
regression coefficients MD and ME were not significant in
any course). This is especially important and shows that,
while women report higher mean levels of conscientious-
ness and neuroticism than men, the relation of both to self-
efficacy is the same for men and women.
The moderation of the relation of conscientiousness,

neuroticism, and self-efficacy to grade was tested with

Grade ¼ β09 þ I0 × Gender þ F0 × Cns

þMF × Gender × Cns

þG × NrtþMG × Gender × Nrt

þH × SEFþMH × Gender × SEFþ ϵ9; ð13Þ

where MF, MG, and MH are the regression coefficients of
the interaction terms. No statistically significant moder-
ation was found in any of the courses.
As such, the relation of gender, personality, self-efficacy,

and course grade is not moderated by gender. The path
models in Fig. 2 do not leave out important higher order
terms involving gender. The relations of all these quantities
are the same for men and women.

C. Mediation of the relation of gender to self-efficacy

Sections III C–III E present three separate mediation
analyses. The overall results of these analyses for model
1 and 2 are presented in the path model in Fig. 3 for Physics
1. The path models presenting model 1 for the other classes
are shown in Fig. 4; the path models for model 2 are
presented in Fig. 5. Physics 1 is presented in the same
figure to allow comparison between the two models.
Results will be discussed for all classes; when a specific
example would be helpful, Physics 1 is used.
Differences in personality may affect how a student

interacts with academic situations. Higher conscientious-
ness may lead a student to complete more of his or her
assignments or to work harder on those assignments, thus
increasing academic achievement. Higher neuroticism may
add to the anxiety felt during testing, lowering academic
achievement, or may cause a student to feel excess concern
about the class causing an increase in effort increasing
achievement. Either lower or higher past academic achieve-
ment should influence future self-efficacy in Bandura’s
model. As such, it is possible personality mediates the
relation of gender and self-efficacy.
The mediation analysis of the relation of gender, person-

ality, and self-efficacy for all physics and calculus courses
is shown in Table II in the Appendix. Beyond the
coefficients presented in Figs. 3–5, this table also contains
the calculation of the indirect effects through each path and
the percentage of the total effect that is explained by the
mediator.
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The beta coefficient for the linear relation between a
dichotomous and a normalized continuous variable repre-
sents the difference in the average of the continuous
variable in standard deviation units between the two levels
of the dichotomous variable and is related to Cohen’s d.
The linear relation between two normalized continuous
variables is related to the correlation between the two
variables.
The relation of gender to self-efficacy was significant for

all classes except Calculus 1B. For all four of these classes,
the total effect of gender on self-efficacy (C) was reduced;
however, in many classes the amount of reduction was
fairly small. Examination of the two indirect paths from
gender to self-efficacy shows that this was the result of
paths through neuroticism and conscientiousness partially
cancelling with men having lower conscientiousness which
led to lower self-efficacy (14.4% of the total effect for
Physics 1) while the lower level of neuroticism in men led
to higher self-efficacy (26.7% of the total effect in Physics
1). For all classes, the indirect path through neuroticism
accounted for a higher percentage of the total effect of
gender on self-efficacy than the path through conscien-
tiousness. For three of the classes, the path through
neuroticism accounted for about 25% of the total effect;
for Calculus 1 and Physics 2, 40% of the total effect. As

such, a substantial part of the gender difference in self-
efficacy was explained by differences in neuroticism. The
path through conscientiousness explained about 15% of the
total effect.
The direct effect of gender on personality shows the

same pattern as was observed in Table I. The gender
difference in conscientiousness was generally significant,
but was less than a small effect in all classes except Physics
1. The direct effect of gender on neuroticism was much
larger, in the range of a medium effect. The pattern of direct
effects was different for Calculus 1A and 1B and the other
classes. Note, for dichotomous variables regression coef-
ficient β is related to Cohen’s d but they are not identical; d
normalizes the difference in level by the pooled standard
deviation while β uses the aggregated standard deviation.

