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Prior research shows that gender differences in self-efficacy and test anxiety can predict students’ course
performance. Although there has been research that uses test anxiety and self-efficacy to predict student grades,
no study to our knowledge has investigated this in the context of low- and high-stakes physics assessments. In
this work, we used survey data and grade information to compare the predictive power of self-reported self-
efficacy and test anxiety on low-stakes (e.g., homework and quizzes) and high-stakes (e.g., traditional exams)
assessment scores in a traditionally taught large introductory physics course. We found that there are gender
differences in both self-efficacy and test anxiety, as well as in high-stakes assessment outcomes. There were no
gender differences in low-stakes assessment scores. Further, we found that models that control for self-efficacy
and/or test anxiety eliminate the predictive power of gender for high-stakes assessment scores. Finally, we found
that self-efficacy partially mediates the effect of test anxiety on high-stakes assessment outcomes. These trends
suggest that teaching methods that alleviate test anxiety have the potential to create a more equitable learning
environment.
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I. INTRODUCTION

Several prior studies have investigated gender differences
in introductory physics course performance [1–3]. Some of
the differences found can be attributed to factors that affect
women before they enter college classrooms, like societal
stereotypes about who belongs in physics [4]. These stereo-
types also impact differential encouragement and opportunity
for women and men to take math and physics at the pre-
college level, which can lead to differences in prior prepa-
ration [5]. Gendered performance differences can also be at-
tributed to differences in motivational beliefs about physics
between male and female students (which can again at least
partly be attributed to societal stereotypes about physics) [6–
10, 12, 13]. Two factors that have been linked to gender dif-
ferences in performance are test anxiety (TA) [12, 13] and
self-efficacy (SE) [6–10].

Test anxiety is a phenomenon with three facets: cogni-
tive, affective, and behavioral. The cognitive facet consists
of worry and self-preoccupation (e.g., thinking about one’s
perceived shortcomings instead of the task at hand), as well
as intrusive thoughts of failure, all of which limit the time
and cognitive resources students with test anxiety can devote
to the assessment [14]. The affective facet of TA affects how
students feel when they have test anxiety, for example, a fast
heartbeat or "butterflies in their stomach" [14]. The behav-
ioral aspect of test anxiety manifests in avoidance techniques,
such as procrastination or interacting only with surface-level
feedback after the exam (e.g., not examining mistakes closely
to make a plan for future improvement) [14, 15].

Test anxiety can affect students in different ways: one stu-
dent may have strong study skills but be unable to concentrate
due to physiological manifestations of test anxiety, another
may feel extremely anxious because they lack study skills
to succeed in exams, and a third student can have their own
unique experience with test anxiety very different from the
other two [14]. Ideally, educators will find ways to provide all
students the environment they need to succeed in assessments
without the burden of test anxiety, but this may require a mul-
tifaceted approach to meet different students’ needs. Women
are more likely to report test anxiety than men [14, 16], so
understanding test anxiety is vital to create equitable learning
environments.

Self-efficacy is one’s belief in their capability to succeed at
an activity or subject [16, 17], and has been linked to positive
outcomes for physics students [6–10]. Self-efficacy is devel-
oped through four mechanisms: mastery experiences, such
as overcoming obstacles; social modeling, or people similar
to oneself succeeding; social persuasion, encouragement to
increase resolve and measure success via personal improve-
ment; and emotional states, such as management of anxiety
[17]. Female students tend to have lower self-efficacy than
male students in physics [6–11]. Prior research has attributed
this to many related factors alluded to earlier, e.g., women are
less likely to have the same level of previous mastery expe-
riences as men (because they are less likely to take advanced
physics in high school [5]), they have few role models due

to under-representation of women in physics [5, 11], and they
are less likely to receive encouragement that they can succeed
in physics from family [4], instructors [11, 18], and society
at large [19]. Because self-efficacy allows students to de-
velop coping mechanisms that could thwart test anxiety [16],
we hypothesize that students with high self-efficacy will also
have low test-anxiety.

