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ABSTRACT

Despite the existent gender parity in undergraduate biology degree attainment, gendered
differences in outcomes are prevalent in introductory biology courses. Less is known about
whether these disparities persist at the upper-division level, after most attrition is assumed
to have occurred. Here, we report the consistent presence of gender equity gaps across 35
offerings (10 years) of a large-enrollment upper-division biology course at a research-in-
tensive public university. Multilevel modeling showed that women's grades were lower
than men's, regardless of prior GPA. These gender gaps were present even when con-
trolling for students’ race/ethnicity, socioeconomic status, first-generation college-going
status, international status, and transfer status. Class size, gender representation in the
classroom, and instructor gender did not significantly relate to course grades. Student
questionnaires in a subset of offerings indicated gendered differences in course anxiety,
science identity, and science self-efficacy, which correlated with grade outcomes. These
results suggest that women experience differential outcomes in upper-division biology,
which may negatively influence their persistence in STEM fields postgraduation. Our find-
ings suggest that gender disparities are a systemic problem throughout the undergraduate
biology degree and underscore the need for further examination and transformation of
upper-division courses to support all students, even at late stages of their degrees.

INTRODUCTION

Women remain underrepresented in the science, technology, engineering, and math-
ematics (STEM) workforce, despite decades of diversification efforts. This disparity is
already present at the undergraduate level, where men continue to enroll and gradu-
ate in STEM majors at a higher rate than women (De Brey et al., 2021). The main
exception to this binary gender (hereafter, “gender”)! disparity is the life sciences,
where in 2019, 63% of bachelor’s degrees and 50% of doctoral degree recipients were
women (De Brey et al., 2021). However, inequities in the life sciences become evident
at the postgraduate level, with women being underrepresented in both postdoctoral
(43%) and tenure-track professor positions (31%) (De Brey et al., 2021). The dispar-
ity at the professorial level increases as one goes up the ladder rank, with women
comprising only 26% of full professors in the discipline. This disconnect between grad-
uation and workforce parity is not unique to life sciences in academia; in medicine,
women outnumber men as medical school matriculants, yet make up only 36% of
practicing physicians (AAMC, 2018, 2019).

Most studies on gender representation and discrimination to date compare binary genders (i.e., cisgender men
and women), and do not consider transgender, non-binary, gender queer, or gender nonconforming individu-
als. These studies, like ours, are often limited to quantitative data collected by the universities in a binary
manner, rather than information on how participants self-identify. To be consistent with prior literature, we
use the terms “gender” to mean a binary comparison between “men” and “women”, acknowledging these terms
do not necessarily represent subjects’ actual gender identities.
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The dwindling representation of women in the life sciences
workforce as one advances in positions is likely the result of a
complex process of gender discrimination and bias that starts at
the K-12 levels (Kanny et al., 2014; Kuchynka et al., 2022) and
continues throughout college (Kanny et al., 2014), job searches
(Eaton et al., 2020; Friedmann and Efrat-Treister, 2023), pub-
lication acceptance and citations (Fox and Paine, 2019; Ross
et al.,, 2022), grant funding rates (Hechtman et al., 2018;
Chaudhary et al., 2021), and more. Gender inequities during
college may be particularly deleterious, as this is when students
are developing their professional identity and academic
self-concept (Eccles and Wigfield, 2020). Such inequities have
been described in classroom participation (Eddy et al., 2014;
Aguillon et al., 2020; Bailey et al., 2020; Nadile et al., 2021),
evaluation or assessment of ability by peers (Grunspan et al.,
2016; Bloodhart et al., 2020), and levels of anxiety (Misra and
McKean, 2000; Ballen et al., 2017; Cooper et al., 2023). These
inequitable experiences for women may lead to gender dispari-
ties such as those seen in assessment outcomes like exam per-
formance (Eddy et al., 2014; Wright et al., 2016; Ballen et al.,
2017) and course grades (Matz et al., 2017; Malespina and
Singh, 2023). These experiences are not unique to cisgender
women, as nonbinary and transgender students also experience
bias and discrimination in the STEM classroom (Garvey and
Rankin, 2015; Casper et al., 2022). For example, students of
queer genders recount experiences of exclusion and lack of
safety for their identities in biology classrooms, reducing their
sense of belonging and interest in STEM fields (Casper et al.,
2022). As evidence of this effect, transgender and gender non-
conforming students are more likely to leave STEM majors than
their cisgender peers (Maloy et al., 2022), a pattern is also seen
in cisgender women compared with men (Koch et al., 2022).

Studies examining binary gender disparities in student out-
comes in biology courses have focused mostly on large, intro-
ductory “weed-out” or “gateway” courses (e.g., Eddy et al.,
2014; Freeman et al., 2014; Ballen et al., 2017; Wilton et al.,
2019). This research underscores the importance of introduc-
tory coursework, as students’ early experiences and outcomes
have impacts on their persistence in STEM (Seymour and
Hewitt, 1997; Ost, 2010). These studies have focused on peda-
gogical (e.g., assessment types: Cotner and Ballen, 2017; active
learning structures: Wilton et al., 2019) and environmental fac-
tors (e.g., class size: Ballen et al., 2018; Bailey et al., 2020)
within the classroom, as well as student-affective factors that
may relate to the observed gendered equity gaps at the intro-
ductory biology level (Eddy and Brownell, 2016) (e.g., test anx-
iety: Ballen et al., 2017; Harris et al., 2019; Salehi et al., 2019).
In contrast to the abundance of research on these factors in
lower-level courses, very little is known about equity gaps and
the structural, institutional, course-level, and student-level fac-
tors that may be associated with them in upper-division courses.

An argument can be made that at many large institutions,
upper-division biology courses, especially those required for
graduation in the major, have characteristics that can lead to
them serving as additional “gateway” or “weeder” courses,
impacting retention of students. While it is often assumed that
upper-division coursework entails small enrollment seminars or
elective courses covering narrow topics, many required courses
for life science majors can be large (>100 students per offering)
and because of this, less personal, typically taught through
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lecture-only formats and assessed through high-stakes exams
(see examples in Creech and Sweeder, 2012). Thus, these
courses share many of the attributes of lower division STEM
courses that have been shown to be particularly detrimental to
women’s performance. First, perceived representation in the
classroom and instructional team matters to students, as
women tend to receive higher grades when classes are instructed
by women, and when the class has a large percentage of women
(Bailey et al., 2020; Bowman et al., 2022). Second, stereotype
threat may affect women’s performance on exams as they grap-
ple with negative messages about women’s aptitudes for or
belonging in science (Appel et al., 2011). Stereotype threat may
be increased by grade penalties? faced earlier in the major and
may compound as students advance to higher level courses.
Women tend to receive lower grades in large STEM lecture
courses relative to their non-STEM courses than men (Matz
et al., 2017; Witteveen and Attewell, 2020), which may lead to
lowered feelings of scientific self-efficacy and discouragement
from STEM majors. Third, assessment type can contribute to
gender gaps, as women tend to perform better on low-stakes
assignments than high-stakes exams with challenging question
structures (Wright et al., 2016; Ballen et al., 2017; Cotner and
Ballen, 2017) and report higher test anxiety than men (Ballen
etal., 2017; Salehi et al., 2019). Lastly, large class size has been
associated with lower grades for women (Ballen et al., 2018;
Odom et al., 2021). Given these shared factors, gendered equity
gaps may perpetuate beyond introductory biology into the
upper-division coursework.

There are only a limited number of studies on gendered
equity gaps in biology that include upper-division courses
(Salehi et al., 2019; Bailey et al., 2020; Malespina and Singh,
2023) and even fewer that focus on upper-division biology spe-
cifically (Rauschenberger and Sweeder, 2010; Creech and
Sweeder, 2012). Across these five studies, there is mixed evi-
dence for gendered grade disparities. Using multilevel model-
ing, Rauschenberger and Sweeder (2010) found that women
had lower predicted grades than men in biochemistry courses
when controlling for academic factors such as prior GPA, pre-
requisite course enrollment, and major. Creech and Sweeder
(2012) extended this work to multiple biology and chemistry
courses and found similar trends; models predicted significantly
lower grades for women in nine out of 12 courses examined.
Other studies, however, did not uncover similar gendered equity
gaps. In upper-division zoology and evolution courses, no gen-
der disparities in exams or overall course grades were found,
despite being present in introductory biology at that institution
(Salehi et al., 2019). Similarly, Malespina and Singh (2023)
found no significant difference in grade anomaly (i.e., the differ-
ence between course grade and prior GPA) between men and
women in the two upper-division biology courses that they
examined, while they were present in several lower division
courses. Salehi et al. (2019) offer a few possible explanations for

Grade penalties refer to student grades that are lower than what one may expect
given the student's overall performance in other courses (Koester et al., 2016;
Matz et al., 2017). Specifically, grade anomalies are calculated as the student's
grade in the course minus the average of their grades obtained in all their other
courses taken on the same quarter/semester (GPAO) or their overall cumulative
GPA. If the grade anomaly is negative, it is called a “grade penalty” if positive, it
is called a “grade bonus”.
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the gender parity; 1) perhaps women with lower performance
or high test anxiety left the major before reaching upper-division
coursework; 2) women may have gained coping strategies since
their introductory courses; or 3) women may benefit from the
smaller class sizes typical of many upper-division courses. Given
these initial findings, more work characterizing gendered equity
gaps in upper-division courses and the environmental factors
and affective factors that may underlie them, if present, is
needed. Furthermore, these studies need to be conducted at a
larger variety of institutions, as all publications to date focused
on primarily white institutions (Bourke, 2016).