D. Mediation of the relation of gender to achievement

For this section, we consider the overall effect of gender
on course grade (IT) which is estimated by Eq. (9) and
whether the personality facets conscientiousness and neu-
roticism mediate this relationship. This mediation model is
formed of the edges A, B, F, G, and IT → I in Fig. 1 model
2; these edges also appear in model 1 with F, G, and I the
values of the regression coefficients before taking into

Gender Self-Efficacy

Neuroticism

-0.32c

-0.67c

Grade

Conscientiousness

0.16c

-0.14c

0.35c 0.31c

0.20c
0.14c

0.06 0.12c

0.39c

0.01 0.12 0.00 

Gender

Self-Efficacy

Neuroticism Grade

Conscientiousness

0.06

Model 2

Model 1

0.01 0.12 

-0.32c

-0.67c

0.16c

-0.14c

0.20 c

0.39c

0.35c 0.31c

FIG. 3. Path models showing the relation of gender, personality, and self-efficacy for students in Physics 1. Gender was coded with
women as zero, men as one. The number on each path is the value of the regression coefficient. The notation #1 → #2 shows the change
in the coefficient before (#1) and after (#2) the addition of the mediating variables. Compare the figure with Fig. 2 for the symbolic
variable related to each number. Note: “a” denotes p < 0.05, “b” p < 0.01, and “c” p < 0.001. A Bonferroni correction was applied to
the significance levels.
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account the mediation of self-efficacy. The coefficients F,
G, and I are estimated by Eq. (10).
Table III in the Appendix summarizes the mediation

analysis. Figures 3–5 present the path models for the
analysis. The total effect of gender on grade, IT , was
significant only in Calculus 1 at the level of a small effect.
The effect of the personality variables either reduced the
female advantage in grades or increased the male advan-
tage. Examination of the indirect effects showed that the

reason for this change is that women gain a small advantage
in course grades through both the indirect path through
conscientiousness and neuroticism. The advantage through
the path through conscientiousness was expected and is
supported by many general education studies [37]. The
advantage gained through the path through neuroticism was
less expected, but still understandable. Any disadvantage
accrued through higher neuroticism causing increased
anxiety in testing situations must be offset by positive

Gender Self-Efficacy

Neuroticism

-0.19a

-0.62c

Grade

Conscientiousness

0.20c

-0.17c

0.18c 0.10b 

0.02 0.09b 

0.41c 

-0.15 -0.10 0.17 

Model 1 - Physics 2

0.23b 0.16

Gender Self-Efficacy

Neuroticism

-0.18

-0.65c

Grade

Conscientiousness

0.19c

-0.10

0.21c 0.14b 

0.09  0.13a 

0.35c 

0.05 0.15 0.07 

Model 1 - Calculus 1A

0.27b 0.23

Gender Self-Efficacy

Neuroticism

-0.14

-0.74c

Grade

Conscientiousness

0.22c

-0.05

0.15a 0.08

-0.01 0.01 

0.31c 

-0.05 -0.03 -0.07 

Model 1 - Calculus 1B

0.13 0.13

Gender Self-Efficacy

Neuroticism

-0.19a

-0.69c

Grade

Conscientiousness

0.18c

-0.16c

0.18c 0.10c 

0.10b  0.17c 

0.46c 

-0.21c -0.11 -0.20b 

Model 1 - Calculus 1

0.28c 0.20b

FIG. 4. Path models showing the relation of gender, personality, and self-efficacy for students in Physics 2, Calculus 1A, Calculus 1B,
and Calculus 1. The number on each path is the value of the regression coefficient. The notation #1 → #2 shows the change in the
coefficient before (#1) and after (#2) the addition of the mediating variables. Compare the figure with Fig. 2 for the symbolic variable
related to each number. Note: “a” denotes p < 0.05, “b” p < 0.01, and “c” p < 0.001.
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impacts of feeling anxiety or other strong emotions. For
example, additional anxiety prior to a test may cause a
student to prepare more thoroughly for the test.