To explore how test anxiety and self-efficacy predict stu-
dents’ performance in different situations, we compare fe-
male and male students’ performance on low-stakes and high-
stakes assessments. Here, low-stakes assessments are those
that make up a small portion of a students’ grade. High-stakes
assessments are individual assessments that make up a large
portion of students’ grade (e.g., traditional exams [13]). In
this paradigm, ten assessments that each make up five per-
cent of a student’s grade would be relatively low-stakes, while
a single assessment that makes up fifty percent of a student’s
grade would be high-stakes, even if the content was identical
between the assessments. We hypothesize that test anxiety
and self-efficacy will more strongly predict high-stakes than
low-stakes assessment outcomes.

In this study, we investigate the relationship between gen-
der, low- and high-stakes assessment outcomes, test anxiety,
and self-efficacy. Specifically, we aim to answer the follow-
ing questions:
RQ1. Are there gender differences in students’ prior prepara-

tion, self-efficacy, or test anxiety?
RQ2. Are there gender differences in students’ low- and

high-stakes assessment scores?
RQ3. Are self-efficacy and test anxiety independent predic-

tors of assessment scores?
RQ4. Does gender predict scores in low- or high-stakes as-

sessments when controlling for self-efficacy or test
anxiety?

II. METHODOLOGY

This study took place at a large research University in the
United States. We administered a motivational survey to stu-
dents in an introductory calculus-based physics I course dur-
ing the first and last week of the semester. We call the first
and final data sets "pre" and "post", respectively. For analy-
sis, we longitudinally matched students (N = 176), including
only students who completed both surveys. The traditional
lecture-based course was taught by four instructors and pri-
marily covered Newtonian mechanics. Most students were
engineering and physical science majors. Students were ei-
ther given extra credit or a participation grade for taking the
survey, depending on the instructor.

Demographic data and prior academic information - for ex-
ample, Scholastic Achievement Test (SAT) scores and high
school grade point averages (HS GPAs) - were acquired from
de-identified university records via an honest broker. Amer-
ican College Testing (ACT) scores were converted into ap-
proximate SAT scores [20]. Demographic data indicated
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our sample was 37% women. We recognize that gender
is not binary, but are unable to reflect this in our work
with the available data. Students identified with the fol-
lowing races/ethnicities: 72% White, 14% Asian, 7% His-
panic/Latinx, 4% multiracial, 2% African American/Black,
and 1% unspecified. The majority (80%) of students in the
sample were first-semester first year students, and 60% of
them were engineering majors. Outside of engineering, most
students were undeclared or studying a physical science.

Academic performance measures were provided by in-
structors. These measures included assessment scores for
homework, quizzes, midterm exams, and final exams. For
analysis, we divided these into two groups: "low-" and "high-
stakes" assessments. The low-stakes assessment measure
combined quiz and homework grades, while high-stakes as-
sessment measure combined midterm and final exam grades.
Homework grades were only available for 74% of students,
but other assessment scores were available for the whole sam-
ple. Before averaging, all assignments were normalized to a
10-point scale.

The TA survey questions were adapted from the previously
validated [21, 22] Motivated Strategies for Learning Ques-
tionnaire [23]. To ensure we were measuring domain-specific
mindset, we explicitly mentioned physics in the survey items,
as seen in Table I. For example "I have an uneasy, upset feel-
ing when I take an exam," becomes "I have an uneasy, up-
set feeling when I take a physics test". SE survey questions
were constructed from other surveys and previously validated
[6, 7]. We further validated the survey through twenty one-
hour student interviews to ensure that students interpreted
questions as intended. Additionally, we performed confirma-
tory factor analysis (CFA) using the students in this study
as a check for continued validity. For both pre and post-
surveys, the Comparative Fit Index (CFI) and Tucker Lewis
Index (TLI) were ≥ 0.95 [24], and the Root Mean Square Er-
ror of Approximation (RMSEA) was ≤ 0.08 [25], and the
Standardized Root Mean Square Residual (SRMR) was ≤
0.06 [24]. Standardized factor loadings ranged from 0.62-
0.88 [24]. Chronbach’s α was 0.75 and 0.81 for self-efficacy
pre and post; while α was 0.88 and 0.90 for test anxiety pre
and post. We found Pearson correlations between all vari-
ables. The weakest correlations were non-significant, while
the strongest correlation was r = 0.60 (p < 0.001), between
post test anxiety and post self-efficacy.