Although less studied, student outcomes in upper-division
courses can also have cascading impacts on graduation and
postgraduate opportunities. While it is often assumed that most
attrition has taken place by the time students have reached
upper-division coursework, students still leave STEM majors at
this stage. Data on attrition from STEM after the third year are
scant, but some studies suggest that late-stage attrition rates
can range from 10 to 30% across all majors (Aulck and West,
2017). At our institution, overall attrition rates past the third
year ranged from 3 to 7% for incoming freshmen and from 8
to 15% for transfer students (AggieDash, 2022; period 2000-
2016), a population which is especially affected by upper-
division outcomes. Even if students remain in the institution,
they may still switch out of STEM majors later in their degree.
Such late-stage major shifts can have negative repercussions on
time to graduation and graduating grade point average, which
would impact postgraduate opportunities. For example: at one
institution, students who changed majors in the third year or
beyond tended to have lower graduation rates, took longer to
graduate, and/or had lower grades at graduation (Foraker,
2012).

Any impacts on graduation outcomes can also affect students’
competitiveness for, and interest in, STEM careers. This impact
may be especially strong for women, as women who graduate
with biomedical degrees have been shown to be more likely to
have shifted their career plans to ones requiring fewer years of
postgraduate study and less likely to aspire to attend medical
school than men (Rosenzweig et al., 2021). Taken together with
the fact that women’s persistence in the sciences may be more
sensitive to grades than men’s (Ost, 2010), gendered differences
in upper-division course grades may significantly alter women’
postgraduate career plans and aspirations. In the context of bio-
logical disciplines, women’s experiences in the last years of their
undergraduate biology degree may be contributing to the lack-
ing gender representation in the life science workforce, despite
the gender parity in bachelor’s degree attainment.

Research Questions

In this study, we examined gender gaps in upper-division courses
by conducting multilevel modeling and implementing student
questionnaires in a large-enrollment upper-division biology
course, focusing on the following four research questions:

1. To what extent are gendered equity gaps, like those seen in
introductory biology courses, present in large upper-division
biology courses?

2. How do academic factors, such as prior grade point average
(GPA), major, and number of STEM units taken, relate to
student outcomes and gendered equity gaps?
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3. How are other demographic factors associated with student
course outcomes and gendered equity gaps?

4. What environmental and affective factors may be associated
with the observed gendered performance gaps?

METHODS

Course details

We analyzed student grades in 35 individual offerings of an
upper-division human physiology course at a large, research-in-
tensive, land-grant, minority-serving public university on the
quarter system. One to two sections of this course are typically
offered every fall, winter, and spring quarter, with this study
comprising 27 quarters, from Fall 2010 to Spring 2019 (a
10-year period). This research was approved by IRB (approval
# 1002498; University of California, Davis).

This large human physiology course broadly covers the ner-
vous, cardiovascular, renal, respiratory, muscular, immune,
endocrine, and reproductive systems. Prerequisites for this
course include introductory biology and chemistry. Although
taught by a variety of different instructors, the course follows a
consistent structure across offerings: five 50-minute lectures
per week with course grades being determined exclusively by
two to three multiple-choice exams and a final exam. Enroll-
ment in each course offering averaged 377 students, ranging
from 177 to 528 students. Each offering of the course is typi-
cally co-taught by 2-3 instructors (61% of offerings had two
instructors, 32% had three). Forty-nine percent of offerings had
one or more women instructors, and of these, two offerings had
an all-women instructional team. These offerings include five
that were co-taught by one of the authors of this study (N.C.).
Instructor sex data was accessed from the university registrar.

The course is required for most majors in the College of Bio-
logical Sciences and is also taken by prehealth students in other
colleges in preparation for biomedical careers. The top six most
populous majors across our dataset were: 1) Neurobiology,
Physiology and Behavior (a Neuroscience-type major; 16% of
total students), 2) Biological Sciences (15%), 3) Psychology
(Biological Emphasis; 12%), 4) Biochemistry and Molecular
Biology (8%), 5) Animal Science (a pre-veterinary medicine
type major; 7%) and 6) Clinical Nutrition (6%). All these
majors include human physiology as a “depth subject matter”
requirement, except Animal Science, where students may elect
to take a general vertebrate physiology course instead. These
majors all require an organic chemistry and introductory phys-
ics series, except Clinical Nutrition and Animal Science, which
do not require physics. Most students in our dataset were in
their third (56%) or fourth year (35%) of college, with sec-
ond-year students accounting for the remaining 9% of the stu-
dents in our sample. The third- and four-year contingents
included many community college transfer students (30 and
33%, respectively). While the original sample included fresh-
men and graduate students (accounting for 0.3% of the student
sample), these were excluded from the analysis (see sample
description in the next section).

Student demographic data

We accessed all course grades and demographic data from the
university registrar. The total number of students in our initial
sample for the Fall 2010 to Spring 2019 academic quarters

22:ar52, 3



V. S. Farrar et al.

(excluding summer) was 13,391. If students took the course
more than once, we selected only the first term in which they
took the course (i.e., we excluded any additional enrollments or
repetitions of the course after a student’s first enrollment; each
student was only included once). We removed freshmen, grad-
uate students, and students whose class standing was unknown
(n=40, 6, 5, respectively, accounting for a combined 0.038% of
sample) as this is an upper-division course not traditionally
available to first-year students and we were interested in the
undergraduate population. As a result, our prefiltering sample
size was 13,340. We then applied the following exclusion crite-
ria (note that some students fell in more than one exclusion
criteria): we excluded students who did not receive a standard
letter grade in the course (n = 104), and those for whom we did
not have any prior cumulative GPA data (n =49). Prior GPA was
defined as students’ cumulative GPA at our institution ending in
the term before the term in which they took our course (e.g., if
a student took human physiology in spring quarter 2011, their
prior GPA would be their cumulative GPA at the end of winter
quarter 2011). Of students without prior GPA data, the largest
percentage corresponded to transfer students in their first term
at the four-year institution (i.e., they took upper-division physi-
ology in the term they were admitted to the university; n = 22;
45% of all students filtered for missing prior GPA data). Lastly,
we excluded students whose gender data was not available
(n = 3), yielding a final sample size of 13,184 for the study.

Students who did not have data on race/ethnicity (n = 248;
1.89% of final sample), socioeconomic status (n =2,016; 15.3%
of final sample) or first-generation college student status (n =
394; 2.99% of final sample), were not excluded but instead
their demographics were defaulted to the majority group for
those variables (e.g., students for whom no ethnicity data was
available were coded as white/non-PEER; no first-generation
information were coded as continuing-generation/non—
first-generation, and those with no socioeconomic information
were coded as non-low socioeconomic status). Of those stu-
dents affected, most were only missing one demographic vari-
able (Supplemental Table S1). By coding missing demographic
variables conservatively for these students, we were able to
evaluate the impact of other facets of their identities without
excluding these students completely. The significant main
effects in the best fit model (see “RQ2” below) did not differ
when these students were excluded completely, rather than
being conservatively coded (Supplemental Table S2, compared
with Table 5). Thus, we retained these students in the dataset
to preserve sample size and evaluate the impacts of other iden-
tities these students may hold.

Of the 13,184 students included in this analysis, 66% were
women (ranging from 59 to 74% across offerings; mean 66 +
4%). The enrollment data available to us came from the univer-
sity’s registrar, which during the period of the study only col-
lected gender data using a binary definition of sex (“male” ver-
sus “female”). Not having access to student self-reported gender
identity, we decided to use the available binary data and
employ the terms “women” and “men” throughout the text to
be consistent with prior literature on binary gender gaps and
because we are interested in the effects of student gendered
experiences on course outcomes. We acknowledge that the
limited binary classification of registrar data obscures the full
spectrum of gender identities and does not accurately represent
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gender identity for all students. Thus, our findings may over-
simplify the effects that diverse gender identities may have on
academic performance (Cooper et al., 2019) and may also miss
factors that specifically lead to performance gaps for gender
nonconforming students (Maloy et al., 2022).

Within the conservatively coded dataset, 29% of the stu-
dents were transfer students, 28% were English second lan-
guage (ESL) students, 43% were first generation students, and
30% were low socioeconomic status students. In addition, 19%
of the students in this dataset were categorized as persons
excluded because of ethnicity or race (PEER; Asai, 2020),
according to ethnicities provided and defined by the institu-
tional registrar. The definition of PEER mirrors the definition of
“underrepresented minorities” used by the National Science
Foundation (2019) and included students from the following
backgrounds: Black/African American, Indigenous/Native
American Alaska Native, Latinx/Chicanx/Hispanic American,
or a mix of these racial/ethnic identities. Demographic details
by gender can be found in Table 1. Additional details on the
exact representation of students by ethnicity and race can be
found in Supplemental Table S3.

Statistical analysis

All descriptive statistics, longitudinal analysis, and linear mod-
eling were performed in the R statistical language (R Core
Team, 2020, v.4.2.1). All correlations (Pearson) were calcu-
lated using the “corrplot” package in R (Wei and Simko, 2021).

For all regression models, we assessed whether the residuals
met the assumptions of normality and homoscedasticity, as is
common practice (Zuur et al., 2009). Given the properties of
grades and categorical demographic data, none of our models
met these assumptions. Thus, we implemented a robust estima-
tion approach, which differentially weights residuals from out-
liers to address these deviations from assumptions and reduces
the effect of outliers on the model. In R, this can be done using
the “robustlmm” package (Koller, 2016).

When implementing model selection to identify the final
models reported in the paper, it was not feasible to use robust
models, as it is extremely complex and most common statistics
software (including R), do not include a mechanism for this
(Koller, 2016). Thus, all model selection processes were con-
ducted using nonrobust linear models. Once a model was
selected, we then estimated the final model fit and coefficients

TABLE 1. Student demographics disaggregated by gender

Men Women?
Sample size (n) 4443 8741
Transfer students (%) 34.1 25.9%*
Persons excluded because of ethnicity or race 18.4 19.5

(PEER) (%)

English as a second language (ESL) (%) 27.1 28.9*
First-generation college students (%) 42.1 44.1*
Low socioeconomic status (%) 28.1 30.2*
International students (%) 4.4 4.8
Average overall prior GPA 3.09 3.07

aSignificant x? test by gender

PEER students are defined as Black/African American, Latinx or Chicanx, Amer-
ican Indian/Indigenous or a mix of these ethnic identities. (Asai 2020).
*p<0.05, **p<0.01
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using robust regressions and reported those coefficients in the
paper. (To illustrate the difference between the robust and non-
robust models, Supplemental Table S7 shows the coefficients
calculated using robust and nonrobust methods for the two main
models of the paper (Model I and Model II, see below), with the
final robust weights being described in Supplemental Table S8).