E. Mediation of the relation of personality
and self-efficacy to achievement

Substantial research has demonstrated a relation
between personality and academic achievement [37].

The previous sections demonstrated that personality,
particularly the neuroticism facet, mediated gender
differences in self-efficacy and that the personality facets
modified the relation of gender to grade. Self-efficacy has
been reliably demonstrated as one of the most important
noncognitive factors in explaining academic achievement
[37]. It is, therefore, possible that the reported relation
between personality and academic achievement actually

0.23b 0.16
Gender

Self-Efficacy

Neuroticism Grade

Conscientiousness

0.02

Model 2 - Physics 2

-0.15  -0.10 

-0.19a

-0.62c

0.20c

-0.17c

0.18 c 

0.40c 

0.27b 0.23
Gender

Self-Efficacy

Neuroticism Grade

Conscientiousness

0.09

Model 2 - Calculus 1A

0.05 0.15 

-0.18

-0.65c

0.19c

-0.10

0.21 c 

0.36c 

0.13 0.13
Gender

Self-Efficacy

Neuroticism Grade

Conscientiousness

-0.01

Model 2 - Calculus 1B

-0.05  -0.03 

-0.14

-0.74c

0.22c

-0.05

0.15 a 

0.32c 

0.28c  0.20b

Gender

Self-Efficacy

Neuroticism Grade

Conscientiousness

0.10b

Model 2 - Calculus 1

-0.21c -0.11 

-0.19a

-0.69c

0.18c

-0.16c

0.18 c 

0.43c 

FIG. 5. Model 2 path models showing the relation of gender, personality, and self-efficacy for students in Physics 2, Calculus 1A,
Calculus 1B, and Calculus 1. The number on each path is the value of the regression coefficient. The notation #1 → #2 shows the change
in the coefficient before (#1) and after (#2) the addition of the mediating variables. Compare the figure with Fig. 2 for the symbolic
variable related to each number. Note: “a” denotes p < 0.05, “b” p < 0.01, and “c” p < 0.001.
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exists because personality affected self-efficacy which
affected achievement.
The unmediated model for this analysis removes the self-

efficacy node from the path model in Fig. 2 model 1 and
was investigated in the previous section. It contains the
edges A estimated by Eq. (6), B estimated by Eq. (7), and
F, G, and I estimated by Eq. (10).
The full model in Fig. 2 model 1 forms the mediated

model containing self-efficacy. The addition of self-effi-
cacy potentially modified the effect of conscientiousness on
grade changing F to F0, neuroticism on grade changing G
to G0 and the effect of gender on grade changing I to I0.
These coefficients as well as the direct effect of self-
efficacy on grade (H) are estimated by Eq. (11).
Each of the total effects can be partitioned into a

remaining direct effect and an effect through the mediator
(SEF): F ¼ F0 þD ×H, G ¼ G0 þ E ×H, and
I ¼ I0 þ C0 ×H. The fraction of the total effect that acts
through the mediator is then calculated. The results for all
classes are shown in Table IV in the Appendix. The path
models for the analysis are shown in Figs. 3 and 4.

The total effect of gender on grade controlling for
personality (I) was small and not significant in all classes
after a Bonferroni correction was applied. Self-efficacy
modified this effect (I0) exposing a significant advantage
toward women in course grade in Calculus 1 controlling for
personality and self-efficacy. In all classes, the mediated
effect of gender on grade was more advantageous to women
than the unmediated effect.
The total effect of conscientiousness on grade controlling

for gender and neuroticism (F) was significant and at or
near the level of a small effect in all classes. This was
consistent with a substantial body of research showing the
importance of this facet in explaining academic perfor-
mance [37]. This effect was strongly mediated by self-
efficacy (F0) with the path through self-efficacy accounting
for 30%–45% of the total effect of conscientiousness on
grade. As such, a substantial portion of this facet’s effect on
academic performance can be explained by its effect on
self-efficacy. This is consistent with Bandura’s model
where the prior academic achievement experienced by
conscientious students leads to higher levels of self-
efficacy.
The total effect of neuroticism on grade (G) controlling

for conscientiousness and gender was small in all classes
and significant at the p < 0.01 level in only one class. The
addition of self-efficacy exposed a significant positive
effect of neuroticism on grade in four of the five classes;
the effect was at or near the level of a small effect.