Test anxiety items were on a five-point Likert scale scale
(1-Not at all true, 2-A little true, 3-Somewhat true, 4-Mostly
true, 5-Completely true) and self-efficacy questions were on
a four-point Likert scale (1-NO!, 2-no, 3-yes, 4-YES!). A
higher score indicates the student has more test anxiety or
higher self-efficacy.

Before conducting any analysis, SAT scores, HS GPAs,
assessment scores, test anxiety and self-efficacy scores were
winsorized to two standard deviations from the mean (in order
to maintain the direction of outliers while eliminating extreme
values [26]). To determine if there were gender differences in
pre and post- TA, as well as assessment scores and prior aca-

TABLE I: The physics test anxiety (TA) and self-efficacy
(SE) items on the survey.

Item No. Item Text
TA 1 I am so nervous during a physics test that I cannot re-

member what I have learned.
TA 2 I have an uneasy, upset feeling when I take a physics test.
TA 3 I worry a great deal about physics tests.
TA 4 When I take a physics test, I think about how poorly I

am doing.
SE 1 I am able to help my classmates with physics in the lab-

oratory or in recitation.
SE 2 I understand concepts I have studied in physics.
SE 3 If I study, I will do well on a physics test.
SE 4 If I encounter a setback in a physics exam, I can over-

come it.

demic preparation, we performed unpaired t-tests and calcu-
lated the Cohen’s d between groups. Cohen’s d is a measure
of effect size, and we used the following standards: small,
d ∼ 0.2; medium, d ∼ 0.5; and large, d ∼ 0.8 [27].

Next, we conducted a mediation analysis of test anxiety
and high-stakes assessment grades, using self-efficacy as a
mediator. This model was chosen because self-efficacy had
the largest Pearson correlation with test anxiety compared
to all other variables. All involved variables were z-scored
so the regression weights were standardized. Mediation was
conducted in R using the bootstrap method with 1000 simu-
lations [28].

Finally, to explore the predictive relationships between test
anxiety and assessment outcomes, we used multiple regres-
sion analysis. For each regression model, we report the stan-
dardized β coefficients, sample size, and R-squared. Stan-
dardized coefficients were used because they are in units of
standard deviation and allow for direct comparison of effects
[27]. We initially used gender, SAT math scores, and HS GPA
as predictors for low- and high-stakes assessment scores. Af-
ter establishing baseline models, we introduced pre-TA or the
average TA as predictor variables. Average test anxiety is the
mean of pre and post test anxiety, and was used as a proxy for
students’ test anxiety while they were taking the course. Dur-
ing regression analysis, we used combined assessment cat-
egories (e.g., low- and high-stakes assessments), but results
were similar when the categories were separated. For exam-
ple, the regression models predicting low-stakes assessment
scores were similar to both the models predicting quiz grades
and those predicting homework grades.

III. RESULTS AND DISCUSSION

Are there gender differences in students’ prior prepa-
ration, self-efficacy, or test anxiety? Both measures of prior
preparation had gender differences (see Table II). SAT math
scores were higher for men, while high school GPAs were
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higher for women. This suggests that in this group of stu-
dents, women generally had more developed general aca-
demic skills and self-regulatory behavior, while men, on av-
erage, had higher levels of math problem-solving skills at the
time of admission [29].

Table II also shows that women reported higher levels
of test anxiety than men, but lower levels of self-efficacy.
For self-efficacy, the gender differences grew from small to
medium over the semester; the test anxiety gender gap also in-
creased, but maintained a large effect size. This is consistent
with other studies that find gender differences in self-efficacy
[7, 10] and test anxiety [12] in the physics context.

TABLE II: Means (M) and standard deviations (SD) of
academic and motivational factors by gender. Cohen’s d is
negative when men have a higher score than women. ∗ = p <
0.05, ∗∗ = p < 0.01, and ∗∗∗ = p < 0.001.