RQ1: To What Extent are Gendered Equity Gaps, Like
Those Seen in Introductory Biology Courses, Present in
Large Upper-Division Biology Courses?

Initially, we examined overall trends in gendered differences in
performance across the full dataset (n = 35 offerings, 13,184
students) using descriptive statistics and simple linear model-
ing. We compared overall average course grades across all
offerings using two-tailed t tests, as well as compared the gen-
dered performance gap in our course with that observed in our
institution’s introductory biology course for the subset of stu-
dents who took introductory biology at our institution. We also
plotted descriptive statistics of the distribution of final letter
grades in upper-division human physiology, as well as explored
gender performance gaps over time. Lastly, we created a simple
multilevel model with course grade as the dependent variable
and gender as the independent variable (CourseGrade ~ Gender
+ (1|Offering) + ¢€) to initially explore the impact of student
gender on grade while controlling for the clustered nature of
students in our data within course offerings (Theobald, 2018).
These initial approaches established the presence and consis-
tency of the gendered gaps in performance in this course.

RQ2: How do Academic Factors, such as Prior Grade Point
Average (GPA), Major, and Number of STEM Units Taken,
Relate to Student Outcomes and Gendered Equity Gaps?
Models aiming to examine factors that may impact student
course grades often include a variable to control for prior aca-
demic preparation. Studies of lower division STEM courses
often use incoming high school GPA and/or standardized test
scores (e.g., Freeman et al., 2014; Koester et al., 2016; Matz
et al., 2017). When studying upper-division courses, prior aca-
demic performance at the university likely correlates more with
student course outcomes as it better reflects students’ course
experiences at the institution. Indeed, even in introductory
courses, Koester et al. (2016) found that a measure of cumula-
tive university GPA correlated more strongly with course grades
than did high school GPA or standardized test scores. Cumula-
tive prior GPA has also been used as a control for academic
preparation in other studies of student outcomes at the
upper-division level (Creech and Sweeder, 2012; Salehi et al.,
2019). Furthermore, later in the analysis we used AIC to com-
pare models that included prior GPA and models based on var-
ious combinations of introductory biology and chemistry grades
and found that prior GPA yielded the best fit model. An exam-
ple of such comparison is shown in Supplemental Table S4.

To initially explore the relationship between prior academic
performance (via prior GPA) with gender and course grades,
we extended the simple multilevel model from RQ1 above to
include prior GPA as an independent variable (CourseGrade ~
PriorGPA + Gender + (1|Offering)). As we posited that student
gender could affect the relationship between prior GPA and
course outcomes, we also added an interaction between prior
GPA and gender, resulting in the following model:

CBE—Life Sciences Education « 22:ar52, Winter 2023

Gender Gaps in Upper-Division Biology

CourseGrade ~ PriorGPA + Gender + PriorGPA * Gender

+ (110ffering)

Our dataset included a large variety of majors (110), many
of which differ in their introductory STEM prerequisites. This
variance in STEM major requisites could lead to differences in
prior GPAs that are reflective of both difference in prepara-
tion for upper division STEM courses and differences in grad-
ing practices across disciplines (Sabot and Wakeman-Linn,
1991; Ahn et al., 2019). Thus, these major differences could
explain any mismatch between prior GPA and course grades
observed between men and women, especially if there were
unequal distributions of men and women across the majors.
To analyze this issue, we identified the six most populous/
common majors in the course (which account for 62% of all
students in our sample). Three of these majors belonged to
the College of Biological Sciences, while the other three
belonged to other colleges at the institution. Across the stu-
dent sample, women were less likely than men to have majors
in the College of Biological Sciences (52% of men vs. 39% of
women; chi-squared test, p < 0.001). We then calculated the
percentage of women in each of these majors as well as the
frequency of occurrence of gendered mismatches between
prior GPA and student grade. We also examined the number
of STEM units across gender and in relation with course grade
outcomes.

RQ3: How are Other Demographic Factors Associated with
Student Course Outcomes and Gendered Equity Gaps?
Students hold multiple identities, many of which are not eas-
ily visible nor reportable (Chaudoir and Quinn, 2010), that
may influence their college experiences, and thus, course
outcomes. To assess what demographic variables other than
gender may relate to performance (i.e., final course grade)
and interact with gender in this upper-division physiology
course, we created a new linear multilevel model using the
“Ime4” package in R (Bates et al., 2015) that included the
following variables as fixed effects: prior GPA, gender, PEER
status, low socioeconomic status, first-generation college
student status, English as Second Language (ESL) classifica-
tion, course quarter (Fall, Winter, or Spring) and admission
level (whether they began college as a freshman or a transfer
student). In addition, our model included a random effect to
control for the clustered nature of students in our data within
course offerings (Theobald, 2018). We did not include a ran-
dom effect for individual students because there were no
repeated measures in our dataset (we only used grades from
the first term taken for all students). In all models, the
dependent variable was final course grade, transformed
from a letter grade to a numeric 4.0 scale, following the uni-
versity registrar’s policy for GPA calculation (A+ = 4.0, A =
4.0,A-=3.7,B=3.B-=2.7,C+=23,C=2,C-=1.7,D+ =
1.3,D=1,D-=0.7, F =0). The global multilevel model was
as follows:

CourseGrade ~ BPriorGPA + BGender + BPEER + BFirstGen + BESL

+ BLOWSES + BAdmitLevel + BQuarter + (1 IOjfering) + €
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Systemic Advanta (Table 4). We thus moved forward with
] =l 1 2 3 4| this model as the best fit model includi
ndex (SAI) 1s model as the bes model including

Man X X X X | X | XX X second-order interactions, which contained
Non-PEER X X | x X X | X X | x prior GPA, gender, PEER status, first-gener-

Continuing Generation X X | x X | x X | x | x ation status, low socioeconomic status and

Mid to high SES X < x | x X T x Tx I x an interaction between prior GPA and gen-

FIGURE 1. Systemic advantage index (SAIl) values for students with access to a range of
advantages in the higher education system conferred by student gender, race/ethnicity,
first-generation college-going status, and socioeconomic status. Gray cells marked with X
represent an advantage available to that student. The top row indicates the SAl index

value for each theoretical student.

Starting with this global model, we used the package
“MuMIn” (Barton, 2020), to assess the fit of all possible models
that included various subsets of the fixed effects (no interac-
tions). We compared model fit using Akaike’s Information Cri-
terion (AIC) (Akaike, 1974), Bayesian Information Criterion
(BIC) (Schwarz, 1978), model log-likelihood and weights. We
used AIC rather than AICc (i.e., AIC corrected for small sample
size; Burnham and Anderson, 2004) as our model selection cri-
terion because our ratio of sample size to model parameter
number (max = 12) was sufficiently high (a ratio > 40 is recom-
mended for use of AIC instead of AICc) (Burnham and Ander-
son, 2004). In addition, we included BIC values in our analysis,
as it is more conservative and accrues larger penalties for add-
ing variables to the models (Dziak et al., 2012).

We initially found five models that had AIC values within two
points from the best-fit model (Supplemental Table S5), indicat-
ing they may fit the data similarly to the lowest weighted model
(Burnham and Anderson, 2004). The model averaged coeffi-
cients, where each coefficient is weighted by the Akaike weight
of the model, for the top five models, can be found in Supple-
mental Table S6. As the models with the lowest AIC and BIC
were not the same, we selected the model using the lowest BIC
and log-likelihood as our criteria (bold row, Supplemental
Table S5), as these criteria are more conservative to adding addi-
tional variables than AIC and thus allow us to select the simplest
model with the highest degrees of freedom (Dziak et al., 2012).
Additionally, the lowest AIC model included extra variables that
did not have significant coefficients when all viable models were
averaged. This best fit model with main effects only included
prior GPA, gender, PEER status, first-generation status, and low
socioeconomic status as main effects (Model I, Results section).

As students’ educational experiences are associated with mul-
tiple axes of their identities (Crenshaw, 1991; Pearson et al.,
2022), we hypothesized that student outcomes in the course
could also be associated with specific combinations of identities
such as being a woman and PEER. Given the mismatch we found
between student prior GPA and gender, we also expected that
different axes of student identity might moderate the association
between prior GPA and course outcomes. To assess this possibil-
ity, we evaluated whether adding each possible two-way interac-
tion between the main effects in our previous best model (Model
I) improved model fit by comparing AIC, BIC, log-likelihood val-
ues, and weights across 10 models. AIC/BIC tables (Table 4)
were produced using the “bbmle” package (Bolker, 2022). Upon
comparing the AIC, BIC and log-likelihood of these 10 models,
only one model had the lowest AIC, BIC, and log-likelihood score
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der (Model II, in Results).

For both selected models (Model I and
Model IT), we report the robust coefficients
in the paper. A comparison of the robust
and nonrobust coefficients and the final
robust weights are shown in Supplemental
Tables S7 and S8.