IV. DISCUSSION

This study was conducted to investigate five research
questions. Each question will be discussed in order in this
section.

RQ1: Does self-efficacy or personality differ for men and
women in core university introductory mathematics and
physics classes? The self-efficacies of men and women
were significantly different in Calculus 1A, Calculus 1,
Physics 1, and Physics 2. The results for these courses were
consistent with Huang’s meta-analysis which showed the
self-efficacy of men was higher than women in STEM
classes [24]. The effect size for the difference in self-
efficacy for Physics 1 was reduced in Physics 2, similarly
the effect size of the difference for Calculus 1Awas reduced
in Calculus 1B and was no longer significant.
Multiple personality facets were different for men and

women in some classes. Agreeableness was significantly
different in Workshop Mathematics and Physics 1 with
women reporting higher levels of agreeableness in each of
these courses; the differences represented a small effect.
Women reported significantly higher conscientiousness in
Calculus 1 and Physics 1, a small effect. Neither openness
nor extraversion were significantly different for men and
women in any class.
Women reported significantly higher neuroticism in all

classes, a medium to large effect. These values differed by
0.4–0.6 points on a 5-point Likert scale. The observed
differences in neuroticism were similar to those reported in
a large (N > 106) nonacademic study [34]. The consistency
of the differences in this facet for all classes and compared
to a national sample suggest the difference in neuroticism is
a common feature of college age students, not a feature
specific to STEM students.
RQ2: Does gender moderate the relationships of person-

ality, self-efficacy, and achievement? No significant mod-
eration was detected in any model. The relationship of
conscientiousness and neuroticism to self-efficacy is the
same for men and women, as is the relationship of
conscientiousness, neuroticism, and self-efficacy to
achievement. As shown in Table I, both men and women
report a range of values for both the neuroticism and
conscientiousness facets. While women report, on average,
higher levels of both facets, physics and mathematics
classes contain both men and women with high or low
levels of each of these facets. As such, modifications to the
classes to reduce anxiety or to promote more conscientious
behaviors will help a broad group of students.
The failure to find significant moderation, particularly of

the neuroticism facet has another important implication.
Women report on average higher levels of neuroticism than
men. It could have been that experiencing higher levels of
anxiety was in general less important for the development
of self-efficacy for women than for men. If the moderation
coefficient, ME in Eq. (12), was significant and positive,
then the slope of the relation of neuroticism to self-efficacy
would be smaller for women than for men. If this was the
case, the higher levels of neuroticism reported by women
would be partially compensated for by a weaker effect of
neuroticism on self-efficacy. Unfortunately, this was not the
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case. The higher levels of neuroticism for women affect
self-efficacy just as much as men with higher levels of
neuroticism.
These observations suggest that physics and mathemat-

ics classes consider the levels of anxiety various class
structures generate and act to minimize the anxiety. This
would help all students predisposed to feel higher level of
anxiety, but would more strongly help women, and might
serve to lower difference in self-efficacy between men
and women.
RQ3: Does personality mediate the relationship of