Variable Women Men dM SD M SD
SAT Math (200-800) 691 55 718 51 -0.51∗∗

HS GPA (0-5) 4.22 0.33 4.18 0.33 0.13
TA Pre (1-4) 2.83 1.02 2.11 0.79 0.82∗∗∗

TA Post (1-4) 3.15 0.99 2.29 0.89 0.93∗∗∗

SE Pre (1-4) 3.03 0.44 3.24 0.43 -0.49∗∗

SE Post (1-4) 2.82 0.48 3.18 0.47 -0.75∗∗∗

Homework (0-10) 9.16 0.52 9.04 0.59 0.19
Quiz (0-10) 9.36 0.58 9.48 0.46 -0.22
Midterm Avg. (0-10) 7.30 1.13 8.01 1.18 -0.61∗∗∗

Final Exam (0-10) 5.50 1.73 6.41 1.75 -0.53∗∗∗

Are there gender differences in students’ low- and high-
stakes assessment scores? From Table II, homework and
quiz grades show no significant gender difference, while
midterm and final exams have significant medium differ-
ences. Although grade schemes differed by instructor, all
courses had grades based primarily on midterm and final
exam scores. Because research suggests women are more
likely than men to leave STEM fields due to concerns about
grades (even if they have an A or B average) [30], women’s
significantly lower exam scores may contribute to the loss of
women from majors, like engineering, that require introduc-
tory calculus-based physics.

Are self-efficacy and test anxiety independent predic-
tors of assessment scores? The relationship between average
self-efficacy and test anxiety is explored in a mediation model
(see Figure 1). This model tests if average self-efficacy me-
diates the relationship between test anxiety and high stakes
assessment scores, and was statistically significant. The Av-
erage Mediation Effect (AME) was -0.19 (p < 0.001), with
a confidence interval of [-0.29,-0.09]. The average direct ef-
fect (ADE) was -0.24, p = 0.006 and the total direct effect
(TDE) was -0.43, p < 0.001. Mediation models were similar
for men and women when tested separately, so we combined
them to maximize our sample size.

The model in Figure 1 suggests that test anxiety is par-

(a) Model without self-efficacy.

(b) Model including self-efficacy.

FIG. 1: Mediation model results: average self-efficacy
mediates the relationship between average test anxiety and
high-stakes assessment scores. Line thickness corresponds
to the standardized regression coefficient size. N = 181.

tially mediated by self-efficacy. Direct effects of test-anxiety
on high-stakes assessment grades may be because test anx-
iety affects test performance directly by taking up students’
cognitive resources during assessments [31]. Additionally,
Bandura [16] theorized that poor performance and anxiety are
"co-effects" of low self-efficacy, which may explain the medi-
ation effect. Heightened self-efficacy and reduced test anxiety
likely form a virtuous cycle wherein students’ development of
coping mechanisms (for example, stress-reduction techniques
and explicitly rehearsing strategies for academic challenges)
increase their self-efficacy, and increased self-efficacy frees
students’ cognitive resources to focus on the task at hand and
better implement coping strategies [16, 32].

Importantly, the relationship between test anxiety, self-
efficacy and high-stakes assessments is similar for women
and men. Prior work has shown similar results: anxiety af-
fects academic self-efficacy similarly for men and women
[33], but women tend to have lower self-efficacy than men
regarding physics [6–10].

Does gender predict scores in low- or high-stakes as-
sessments when controlling for self-efficacy or test anxi-
ety? Tables III and IV show the results of our eight regression
models predicting low- and high-stakes assessments, respec-
tively. Each of the models use the variables in the far left
column to predict the outcome variable (e.g., low- or high-
stakes assessment scores). The strength of each predictor,
controlling for all other predictors in the model, is given by
the standardized β coefficient [27].

In Models 1-4 (see Table III, gender is not a significant
predictor of low-stakes assessment scores, so there is no dif-
ference in motivational factors to account for. Only HS GPA
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and and pre-SE were significant predictors of low-stakes as-
sessment outcomes. However, pre-SE was only a predictor
when pre-TA was also included, as in Model 4 (as opposed
to Models 2-3, which include TA and SE separately). How-
ever, SE is unlikely to have real-world effects on students’
low-stakes assessment outcomes; all of the models in Table
III explain only small amounts of the variance. Average TA
and SE were not significant predictors (alone or together).

TABLE III: Standardized β coefficients of regression models
predicting low-stakes assessment scores. N = 131, "F" and
"M" refer to female and male students. Significant predictors
are bold. ∗ = p < 0.05, ∗∗ = p < 0.01, and ∗∗∗ = p < 0.001.