Systemic Advantage Index

Within the current landscape of STEM higher education, spe-
cific demographic characteristics, such as being white (Eagan
et al., 2010; Chang et al., 2014; McGee, 2020) or a man
(Cimpian et al., 2020; Perez-Felkner, 2018) have been repeat-
edly shown to be associated with better academic outcomes
(Suérez et al., 2021).This trend is also observed for continuing
generation students (Bettencourt et al., 2020) as well as hav-
ing a middle to high socioeconomic status (Niu, 2017). These
advantages likely have a cumulative effect that is independent
of the specific demographic characteristic that confers the
advantage. Using this framework, one can divide the student
population into five groups (Figure 1) depending on their total
number of systemic advantages (Castle, 2021). For example,
students who are women, first-generation, from a low socio-
economic status and PEER have zero systemic advantages and
thus would be in the systemic advantage index O group (SAI =
0), while a white, continuing generation, high socioeconomic
status man would be in the SAI = 4 group, with four systemic
advantages. Students who are assigned one to two advantages
may have any combination of advantages, meaning that a
white, first generation, low socioeconomic status, man would
have an SAI = 2, but so would a PEER, woman who was from
a middle/high socio-economic status and continuous genera-
tion (also SAI = 2). This framework does not imply that all
students with any two advantages are equivalent; the lived
experiences of the two recent example students with SAI = 2
will undoubtedly differ, and the specific experiences of each
individual student will impact their educational trajectory dif-
ferently. Still, the SAI framework proposes that in the current
higher education landscape, a student with three advantages is
likely to have better academic outcomes than a student with
only one or two advantages, regardless of the specific advan-
tage. We did not include gender in our final SAI assignment as
we wanted to examine interactions between student gender
and other demographic factors (so SAIs used will range from 0
to 3). We acknowledge that while this approach allows us to
examine potential interactions between student identities and
gender, the advantages conferred by these identities do, of
course, not necessarily lead to the same outcomes or experi-
ences for all students.

To explore the relationship between systemic advantages
and course outcomes, we plotted the average course grade for
men and women across all course offerings against SAI. We then
used two-tailed t tests to compare average grades and average
prior GPAs for men and women at different levels of SAL
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TABLE 2. Items from the introductory questionnaire included in the analysis

Statement

Category

I am a scientist.
I feel like I belong in the field of science.
In general, being a scientist is an important part of my self-image.

I often find myself feeling more anxious than my classmates about how I am doing in my class.

I usually do better in my science courses than in my GE (general education) courses.

Science identity®

Course anxiety

Science self-efficacy (SSE)

aScience identity items are from a validated scale used in (Robnett et al., 2015).

RQ4: What Environmental and Affective Factors may be
Associated with the Observed Gendered Performance
Gaps?

Previous studies have shown that the gender composition of the
student body and the instructional team can affect student per-
formance (Carrell et al., 2010; Eddy et al., 2014; Bailey et al.,
2020). We, therefore, evaluated whether the gender composi-
tion of the class and instructional team related to final grades
and interacted with gender in upper-division human physiology.
To do this, we extended the best fit model (Model II; Results) to
include two additional characteristics as fixed effects: percent of
women in each individual class offering (PercentWomen) and
presence of a woman on the instructional team in each offering
(as a dichotomous categorical variable: WomanProfessorPresent).
Given prior research (Bailey et al., 2020), we also evaluated
whether including each of these fixed effects with an interaction
with student gender (e.g., PercentWomen*Gender, WomanProfes-
sorPresent*Gender) improved model fit. We compared model fits
using AIC, BIC, and log-likelihood information criteria.

Because many previous studies have shown overall class size
can negatively relate to women’s course outcomes (Ballen et al.,
2019; Bailey et al., 2020; reviewed in Odom et al., 2021), we
also evaluated whether class size was correlated with the gen-
der disparities we observed in course grade.

Introductory Course Questionnaires to Examine Affective
Factors

Gendered differences in affective factors, such as self-effi-
cacy, science identity, and test anxiety have been observed in
introductory courses (Eddy and Brownell, 2016; Ballen et al.,
2017), and have been found to relate to grade outcomes
(Ballen et al., 2017). During the Fall 2018 through Spring
2019, students taking the upper physiology course com-
pleted a large questionnaire during the first week of class
that included items pertaining to a variety of psychosocial
factors, including science identity, self-efficacy, mental
health, perceptions of discrimination and micro-affirmations,
and more. For this study, we selected items a priori that
might pertain to gendered differences in science identity, sci-
ence self-efficacy, and course anxiety from the larger ques-
tionnaire (reviewed in Eddy and Brownell, 2016). Table 2
lists the questionnaire items we used and indicates, where
applicable, the relevant source in the research literature. The
student data in these 3 quarters showed similar best-fit
model estimates (Model II, Results section) for prior GPA,
gender, and the interaction to those of the broader, 10-year
dataset (see Methods for RQ3 above for modeling details;
model coefficients for the data from these 3 quarters is
shown in Supplemental Table S9).
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To analyze our questionnaire data, we first filtered the initial
questionnaire responses by consent to be included in the study
and by time taken to complete the questionnaire (students who
took <3 min were removed). To validate student attention, we
added the following item among those relevant to this study:
“Just to make sure you are reading the questions, please select
‘Neutral’.” Students who did not answer “Neutral” to this ques-
tion were removed from the dataset. For students who com-
pleted the questionnaire more than once, we only used their
first attempt. After filtering the responses, questionnaires from
896 students remained, representing 81, 97 and 88% of stu-
dents with course grade data across the three quarters, respec-
tively. Likert scale questions were numerically coded on a scale
from -2 (“Strongly Disagree” or “Never”) to 2 (“Strongly
Disagree” or “Always”) with O representing “Neutral.” The
science-self efficacy item (“T usually do better in my science
courses than in my GE [general education] courses”) and the
course anxiety item (“I often find myself feeling more anxious
than my classmates about how I am doing in my class”) were both
created for this introductory questionnaire. To create an aver-
age science identity score, we averaged the responses across
three survey items: “I am a scientist.”, “I feel like I belong in this
field of science.”, and “In general, being a scientist is an important
part of my self-image”. These items are a subset of a previous-
ly-validated, five-item science identity scale (Robnett et al.,
2015). Confirmatory factor analysis, run using the “lavaan”
package in R (Rosseel, 2012), showed that these three science
identity items loaded onto a single factor matching the origi-
nal factor structure (Robnett et al., 2015). Model fit for this fac-
tor also met recommended fit criteria (comparative fit index
>0.95, standardized root-mean-square- residual [SRMR] <0.08)
(Hu and Bentler, 1999).

For the average science identity score, we examined aver-
age differences between men and women using two-sample
t tests. For the single-item factors, such as course anxiety
(“I often find myself feeling more anxious than my classmates
about how I am doing in my class.”) and science self-efficacy
(“Iusually do better in my science courses than my GE courses”),
we examined differences between genders using Wilcoxon
rank-sum tests.

As course anxiety, science identity and self-efficacy have
been shown to be associated with students’ overall academic
performance (Williams and George-Jackson, 2014; Ballen
et al., 2017; Lent et al., 2018), we also evaluated whether
students’ responses in these initial questionnaires correlated
with their final course grade. As we found significant correla-
tions between grades and questionnaire item responses for
both men and women, we built linear models with final
course grade predicted by each affective factor item score,
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gender, and prior GPA. We used model comparison to
compare models including the main effects only (CourseGrade
~ Prior GPA + Scienceldentity + ScienceSelfEfficacy + Course-
Anxiety + Gender + (1|Offering)), main effects and an interac-
tion between prior GPA and gender (as in Model II), and a
model building on the latter that included interactions
between gender and all affective factors. No other demo-
graphic variables were added to the model because our
research questions revolved around the influence of affective
factors on gender gaps specifically and because the sample
size of the questionnaire data was more limited. This approach
allowed us to examine whether controlling for prior academic
performance removes the relationship between any introduc-
tory questionnaire item responses and course grade, or if a
relationship persists even when we include prior GPA and its
interaction with gender. We report the model estimates from
the linear model with the lowest information criteria (AICc,
BIC, and log-likelihood). We used AICc instead of AIC as an
information criterion because the sample for the question-
naire data was much smaller than that for the full dataset. In
addition to this linear model approach, we also tested the par-
tial mediation of affective factor survey scores on the relation-
ship between prior performance (prior GPA) and course
grades. Partial mediation analyses can be found in Supple-
mental Figure S2.

RESULTS

RQ1: To What Extent are Gendered Equity Gaps, Like
Those Seen in Introductory Biology Courses, Present in
Large Upper-Division Biology Courses?

Across 35 course offerings encompassing 13,184 students,
men had significantly higher average course grades than
women in the upper-division human physiology course under
study (Figure 2A; 2.78 + 0.014 vs. 2.55 £ 0.010, respectively;
two-sample ¢ test, p < 0.001). Further, this gendered perfor-
mance gap was larger than that observed in the university’s
introductory biology course (Figure 2B, difference in average
grades in lower division (W-M): -0.133 + 0.022, upper divi-
sion —0.221 + 0.024) for the subset of students who took the
course in the same institution (n = 9,735; 74% of total sample;
a gap which itself was comparable with gender gaps reported
for lower-division biology courses at other institutions; Eddy
and Brownell, 2016; Odom et al., 2021). Examination of the
distribution of final letter grades (Figure 2C) showed a signifi-
cant disparity in the percentage of men and women who
received As in the course (24% vs. 17%, respectively; chi-
squared = 70.3, p < 0.001). In addition, 10% of women and 7%
of men received failing grades (Ds or Fs) (chi-squared = 38.6, p
< 0.001). These gendered performance gaps were consistently
observed across all 10 years of data examined (2009-2019;
Figure 2D)

Linear multilevel models consisting of course grade as
outputs and gender as the only independent variable and
controlling for variation between offerings (see Methods),
show that gender explains a significant amount of the vari-
ance in course grade, with being a woman having a negative
coefficient (Figure 2E; f = —-0.23 + 0.02; p < 0.001). This
model predicts that in this course, women, on average, earn
a class grade of about 0.23 points lower (on a 4.0 grade
scale) than men.

22:ar52, 8

RQ2: How do Academic Factors, such as Prior GPA, Major,
and Number of STEM Units Taken, Relate to Student
Outcomes and Gendered Equity Gaps?