gender to self-efficacy? If so, how does it mediate the
relationship? The mediation of self-efficacy by the person-
ality facets conscientiousness and neuroticism was inves-
tigated in Table II. For Calculus 1A, Calculus 1, Physics 1,
and Physics 2 the total effect (C) of gender on self-efficacy
was significant (a small effect) and fairly similar with β
ranging from 0.23 to 0.35. With neuroticism and consci-
entiousness added as mediating variables, these total effects
were reduced somewhat by 0.04–0.07 to produce remain-
ing direct effects for 0.16–0.31. Examination of the path
model showed this weak mediation partially resulted from
the competition of the two facets. The lower conscien-
tiousness of men led to lower self-efficacy accounting for
an average of 16% of the total effect (C). The lower
neuroticism of men led to higher self-efficacy accounting
for an average of 33% of the total effect.
RQ4: Does personality mediate the relationship of

gender to achievement? If so, how does it mediate the
relationship? This model is summarized in Table III. The
relation of gender to achievement was significant in only
one class, so in general the relation fails Baron and Kenny’s
test of mediation. The direct effect of gender on conscien-
tiousness was significant in three of the five classes at or
near the level of a small effect. We note the coefficients for
Calculus 1A and 1B are also near a small effect and the
failure to find a significant effect in these classes is likely
the result of the smaller sample size. The coefficient was
significant in Calculus 1A before Bonferroni correction.
The direct effect of gender on neuroticism was significant
and large in all classes at the level of medium to a large
effect. The direct effect of conscientiousness on grade was
significant and positive in all classes at the level of a small
effect. The direct effect of neuroticism on grade was
generally positive but significant in only one class. The
indirect effects through both conscientiousness and neu-
roticism were significant and negative in all classes except
Calculus 1B. The sum of these effects were −0.10 in three
of the classes; half the size of a small effect. This indicates
in general that women have an advantage in achievement
both due to higher levels of conscientiousness and neu-
roticism, reflecting a small effect in the first class in each
sequence (Calculus 1A, Calculus 1, and Physics 1).
RQ5: Does self-efficacy mediate the relationship of

personality and gender to achievement? If so, how does

it mediate the relationship? Self-efficacy could potentially
mediate the relation of three variables to achievement in
this model; the total effect of gender on grade (I), the total
effect of conscientiousness on grade (F), and the total
effect of neuroticism on grade (G). The effect of gender on
grade was small and nonsignificant in all classes; the
addition of self-efficacy exposed a significant (small effect
size) advantage to women, but only in Calculus 1.
Conscientiousness had a significant positive total effect
on grade (F) in all classes, a small effect. The β coefficients
were strongly reduced in all classes, and became insignifi-
cant in Calculus 1B; self-efficacy strongly mediated the
relation of conscientiousness to grade explaining on aver-
age 39% of the total effect. As such, a substantial part of the
effect of conscientiousness on grade can be explained by its
prior effect on self-efficacy. The total effect of neuroticism
on grade (G) was small in all classes; it was significant at
the level of a small effect only in Calculus 1. With the
addition of self-efficacy as a mediator, a significant
remaining positive direct effect (G0) was uncovered in four
or the five classes at or near the level of a small effect.
As such, higher neuroticism actually improves grades
once the negative effect of self-efficacy is accounted for.
Conscientiousness and neuroticism produced competing
indirect effects on grade by their action on self-efficacy.

V. IMPLICATIONS AND RECOMMENDATIONS

This work combined multiple well-established research
strands: the relation of anxiety to test performance, the
relation of achievement to self-efficacy, general differences
between how men and women report the tendency to
experience anxiety, general differences in conscientious-
ness between men and women, and the relation of con-
scientiousness to academic success. Together, these strands
suggest that a substantial amount of the often-reported
differences in self-efficacy between men and women may
result from competing gender differences in the tendency to
experience anxiety and the tendency to conscientiously
complete tasks. Self-efficacy has long been an important
construct in models explaining career choice and persist-
ence and is a significant contributor to academic success.
As such, variation in physics and mathematics self-efficacy
by gender may be one source of differences in the
representation of men and women in STEM fields requiring
these classes.
This work advanced a more nuanced definition of self-