Predictor Regression Coefficient (β)
Model 1 Model 2 Model 3 Model 4

Gender (F=1, M=0) 0.01 -0.03 0.04 0.00
SAT Math 0.19∗ 0.19∗ 0.19∗ 0.20∗

HS GPA 0.11 0.11 0.12 0.12
Test Anxiety Pre 0.07 0.16
Self-Efficacy Pre 0.16 0.22∗

R2 0.03 0.03 0.05 0.06

Regression models predicting high-stakes assessments are
found in Table IV. Model 5 shows that women have lower
scores than men on high-stakes assessments when controlling
for SAT math scores and HS GPA. Therefore, more factors
are needed to account for this discrepancy. Pre SE and TA
were not significant predictors, so models that included them
did not account for the gender difference. However, includ-
ing average TA (as in Model 6) or average SE (as in Model
7) renders the gender effect non-significant, suggesting that
both TA and SE can explain some of the gendered perfor-
mance differences in this class. If both average TA and SE
are included, as in Model 8, TA becomes non-significant.

Prior work has found similar results: both TA and SE are
significant, but TA does not explain more variance than SE
alone, and TA becomes non-significant when SE is included
[12]. These similarities suggest that differences in both test
anxiety and self-efficacy are widespread in physics.

TABLE IV: Standardized β coefficients of regression models
predicting high-stakes assessment scores. N = 176, "F" and
"M" refer to female and male students. Significant predictors
are bold. ∗ = p < 0.05, ∗∗ = p < 0.01, and ∗∗∗ = p < 0.001.

Predictor Regression Coefficient (β)
Model 5 Model 6 Model 7 Model 8

Gender (F=1, M=0) -0.20∗∗ -0.09 -0.08 -0.05
SAT Math 0.46∗∗∗ 0.42∗∗∗ 0.43∗∗∗ 0.41∗∗∗

HS GPA 0.23∗∗∗ 0.23∗∗∗ 0.25∗∗∗ 0.24∗∗∗

Test Anxiety Avg -0.26∗∗ -0.10
Self-Efficacy Avg 0.37∗∗ 0.32∗∗

R2 0.38 0.43 0.49 0.49

IV. CONCLUSION AND FUTURE DIRECTIONS

Our results show that there are gender differences in stu-
dents’ self-efficacy and test anxiety. When controlling only
for prior preparation, there is also a gender gap in high-stakes
assessment scores, which becomes non-significant when con-
trolling for self efficacy and/or test anxiety. Lastly, self-
efficacy mediates the relationship between test anxiety and
high stakes assessment scores. From these findings we con-
clude that physics classrooms have the potential to become
more equitable for women if instructors focus on giving stu-
dents the support they need to enter a cycle of increasing self-
efficacy and decreasing test anxiety.

Educators should maintain high standards while providing
students the tools and scaffolding support they need to be-
come independent learners, utilizing frequent feedback [16].
The student sample in this study was 80% first-semester
college students, who may be new to exams that make up
the majority of their course grade. Implementing frequent,
low-stakes assessment (for example, weekly or biweekly ex-
ams) can give students many attempts to practice test-taking
and study skills and gives ample opportunity for feedback
[34, 35]. It also can space the practice (instead of cramming
right before the exams, students will study more uniformly)
which can lead to better retention of content and better skill
development [36]. This can create a more equitable class-
room environment by minimizing fears that come with test
anxiety (e.g., receiving a low course grade due to one bad
exam score) but also helps students develop the skills they
will need if and when they encounter high-stakes exams in
the future. In addition, instructors should decrease the im-
portance of traditional exams in final course grades, while
increasing the importance of clicker questions, homework,
projects, and other assessments. A broad range of assess-
ments should be implemented throughout the course, both to
give students frequent feedback and opportunities to master
content [35, 37].

This study mirrors results seen in other disciplines and in-
stitutions [12, 13]. As we collect more data, we want to in-
clude intersectional analysis to understand the relationship
between gender, race, test anxiety, and self-efficacy. Addi-
tionally, we are interested in how test anxiety affects students
in other contexts, e.g., at minority-serving institutions, com-
munity colleges, and institutions with small class sizes or in
courses in which there is explicit attempt to make the learning
environment equitable and inclusive.
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