Across the population of students, we found no significant dif-
ference in prior college GPA between men and women (3.07 +
0.005 vs. 3.09 + 0.007, respectively, two-tailed ¢ test; t = 1.69,
p = 0.091). Adding prior GPA as a control for prior academic
performance to our initial linear multilevel model had a minor
impact on the association of gender and course outcomes (§ =
-0.19 £ 0.01; p < 0.001; Figure 2E). To examine if the associa-
tion of prior GPA with course outcome varied with gender, we
added an interaction effect between gender and prior GPA. In
this simple model, the interaction was significant (f = 0.12 +
0.03; p < 0.001) and it resulted in a nearly three-fold increase
in the impact of being a woman on predicted grade (B =-0.56
+0.08; p < 0.001) (Figure 2E, right bar). This result means that
the association of gender with course outcomes was moderated
by prior GPA, with the impact of gender being stronger for
women with lower prior GPAs. For instance, this model predicts
that among students with a prior GPA of 2.0, women would
receive a grade approximately 0.32 points lower than men (out
of 4.0), while for those with prior GPA of 4.0, the difference
would be approximately 0.09 points (for further examples, see
Supplemental Table S10 and Supplemental Figure S1). Thus,
our model predicts that when students enter this course with
identical prior GPAs, a woman will earn a lower grade than a
man, regardless of her prior GPA, the latter modulating how
much lower her grade will be.

To better visualize the relationship between disparities in
prior GPA and disparities in course outcomes, we plotted the
average grade disparity by gender against the average prior
GPA disparity by gender for each individual course offering
(Figure 2F). We found that women earned lower grades (on
average) than men in all but one offering of the class across the
10 years examined. Furthermore, in 46% (n = 16) of these
offerings, women entered the course with an average prior GPA
that was higher than that of men in the class, yet still earned
lower grades, on average (Figure 2F; gray quadrant).

We then examined whether these gendered preparation-out-
come mismatches varied across the top six most-populous majors
of the course, as these majors varied in their STEM requisites
(which could impact GPA and academic preparation, see
Methods) as well as their percentage of women. We found mis-
matches between average prior GPA and average course grades
across the top 6 majors (range 6-29% of offerings), despite dif-
ferences in major STEM requirements and percentage of women
enrolled in the course (range: 51-85% across these majors). For
instance, the Neurobiology, Physiology and Behavior major and
the Psychology major had the same number of mismatched
offerings (Figure 3; B and D; 10 offerings, 29%), despite having
a 9% difference in percentage of women in the course (64 and
73% respectively). Similarly, the Animal Science major and the
Biochemistry and Molecular Biology major both had 20% of
offerings where the mismatch occurred (Figure 3; C and E),
while the percent women differed in 33% (84 and 51%, respec-
tively). Thus, gendered mismatches between prior academic per-
formance and course grades are present in majors from various
disciplines. In addition, the percentage of mismatches did not
significantly correlate with the number of women in the major
that were taking the course (Pearson’s r =-0.34, p = 0.499).
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FIGURE 2. Performance gaps associated with gender in upper-division physiology are greater than those in lower division introductory
biology and what might be expected based on prior academic performance. (A) On average, men (dark) received significantly higher
course grades compared with women (light) across all offerings of human physiology (two-sample t test, p < 0.001, n =13,184). (B) The
overall average difference in course grades between men and women was larger in upper-division physiology compared with lower
division introductory biology for students for whom grade data were available for both courses (difference in average grades in lower
division (W-M): —0.13 + 0.02, upper division —0.22 + 0.02, n = 9,735). (C) When examining actual letter grades received, men were more
likely to receive As and Bs than women, but less likely to receive Cs, Ds, and Fs (chi-squared test of independence, all p < 0.001). (D) Across
the 10-year study period, men (dark circles) consistently showed higher grades on average than women (light triangles). Each point is the
average of 3-5 offerings of the course. (E) The model-estimated effect of being a woman on course grade is largest when an interaction
between prior overall GPA and being a woman is included. Bars represent model estimates and standard errors produced by multilevel
models including only the fixed variables listed on the x axis, along with course offering as a random effect. (F) In all but one offering (each
circle/square is an offering), women received lower average grades than men (data in top half of plot). In 46% of course offerings, women
received lower grades on average than men, but entered the course with a higher prior GPA on average (upper-left gray quadrant); of
these, eight offerings had a significant difference in grades between men and women (two sample t test, p < 0.05). There were no offerings
where men entered the course with a higher average prior GPA and left the course with a lower grade than women (bottom-right
quadrant). The dashed line represents the 1-1 line. Circles represent offerings where men and women's average grades were significantly
different (p < 0.05), while squares represent offerings where the observed difference was not statistically significant. In all cases, error bars

represent standard error of the mean (SEM). In figure: *** p < 0.001.

Because students can still take STEM courses even if they are
not required for their majors, and many prehealth students take
additional STEM courses to satisfy graduate school admissions
requirements, we also examined the number of STEM units
taken before the course for each student in our study. We did
not find a significant difference in the average number of prior
STEM units between men and women (63.9 vs. 64.3 units
respectively; two-sample t test, p = 0.476). Further, course
grade was not significantly correlated with prior STEM units
(Pearson’s r =-0.01, p = 0.373).

CBE—Life Sciences Education « 22:ar52, Winter 2023

RQ3: How are Other Demographic Factors Associated
with Student Course Outcomes and Gendered Equity
Gaps?

Using demographic data for our student dataset from the uni-
versity registrar (Table 1), we applied multilevel modeling and
model selection to examine the possible association of other
demographic factors, in addition to gender, with outcomes in
upper-division physiology. We also included a random effect in
the model to account for any variability between course offer-
ings (see Methods). Model selection upon a global model that
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FIGURE 3. Gendered differences in prior GPA and course grade vary across the top six most populous majors in the course. Plots show
average course grades and average prior GPA for each offering, disaggregated by the top six majors, ranked by number of students who
had declared that majors at the time of course enrollment. In each plot, the top half of the plot represents offerings where men had a
higher average course grade than women, while the bottom half represents offerings where women received higher average course
grades than men. The right half represents offerings where men entered the course with a higher prior GPA than women on average,
while the left half represents offerings where women entered the course with higher prior GPA than men. The dashed line represents the
1-1 line. “"Preparation-outcome Mismatches” occur when offerings fall in the bottom right quadrant (men enter the course with higher
prior GPA on average but receive lower average grades) and in the top left quadrant (women enter the course with a higher prior GPA but
receive lower average grades than men on average). The percent of offerings that fall into this latter “mismatch” is annotated in the upper
left. Majors shown in panels A—C are housed in the Biological Sciences, while the other majors (D—F) are housed in other colleges. Circles
represent offerings of the course. Sample sizes for each major (n) and the percentage of students in that major that are women (%W) are

reported above each graph.

included gender, prior GPA, PEER status, first-generation sta-
tus, socioeconomic status, English as second language (ESL)
status, course quarter, transfer student status as main effects
and course offering as a random effect yielded the following
best-fit model:

Model 1. Main effects best fit model:

CourseGrade ~ B priorGra + B Gender + B peER + B FirsiGen + B LowsEs

+ (11 CourseOffering)-+¢

The robust estimates for all demographic variables retained
in the best model (Model I) were negative, indicating that
being a woman, PEER, first-generation student, or from a low
socio-economic status (LowSES), was associated with earning
lower grades in this upper-division course (Table 3). All main
effect estimates were statistically significant except for
socio-economic status, yet the model selection process
included this variable in the best model as it improved the fit
of the final model. Specifically, our model predicted that when
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comparing students with identical prior GPA a student who
was a woman, PEER, first-generation and low socioeconomic
status would, on average, earn a grade that was about 0.37
points lower (on a 4.0 grade scale) than a man who was
not-PEER, continuing generation, and was not from a low

TABLE 3. Robust® model estimates for Model |, the best fit model
including only main effects

Variable Estimate(f) Std.Error p°

(Intercept) -0.932 0.043 <0.001
PriorGPA 1.123 0.012 <0.001
Gender -0.189 0.012 <0.001
PEER -0.049 0.015 <0.001
FirstGen -0.070 0.013 <0.001
LowSES -0.021 0.014 0.145

aRobust estimation was used since the residuals from Model I did not meet
assumptions of normality and homoscedasticity, and this method is more robust
to outliers in the data. (See Methods for more details)

bp-values that were significant (p < 0.05) are shown in bold.
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socioeconomic status. For example, if both students entered
with a 3.0 GPA, the model predicts the former student would
earn a grade of 2.35, while the latter would earn a grade of
2.76, leading to a difference of a full plus/minus grade (C+ vs.
a B—, respectively).

Adding a variable that represents prior academic perfor-
mance when modeling student course outcomes provides
valuable information about the factors that are associated
with how students perform in a course. However, this prac-
tice can feed a student deficit narrative (Smit, 2012), where
student underperformance is considered to just be the result
of lack of academic preparation, instead of a confluence of
institutional, structural, pedagogical, social, and academic
factors. To examine how including prior GPA affected the
relationship between student identities and course outcomes,
we compared coefficient estimates for demographic vari-
ables between our best fit main effect model and an identical
model lacking prior GPA (Supplemental Table S11). Exclu-
sion of prior GPA increased the negative coefficients for
socio-economic, low impact and first-generation status,
while having little effect on the gender coefficient (Supple-
mental Table S11).

To assess how multiple axes of student identities interact
with each other, as well as with prior GPA to influence
course outcomes, we created a series of new models, each of
which consisted of the main effects from Model I and an
interaction term between two of these main effects (Table 4).
Of the 10 models created, the best fit model included prior
GPA, gender, first-generation status, PEER status and low
socioeconomic status as predictors that best explained the
variation in course grades, as well as an interaction between
prior GPA and gender (Model II). None of the other two-way
interactions improved the model fit (Table 4; all had AIC
values within 2 of the best-fit model without interactions
[Model I], suggesting that these models were not meaning-
fully different from Model I [Burnham and Anderson,
2004]). Table 5 shows the robust regression coefficients for
Model II.