efficacy for students in college science and mathematics
classes. For students just starting their journey in the
sciences, their belief they can succeed may be separate
from experiences informing that belief. Interventions that
change self-efficacy can act on those beliefs without the
confounding variable of prior success. Students in the
mathematics and physics classes studied have long expe-
rience with mathematics and science classes and generally
a history of success in those classes. Interventions to
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modify self-efficacy may change beliefs, but cannot
modify prior experiences upon which those beliefs are
grounded. As such, care should be taken as interpreting
the relation between self-efficacy and achievement as
causal as implied in Fig. 2 model 1 as opposed to
correlational as shown in model 2. An intervention
increasing self-efficacy will likely not increase grade to
the extent implied in model 1 because a substantial part of
the relation of self-efficacy to grade must result from the
relation of prior achievement to grade which informs self-
efficacy but which also affects grades.
The work presented suggests that some modification of

self-efficacy is needed. Model 2 in Fig. 2 shows that while
the higher conscientiousness of women is related to higher
grades as well as higher self-efficacy as Bandura’s model
suggests should be the case, the higher neuroticism of
women, which was also related to higher grades, was
related to lower self-efficacy.
Having identified differences in how personality

differences affect achievement and self-efficacy, and iden-
tified substantial prior academic experiences as an impor-
tant component of the academic self-efficacy of college
STEM students, one can re-examine interventions designed
to improve self-efficacy.
Positive effects on self-efficacy have been shown among

varied learners engaged in a range of intervention activities
including the development of targeted learning goals, self-
evaluation, and the incorporation of formative and
progress-based feedback. Much of this research is per-
formed with noncollege age students or in non STEM
environments. Generally, intervention work in this area
suggests that students self-efficacy can be promoted by
providing them with mastery experiences (experiences
where the student successfully complete a relevant task),
exposing them to successful models of performance, and
providing goal-oriented, formative, and positive feedback
[42]. Instructionally, the majority of previous research has
relied on the use of effective social models (peer and role
models) in demonstrating and explaining tasks [104–106]
as well as the use of models to support efficacy and strategy
instruction. Such intervention work is directly grounded in
social cognitive theory [40] and has been found to be
effective when students engage with models who are
similar to them, who admit to making errors and approach
their academic work with openness, and who demonstrate
coping strategies in the face of academic challenges [27].
These considerations are imposing given that gender
disparities in physics are due in part to there being few
female role models in physics academic communities [2].
In addition, it has been shown that other sources of self-
efficacy identified in Bandura’s work such as vicarious

learning (watching others perform a relevant task) and
social persuasion (support from others that you can perform
a relevant task) have positively predicted the success of
women in introductory physics courses [50]. Therefore, it
may be productive to shift our attention from a mastery
experience intervention within courses to other interven-
tions that would impact these specific sources of self-
efficacy. It could be possible that these could reduce
levels of anxiety and, in turn, reduce the gender gap in
self-efficacy.
Similar research in engineering has found that the use of

classroom interventions focused on peer modeling and the
role of engineering in effecting positive change in society
resulted in significant increases in female students’ positive
perceptions of engineering and engineering self-efficacy
[107]. Such course-based intervention efforts align with
previous research in physics showing that an instructional
emphasis on applying physics to the solving of real-world
problems resulted in improved conceptual understanding
for women and positively predicted physics identity for
both men and women [14,108].
In the context of physics, research has also found that

women demonstrated improved physics self-concept and
efficacy beliefs when they adopted a malleable view of
intelligence and ability and when they engaged in
communal learning environments that emphasized small
group interaction, discussion, and hands-on activities
[2,10]. Further, research by Lock and Hazari [1] found
that the development of female students’ physics identity
was promoted by explicit, classroom-based discussions of
the underrepresentation of women in science. Taken
together, the results of this research have implications
for the development of course-based intervention supports
aimed to promote underrepresented students’ positive
and productive attitudes and beliefs about learning
physics [57].
Taken as a whole, the substantial work on interventions