Gender Gaps in Upper-Division Biology

Model II. Best fit model including interactions:

CourseGrade ~ BPriorGPA + BGender + BPEER + BFireren + BL{)WSES

+ BPrriorGPa*Gender + (11 CourseOffering) +¢€

The addition of the interaction between prior GPA and gen-
der resulted in a large change to the coefficient for gender
(shifting from —0.19 to —0.54) compared with the model with
main effects only. However, with an interaction now present,
the main effects of prior GPA and gender cannot be interpreted
individually as having direct effects on course grade as the vari-
ables are now conditional on each other. For instance, the coef-
ficient for gender would indicate a reduction of —0.54 in course
grade for a woman whose prior GPA was zero, an impossible
circumstance in an upper-division course. Our updated model
predicts that a student who was a woman, PEER, first-genera-
tion and low socioeconomic status (student W, ) would earn
a grade that was about 0.24 to about 0.68 lower (on a 4.0-point
scale) than a man who was neither PEER, nor first generation
nor low socioeconomic status (student M), depending on their
prior GPA. As an example, if both these students entered with
the same incoming GPA (example GPA=2.1), the model pre-
dicts that the student M would receive a C- grade (1.72), allow-
ing them to pass the course, while student W, . would receive
a D+ (1.28), a non passing grade. More examples are shown in
Supplemental Table S12.

Systemic Advantages

As students belong to multiple nonmutually exclusive demo-
graphic identities, any of which may affect their experience in a
course and course outcomes by itself or through interactions
with others, we modeled multiple demographic variables using
a systemic advantage index (SAI) as described by Castle (2021)
and Whitcomb et al. (2021). In this approach, we assigned each
student an index that sums the number of advantages conferred
to that student in higher education by belonging to a historically
privileged racial/ethnic group (i.e., non-PEER race/ethnicity),

TABLE 4. Comparison of models including pairwise interactions across all main effects

Model df AIC dAIC? BIC dBIC? LogLik dLogLik?
Top model (MODEL I) 8 28662.5 0.0 28722.4 0.0 -14323.3 0.0
(main effects only): CourseGrade ~

PriorGPA + Gender + PEER +

FirstGen + LowSES + (1 |Section)
+ PriorGPA*Gender® 9 28644.6 -17.9 28712.0 -10.4 -14313.3 9.9
+ PriorGPA*FirstGen 9 28661.6 -0.9 28729.0 6.6 -14321.8 1.4
+ PriorGPA*LowSES 9 28662.7 0.1 28730.0 7.6 -14322.3 0.9
+ PriorGPA*PEER 9 28664.1 1.6 28731.5 9.1 -14323.0 0.2
+ Gender*PEER 9 28663.8 1.3 28731.2 8.8 -14322.9 0.3
+ Gender*FirstGen 9 28661.8 -0.7 28729.2 6.8 -14321.9 1.4
+ Gender*LowSES 9 28664.5 2.0 28731.8 9.4 -14323.2 0.0
+ PEER*FirstGen 9 28662.8 0.3 28730.1 7.7 -14322.4 0.9
+ PEER*LowSES 9 28664.2 1.7 28731.6 9.2 -14323.1 0.1
+ FirstGen*LowSES 9 28664.5 2.0 28731.8 9.4 -14323.2 0.0

anformation criteria (AIC, BIC, log-likelihood) for all models are compared with the base model with no interactions, selected by comparing models using AIC and BIC

from a global model which included all possible fixed effects.

*The model in bold includes an interaction between PriorGPA and Gender that significantly improved the base model with main effects only (i.e., lowered the AIC and

BIC values) (Burnham and Anderson, 2004).
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TABLE 5. Robust model estimates for Model ll, the best fit model
including interactions

Variable Estimate(B) Std.Error p?

(Intercept) -0.708 0.066 <0.001
PriorGPA 1.158 0.020 <0.001
Gender -0.540 0.079 <0.001
PEER -0.048 0.015 0.002
FirstGen -0.068 0.013 <0.001
LowSES -0.021 0.014 0.130
PriorGPA*Gender 0.113 0.025 <0.001

Across the spectrum of systemic advantages, men received
higher grades than women regardless of how many other sys-
temic advantages they had (Figure 4A; two-tailed t tests, p <
0.001 for SAI = 1-3; p < 0.01 for SAI = 0). Again, this gendered
difference appears driven by course grade rather than differ-
ences in prior GPA. Men received significantly higher grades
than women when neither of them had any other systemic
advantages (Figure 4B; bottom; two-tailed t test p < 0.01) and
when they both had all other systemic advantages (Figure 4B;
top; two-tailed ¢ tests, p < 0.001), even though in both cases,
the prior GPA did not significantly differ between men and

p-values that were significant (p < 0.05) are shown in bold.

being from moderate to high socioeconomic status, and being
a continuing generation college-going student (see Figure 1
and Methods for more details). This systemic advantage frame-
work provides a way to explore intersections between student
identities and to examine systemic barriers in higher education

Gaps?

(Castle, 2021).
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FIGURE 4. Gendered performance gaps are present across a range of student systemic
advantages based on demographic identities. Different identities, related to the main
effects in the best-fit model (first generation status, PEER status, and low socioeconomic
status) were considered “advantages” and used to generate a “systemic advantage index”
(SAl) as described in Castle, 2021; Whitcomb et al., 2021. If a student has access to all the
advantages conferred by being continuing-generation college-going (i.e., not first-gener-
ation), non-PEER, and not from a low socioeconomic status, the student is considered to
have an SAl = 3. On the other hand, students who are first-generation, PEER, and from low
socioeconomic backgrounds would be considered to have none of these advantages, so
would have an SAIl = 0. Students with access to any one or two of these advantages would
have SAl =1 or SAl = 2, respectively (see Figure 1 for details). (A) Average grade is shown for
both men (black) and women (gray) across the spectrum of SAl identities. Men's grades
were significantly higher than women's for all SAl values (two-tailed t tests, p < 0.001 for
SAl =1-3; p < 0.01 for SAl = 0). Error bars represent standard errors of the mean (SEM).

(B) Significant gendered differences in mean grade, but not mean prior GPA, are present at
both ends of the SAl spectrum. Here, “SAl = 0 + W” indicates a woman with none of the
listed advantages, where SAl = 0 is a man with none of the listed advantages. On the other
end of the spectrum, “SAl = 3” is a man with access to all listed advantages whereas “SAl =
3+W" is a woman with all those advantages. Women received significantly lower average
grades than men when they had no listed advantages (2.19 + 0.04 vs. 2.38 + 0.05,
respectively; two-sample t test, p < 0.01) and when they had access to all advantages

(2.74 £ 0.02 vs. 2.92 + 0.02, respectively; two-sample t test, p < 0.001). Prior GPA did not
significantly differ with gender at either end of the spectrum (no other advantages, men:
2.831+0.01, women: 2.86 + 0.02, two-sample t test, p = 0.435; all other advantages, men:
3.18 £ 0.03, women: 3.19 + 0.01, two-sample t test, p = 0.611). Error bars represent
standard error of the mean (SEM). In figure: ** p < 0.01; *** p < 0.001.
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women in each group (two-tailed ¢ tests, all p > 0.05).

RQ4: What Environmental and Affective Factors may be
Associated with the Observed Gendered Performance

Instructor gender, gender representation in the classroom,
and class size. To examine if instructor gender and percentage
of women in a class interacted with student gender to influence

course and exam scores in our course, we
modified our best model including interac-
tions (Model II) to add the presence of a
woman on the instructional team and/or
the percentage of women in each class
offering as main effects, as well as an
interaction of each of these variables with
student gender (Table 6). When we com-
pared model fit, neither of these main
effects nor any of the interactions between
these variables and student gender
improved fit over that of the previous best
fit model (Model II). Further, neither the
estimates of these variables, nor their
interaction with student gender, were sig-
nificant (Table 6). We also examined the
effect of class size on the gendered grade
disparity by calculating the correlation
between class size (range: 177-528 stu-
dents) and the differences between men’s
and women’s grades across all offerings
and found no significant relationship
(Pearson’s correlation, r = -0.038, p =
0.828).

Affective factors. We used data from
questionnaires administered at the begin-
ning of three course offerings (n = 896 stu-
dents; see Methods) to evaluate if gen-
dered differences in affective factors such
as science identity, science self-efficacy,
and course anxiety were present in
upper-division  students before they
engaged significantly with course material.
Correlations between student-reported
scores on these questionnaire items and
course grades were also calculated to
assess if these affective factors were associ-
ated with student outcomes (Figure 5).
Women had significantly lower levels of
science identity than men upon entry to
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Interaction with
Gender
—0.004 + 0.003*
-0.013 £ 0.025

Woman Professor
Present
0.025 £0.027
0.027 £ 0.029
0.034 £ 0.032

Robust model estimates (8 + SE)

Percent Women
-0.002 + 0.005
—-0.001 + 0.003
-0.003 £ 0.003

Gender®
-0.57 £ 0.09
-0.54+0.08
-0.54 £ 0.08
-0.54+£0.08
-0.83+£0.21
-0.53+£0.08

dLogLik?
0.0
0.3
0.0
0.4
1.9
0.1

logLik
-14313.3
-14313.1
-14313.3
-14312.9
-14311.4
-14313.2

8.9
9.4

dBIC?
0.0
18.2
15.1
18.7

BIC
28712.0
28721.0
28721.4
28730.2
28727.1
28730.8

1.5
1.9
3.8

dAIC?
0.0
3
0.1

AIC
28644.6
28646.1
28646.6
28647.9
28644.8
28648.4

df

9
10
10
11
11

+ Percent Women + WP* Present
0.069

Model

[Best fit]

+ Percent Women

+ WP Present

+ Percent Women* Gender
+ WPe Present * Gender

aInformation criteria (AIC, BIC, log-likelihood) for all models are compared with the best fit model (Model II) which includes Gender, PEER, FirstGen, LowSES, and an interaction between PriorGPA*Gender.