provides a means to mitigate self-efficacy differences
between men and women after they develop. The combi-
nation of the positive effects of neuroticism on grades and
the negative effect on self-efficacy suggest that men and
women are processing the results of prior academic
achievement differently partially because they feel differing
levels of anxiety during the experience and toward future
experiences. The identification of anxiety as a factor in the
development of self-efficacy differences may allow a
different strand of research that seeks modifications to
existing educational structures to prevent self-efficacy
differences by gender from emerging. If a tendency to
experience anxiety is a substantial factor contributing to
differences in self-efficacy, then, to promote inclusion,
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instructional structures should be examined to determine
how they can be modified to reduce anxiety. This may
involve modifying how assignments are constructed, how
they are evaluated, how examinations are constructed, and
how examinations are given. Some pedagogical practices
such as randomly calling on students to elicit opinions on
problems may need to be reevaluated. Researchers have
previously examined postsecondary physics and chemistry
curricula [109,110] and we guide the reader to those articles
for specific recommendations. In addition, related fields
such as chemistry and biology where fewer gendered
differences in self-efficacy are reported and differences
in representation are lower may offer models.

VI. LIMITATIONS

This work was performed at a single research university
in calculus and calculus-based physics classes. Additional
research at other institutions including primarily teaching
focused institutions with different student populations is
needed to understand if the results obtained in this research
can be generalized to represent physics students nationally.
Additional research should also investigate algebra-based
physics classes. Further, this study used a single observa-
tion of self-efficacy collected midsemester. Multiple mea-
surements taken at different times during the semester and
longitudinally in different classes would allow a more
thorough characterization of the recursive development of
self-efficacy predicted by Bandura’s model. The study also
captures generally self-efficacy toward the class; this self-
efficacy could be differentiated between differing tasks
within the class.

VII. CONCLUSIONS AND FUTURE RESEARCH

This study identified differences in personality as a
potential origin for the differences in the self-efficacy
beliefs of men and women in physics and mathematics
courses. Personality may also explain differences often
reported for men and women in engineering classes; most
of the students in the current study were engineering
majors. Similar differences in self-efficacy are not reported
in chemistry and biology while the students in these classes

almost certainly also have the same differences in con-
scientiousness and neuroticism reported in this study.
Future research should be conducted to understand the
features of course environments that both promote and
constrain the development of students’ physics and math-
ematics self-efficacy beliefs. Beyond these possible direc-
tions, a qualitative study could shed further light on the
self-efficacy difference of men and women in physics
classes.
This work examined the conscientiousness and neuroti-

cism facets of the five-factor model of personality and self-
efficacy towards physics and mathematics for students in
introductory physics and mathematics classes. Women
reported substantially higher neuroticism in all courses
studied, near a large effect. This was consistent with the
results of a large national study suggesting the result is
general. Women also reported higher conscientiousness
and lower self-efficacy in many of the classes studied, small
effects. Neuroticism mediated the relation of gender to self-
efficacy substantially in most classes; the path through the
mediator explained from 25% to 47% of the total effect.
Conscientiousness mediated the effect of gender on self-
efficacy more weakly explaining for 12%–23% of the total
effect.
The relation of personality to self-efficacy and self-

efficacy to course grade was generally consistent for men
and women; significant moderation was not measured in
any class. As such, the negative relation of neuroticism to
self-efficacy is the same for men and women.
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APPENDIX: FULL REGRESSION AND
MEDIATION ANALYSIS

This appendix presents the full mediation tables for all
classes. Beyond the values represented in the path models,
these tables also present the percentage of each effect that
acts through each mediating pathway.
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TABLE II. The mediation by neuroticism and conscientiousness of the relation of gender to self-efficacy. The regression coefficient β
and its standard error (SE) are presented. Women are coded as zero, men as one. For indirect effects, the product of the path coefficients
βiβj is presented and the standard deviation (SD) of the product. Conscientiousness is abbreviated Cns, neuroticism Nrt, and self-
efficacy SEF. Note that “a” denotes p < 0.05, “b” p < 0.01, and “c” p < 0.001. A Bonferroni correction was applied to the significance
levels.