PAll robust estimates for the effect of Gender were significant at the p < 0.001 level in all models.

“WP: Women Professor.

TABLE 6. Model selection and robust model estimates for models including environmental classroom variables
p
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the course (two-tailed t test; t = -3.26, p = 0.001; Figure 5A).
Further, the median response to the science self-efficacy item
(SSE) for women was lower than that for men, indicating more
disagreement with the statement (Wilcoxon’s rank-sum: p <
0.001; Figure 5B). In response to the question “I often find myself
feeling more anxious than my classmates about how I am doing in
my class”, the median response for women was higher than for
men indicating that women entered the course with more anxi-
ety than men (Figure 5C; Wilcoxon’s rank-sum: p < 0.001).

All questionnaire items significantly correlated with final
course grades for women (Figure 5D, Pearson’s correlations),
with course anxiety being negatively correlated with grade
(r =-0.21, p < 0.001) and SSE and science identity being
positively correlated with grade (r=0.32, p < 0.001 and r =
0.18, p < 0.001, respectively). For men, only SSE and science
identity were significantly correlated with grade, with the
correlation being positive (r = 0.26, p < 0.001 and r = 0.12,
p = 0.001, respectively; Figure 5E). Course anxiety was not
significantly related to grade for men (r =-0.07, p = 0.289).

To examine how each of these affective factors was associ-
ated with student grades while controlling for prior GPA, we
conducted model selection on a linear model that initially
included prior GPA, each affective variable, gender, and all
possible interactions between gender and the affective vari-
ables (Supplemental Tables S13, and S14). We found that the
model that best fit the questionnaire data included main effects
for all affective factors, gender, and prior GPA, as well as inter-
actions between gender and prior GPA and gender and course
anxiety (Table 7). All coefficients included in the model were
statistically significant (p < 0.05) except for the interaction
between gender and anxiety, which despite improving model
fit, only showed a trend towards significance (p = 0.077).

This model was:

Model III. Best fit model for affective factors (questionnaire
data).

CourseGrade ~ BPriorGPA + BGender + B Scienceldentity
+ BScienceSeleﬁicacy + BCourseAnxiety

+ BPrior GPA*Gender T BGender*CourseAnxiety t+ €

Consistent with the correlation findings, science identity
and SSE scores were positively associated with course
grades, even when controlling for prior GPA. The exclusion
of the interaction effect for these affective factors and gender
from the best model (as they did not improve model fit, see
Supplemental Tables S13 and S14), indicates that the asso-
ciation between science identity and SEE and course grades
was comparable for both genders. Because the best model
included an interaction between gender and course anxiety,
it is not possible to interpret the coefficient value or signifi-
cance of the fixed effect for anxiety in isolation. The negative
coefficient for the interaction between course anxiety and
gender indicates that for women, increasing scores on the
course anxiety questionnaire item were negatively associ-
ated with course grade, even when controlling for prior GPA
and other affective factors. This model predicts that if two
women have the same prior GPA (e.g., 3.0), science identity
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FIGURE 5. Gendered differences in questionnaire responses regarding affective factors are present at the beginning of the course and
correlate with course grade outcomes. Women (light gray) agreed less with statements about (A) science identity (averaged across three
statements) (two-tailed t test: p < 0.01) and about (B) science course self-efficacy, but more with statements about (C) course anxiety
compared with their male peers (black) (Wilcoxon's rank-sum: p < 0.001). In panels A—C, Likert scale scores were centered at 0, where

0 represents “Neutral”, positive scores represent agreement with the statement, and negative values represent disagreement. Error bars
represent mean and standard error of the mean (SEM). GE = General elective courses. Likert scale scores for science self-efficacy and
science identity were significantly correlated with final course grade in (D) women and (E) men, but course anxiety was only significantly
correlated with grades in women. Numbers in each box indicate the value of the corresponding correlation (Pearson'’s correlations). In

figure: ** p < 0.01; *** p < 0.001.

TABLE 7. Robust model estimates for best model for affective

factors

Variable Estimate(f)  Std.Error p?
(Intercept) 0.030 0.292 0.917
PriorGPA 0.908 0.091 <0.001
Gender -1.178 0.336 <0.001
Course Anxiety 0.019 0.037 0.601
Science Self-Efficacy (SSE) 0.058 0.023 0.013
Science Identity 0.126 0.031 <0.001
PriorGPA * Gender 0.34 0.104 0.001
Gender *Course Anxiety -0.078 0.044 0.077*

ap-values that were significant (p < 0.05) are shown in bold.

#0.05<p<0.10
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and science self-efficacy scores (“Agree” for both measures),
then the woman who chooses “Strongly Agree” in response
to “I often find myself feeling more anxious than my classmates
about how I am doing in my class” would receive a grade
-0.18 points lower than a woman who chooses “Disagree.”

DISCUSSION

Using 10 years of student data from an upper-division human
physiology course at a large, research-intensive university, we
find evidence for a gendered grade disparity that is comparable
to gendered grade penalties previously reported in introductory
biology courses (Eddy and Brownell, 2016; Odom et al., 2021).
These gendered performance gaps were present across a range of
systemic advantages conferred by other demographic identities
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(i.e., PEER status, first generation status, and low socioeconomic
status). We also uncovered an interaction between student gen-
der and prior academic performance on course outcomes which
moderated the strength of the gender grade penalty but did not
eliminate it (even when prior GPA was 4.0). In contrast with
studies of lower division biology courses (Bailey et al., 2020;
Eddy et al., 2014), the percent of women in the course and the
presence of a woman on the instructional team were not associ-
ated with student grades. Analysis of student responses to ques-
tionnaire revealed that science identity, science self-efficacy, and
course anxiety, factors known to be associated with student per-
formance, showed gendered patterns, even at the beginning of
the course. Of these affective factors, only the course anxiety
score showed a gendered correlation with course grade, with
course anxiety having a negative significant correlation with
grade for women. This relationship remained even when
accounting for prior GPA.

Grade Disparities between Men and Women Differed from
Prior GPA Disparities in Nearly Half of Course Offerings
Gendered performance disparities have been extensively docu-
mented across a variety of introductory STEM courses, includ-
ing biology (Eddy et al., 2014; Ballen et al., 2017). Similarly,
the limited existing research on upper-division courses also
shows gendered disparities (though findings are more hetero-
geneous; Rauschenberger and Sweeder, 2010; Creech and
Sweeder, 2012; Salehi et al., 2019). In our study, we found
consistent gendered performance differences across 10 years of
offerings of an upper-division biology course, regardless of
prior GPA. In addition, we also found that gender showed a
significant interaction with prior academic performance, with
the gendered grade penalty increasing with decreasing prior
GPA. We have not been able to find other studies that reported
possible interactions between gender and prior GPA, and thus
we cannot speculate as to the prevalence of this interaction
across disciplines and course levels.

In addition to an interaction between gender and prior GPA,
we also found evidence for a “mismatch” between prior GPA
and course grades, in that in nearly half of all course offerings,
women entered the course with higher GPA than men but
received lower course grades, on average. It is important to
note that had we only compared course grades averaged across
all offerings and overall prior GPA between men and women (a
common approach), we would have missed this mismatch. The
mismatch became evident only in examining trends across indi-
vidual offerings of the course. This difference in approach could
account for the lack of similar findings in the literature.

Another measure that can be used to examine the relation-
ship between prior GPA and course grade within individuals is
grade anomaly. Studies have, in fact, found that grade penal-
ties (i.e., negative grade anomalies) are larger for women than
for men in many undergraduate STEM courses (Matz et al.,
2017; Malespina and Singh, 2022, 2023). However, grade
anomalies cannot discriminate as to whether one group had
equal or higher prior GPAs than the other, as both would result
in larger grade anomalies for the group with lower course
grades. Our approach of comparing gendered differences in
average prior GPA versus gendered differences in course grade
allows us to parse whether and when each of the above sce-
narios occurs by offerings. Uncovering that nearly half of
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offerings result in a mismatch where women both have higher
prior GPAs and lower course grades on average emphasizes
that this course leads to outcomes that are often opposite and
inconsistent with what we would expect based on students’
prior experiences and performance at the university. Thus, the
view is shifted to trends across course offerings, rather than
within individual students. We then can take more of a “course
deficit” view (Cotner and Ballen, 2017), examining what ele-
ments of the course itself may be disserving students and lead-
ing to these inconsistencies with prior experiences in the
institution.

Both the mismatches at the level of offering and the signifi-
cantly different relationship between prior GPA and course
grade for gender (the PriorGPA*Gender interaction in our linear
models) highlight meaningful grade inequities for women in
this course. As grade penalties are more common and larger in
STEM disciplines (Koester et al., 2016; Matz et al., 2017), and
women tend to be more sensitive to grades than men when
choosing majors of study (Rask and Tiefenthaler, 2008; Ost,
2010; Ellis et al.,, 2016; Maries et al., 2022), the contrast
between prior GPA and course outcome in an upper-division
STEM course could negatively influence women’s persistence in
STEM majors or careers. Indeed, grade anomalies may be more
salient to student decision making than raw course grades
(Witteveen and Attewell, 2020; Malespina and Singh, 2023),
and women are more likely to change their STEM career plans
later in their degree than men (Rosenzweig et al., 2021). Thus,
“mismatches” between prior academic performance and
upper-division course outcomes such as those described in this
study could have significant impacts on individual women’s
academic decisions and self-concept. Further research is needed
to determine whether similar mismatches are observed in other
STEM courses and institutions and to examine their possible
impact on women’s persistence in STEM.