Calculus 1A Calculus 1B Calculus 1 Physics 1 Physics 2

β SE β SE β SE β SE β SE

Total effect and remaining effect

Gender → SEF (C) 0.27b 0.07 0.13 0.08 0.28c 0.05 0.35c 0.05 0.23b 0.06
C ¼ C0 þ A ×Dþ B × E

Gender → SE (C0) 0.23 0.08 0.13 0.09 0.20b 0.05 0.31c 0.05 0.16 0.06

Direct effects

Gender → Cns (A) −0.18 0.07 −0.14 0.08 −0.19a 0.05 −0.32c 0.05 −0.19a 0.06
Gender → Nrt (B) −0.65c 0.05 −0.74c 0.08 −0.69c 0.05 −0.67c 0.05 −0.62c 0.06
Cns → SEF (D) 0.19c 0.05 0.22c 0.04 0.18c 0.03 0.16c 0.02 0.20c 0.03
Nrt → SEF (E) −0.10 0.04 −0.05 0.05 −0.16c 0.03 −0.14c 0.03 −0.17c 0.03

Indirect effects

βiβj SD βiβj SD βiβj SD βiβj SD βiβj SD
Gender → Cns → SE (A ×D) −0.03c 0.01 −0.03c 0.02 −0.03c 0.01 −0.05c 0.01 −0.05c 0.01

% of Total effect (A ×D=C) −12.9% −22.9% −12.0% −14.4% −16.4%
Gender → Nrt → SE (B × E) 0.07c 0.03 0.04c 0.03 0.11c 0.02 0.09c 0.01 0.11c 0.01

% of total effect (B × E=C) 24.9% 26.6% 39.0% 26.7% 46.5%

TABLE III. The mediation by neuroticism and conscientiousness of the relation of gender to grade. The regression coefficient β and its
standard error are presented. Women are coded as zero, men as one. For indirect effects, the product of the path coefficients βiβj is
presented and the standard deviation of the product. Conscientiousness is abbreviated Cns, neuroticism Nrt, and self-efficacy SEF. Note
that “a” denotes p < 0.05, “b” p < 0.01, and “c” p < 0.001. A Bonferroni correction was applied to the significance levels.

Calculus 1A Calculus 1B Calculus 1 Physics 1 Physics 2

β SE β SE β SE β SE β SE

Total effect and remaining effect

Gender → Grade (IT) 0.05 0.08 −0.05 0.08 −0.21c 0.05 0.01 0.05 −0.15 0.06
IT ¼ A × F þ B × Gþ I

Gender → Grade (I) 0.15 0.08 −0.03 0.09 −0.11 0.06 0.12 0.06 −0.10 0.06

Direct effects

Gender → Cns (A) −0.18 0.07 −0.14 0.08 −0.19a 0.05 −0.32c 0.05 −0.19a 0.06
Gender → Nrt (B) −0.65c 0.05 −0.74c 0.08 −0.69c 0.05 −0.67c 0.05 −0.62c 0.06
Nrt → Grade (G) 0.09 0.04 −0.01 0.05 0.10b 0.05 0.06 0.03 0.02 0.03
Cns → Grade (F) 0.21c 0.04 0.15a 0.04 0.18c 0.03 0.20c 0.02 0.18c 0.03

Indirect effects

βiβj SD βiβj SD βiβj SD βiβj SD βiβj SD
Gender → Cns → Grade (A × F) −0.04c 0.02 −0.02c 0.02 −0.04c 0.01 −0.06c 0.01 −0.03c 0.01
Gender → Nrt → Grade (B × G) −0.06c 0.02 0.01 0.04 −0.06c 0.02 −0.04c 0.02 −0.01c 0.02
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