Gendered Differences were Present Across a Variety of
Systemic Advantages

Additionally, we found gendered grade disparities across the
spectrum of systemic advantages (as conferred by race/ethnic-
ity, socioeconomic status, and first-generation status). The
presence of gendered grade differences in students both with
few and many systemic advantages, and the lack of significant
interactions between gender and other demographic factors
suggest that gender may relate to course outcomes in a differ-
ent manner than these other axes of identity. In addition, PEER
status, low socioeconomic status and first-generation status
exhibited more “linear” relationships between prior GPA and
course grade in this course (i.e., these demographic factors did
not significantly interact with prior GPA in linear models).
While prior GPA “explained away” a significant amount of the
disparities in performance across socioeconomic status, PEER,
and first-generation status, it had minimal impact on the
observed gender disparities. These results are similar to those
seen in introductory chemistry courses, where raw and aca-
demic performance-adjusted gaps significantly differ for PEER,
low socioeconomic status students and first-generation stu-
dents, but not for women (Harris et al., 2020). Our results
imply that students with these identities have experiences in
an upper-division biology course (physiology) that are consis-
tent with systemic inequities being experienced across all
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undergraduate coursework, a pattern that must be examined
further. Below, we discuss what student and course level fac-
tors—academic, environmental, or affective-may be contribut-
ing to the persistent gender gap observed in the upper-division
biology course under study.

Neither Student Majors, Instructor Gender, Nor Gender
Representation in the Class were Related to Gender Gaps
in the Course

We hypothesized that the observed gender gap in upper-divi-
sion physiology course could be associated with gendered dif-
ferences in study major and/or prior STEM preparation. If men
and women differ in their declared majors, as prior evidence
suggests (Griffith, 2010; Shapiro and Sax, 2011), then the
observed mismatches between prior GPA and course grades for
women could be explained by differences in their academic
preparation for the course (related to their own major required
courses) and the differences in the grading practices across dis-
ciplines (which would impact their prior GPA; Nord et al.,
2011). However, the gendered “mismatch” between prior GPA
and course grade was present across the top six majors present
in the course, regardless of college. Furthermore, men and
women did not significantly differ in their prior STEM units
taken, and prior STEM units did not correlate with course
grades. These results are consistent with other studies of
upper-division biology courses, where major of study did not
have a significant effect on grade (Rauschenberger and
Sweeder, 2010; Creech and Sweeder, 2012). Major of study
may have less impact at the upper-division level, where almost
all students taking STEM courses are STEM majors. Indeed, this
explanation was offered as a reason for why no gender gaps
were observed in upper-division biology and engineering
courses in another study (Salehi et al., 2019). However, the
upper-division biology course examined in this study had stu-
dents from over 100 majors, as it is a common prerequisite for
a variety of health sciences programs. Differences in declared
major, at least within the life and biomedical science majors we
examined, did not seem to be associated with the observed gen-
der grade disparities.

We also did not find evidence that the representation of
women in the student body or instructional team were associ-
ated with student grades in this course. This result contrasts
with previous studies. Environmental factors, such as gender
composition of the course or the presence of a woman on the
instructional team has been associated with improved course
outcomes for women in STEM courses (Bowman et al., 2022),
including in biology (Eddy et al., 2014; Bailey et al., 2020).
There are a few possible reasons why we did not find this rela-
tionship in our course. First, the range of representation of
women, in both the student body and instructional team, was
more limited in our study than others. For instance, Bailey et al.
(2020) examined courses where the percent of women attend-
ing ranged from 20 to 80%, but our class offerings ranged from
59 to 74% women. Similarly, studies that found significant
interactions between women’s grades and instructor gender did
so in courses taught solely by women (Lauer et al., 2013; Eddy
et al., 2014; Bailey et al., 2020); our course was typically co—
taught and included at least one man; only two offerings had
women-only instructional teams. Thus, the effect of gender rep-
resentation may be diluted when a course is always majority
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women, and the instructional team is mixed gender. Second,
instructional choices that may vary with instructor gender, such
as assessment and grading, were held constant in this course
(as per departmental policy). For instance, multiple-choice,
timed exams were exclusively used regardless of the individual
instructor, removing the possibility of subjective grading or
assessment differences. Last, the large overall class size, rather
than gender makeup of the student body, may have more of an
effect on women (Ballen et al., 2018; Odom et al., 2021), espe-
cially in a large class that is always majority-women.

We did not have records of daily attendance, nor did we
measure how students may have perceived the gender compo-
sition or size of the course in this study. We also were not able
to find studies describing how class size, student gender, or
other environmental factors are associated with student percep-
tions of these variables. Comparisons of the relationship
between student perceptions of overall class size and gender
classroom representation and the actual classroom composition
would help illuminate how these environmental factors may
influence student outcomes, affect, and attitudes.

Gendered Differences in Course Anxiety may Contribute
to Gendered Grade Disparities in Upper-Division Biology
Courses

Reported science self-efficacy and science identity at the begin-
ning of the upper-division biology course under study were cor-
related with final course grade for men and women. In contrast,
reported course anxiety was only correlated with course out-
comes for women. This result aligns with a growing body of
research showing that test anxiety may influence exam perfor-
mance for women, but not men, in introductory (Ballen et al.,
2017; Lowe, 2019; Cotner et al., 2020; Odom et al., 2021) and
upper-division biology (Salehi et al., 2019). We also found that
the effect of course anxiety on women’s grades persisted even
when prior academic preparation was accounted for using mul-
tilevel modeling, suggesting that anxiety may contribute to
some of the misalignment between prior academic performance
and grades seen for women in our course.

Gendered differences in course anxiety may disproportion-
ately affect women when combined with traditional, high-
stakes exam assessment. Our human physiology course used
exclusively multiple-choice, timed exams to assess student
learning, and this may have interacted with course anxiety dif-
ferences to shape the gender performance gap. High-stakes
exams, combined with traditional lecture formats, are associ-
ated with gendered performance gaps across biology courses
(Odom et al., 2021). When courses incorporate multiple forms
of assessment, especially low stakes assignments like projects,
quizzes, and homework, gender gaps can be reduced or even
reversed (Stanger-Hall, 2012; Ballen et al., 2017; Cotner and
Ballen, 2017; Salehi et al., 2019). Indeed, differences in assess-
ment structures has been hypothesized as a reason why gender
gaps were not observed in some upper-division biology courses,
as compared with larger introductory biology (Salehi et al.,
2019).

Importantly, these differences in course anxiety associated
with gender likely reflect institutionalized experiences of
women across STEM education, rather than intrinsic gender
differences in propensity towards anxiety. For instance, women
may experience sex discrimination, be it overtly or through

CBE—Life Sciences Education « 22:ar52, Winter 2023



microaggressions (Sue, 2010; Sekaquaptewa, 2019) in STEM
contexts (Steele et al., 2002; Funk and Parker, 2018). These
experiences may lead to increased stereotype threat, where
women are exposed to attitudes that convey the message that
women underperform or are “inferior” in scientific ability, and
thus, feel psychological pressure that their own performance
will reinforce this negative stereotype (Spencer et al., 1999;
Schmader, 2002). Indeed, stereotype threat has been proposed
to underlie gendered differences in test anxiety (Spencer et al.,
1999; Osborne, 2001), and can lead women to leave STEM
fields (Steele et al., 2002). Additionally, women may experi-
ence imposter syndrome (Clance and Imes, 1978) where they
feel inadequate, and a lack of belonging in science, despite their
own performance as evidence to the contrary. These systemic
and institutionalized experiences may accumulate as women
progress through their STEM degree (Cromley et al., 2013),
leading to women perceiving that they feel more anxious about
course outcomes compared with their peers. Future work is still
needed to address what experiences may underlie this sense of
relative anxiety, and what aspects of those experiences may
relate to students’ performance in high-stakes settings. How-
ever, our study shows that gendered differences in course anxi-
ety persist into the upper-division level, and these differences
may possibly result from institutionalized experiences of gen-
der stereotypes in STEM education.

Constraints of Final Grade Data
As we only had access to final registrar grades, we could not
evaluate the effects of variation in instructor grading practices
on student outcomes in the course in this study. While high-
stakes, multiple-choice exams were consistently used across all
offerings, instructors may have differed in the “cut offs” or heu-
ristics used to assign letter grades. This course is traditionally
graded “on a curve” a practice that researchers argue is not
objective and inconsistent and often promotes competition over
learning (Bowen and Cooper, 2022). Further, grade assign-
ment may be subject to gender bias. Instructors may subcon-
sciously view men more favorably than women during grade
assignment as has been observed in studies of implicit bias
when evaluating graduate school applicants (Moss-Racusin
et al., 2012). Gender may also affect the degree of student
involvement in the grading process; men tend to be more “aca-
demically entitled” (Ciani et al., 2008) and are more likely to
request regrades on assignments than women (Li and Zafar,
2020). Grade assignment practices remain an understudied
area in biology education research, and more work is needed to
understand how these practices affect student outcomes.
Additionally, without individual exam scores, we could not
examine how gender gaps may have emerged at the exam level
or whether they were consistent throughout all course exams.
Exams may have varied across offerings in multiple ways that
could have shaped the gender gap. First, variation in relative
exam weight, or the percent of the total course grade each
exam constitutes, could have led to differential gender gaps.
When manipulated within a single class, high weight exams
showed larger gender gaps than exams where the weight was
lower (e.g., exams that could be dropped), where the gender
gap actually reversed (Montolio and Taberner, 2021). This pat-
tern aligns with studies showing that women outperform men
on lower-stakes assignments (e.g., quizzes, homework, proj-
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ects) compared with exams (Ballen et al,, 2017; Cotner and
Ballen, 2017; Salehi et al., 2019). Second, variation in exam
question difficulty may contribute to gendered performance
gaps as one study has shown that women underperform on
higher Bloom’s taxonomy exam questions in introductory biol-
ogy (Wright et al., 2016), though more research remains to be
done. Last, limited time per exam question may have dispropor-
tionately affected women. All exams were limited to the
50-minute class period, but exam length, and thus time per
question, may have varied across offerings. When exams are
not timed (Miller et al., 1994) or when the length of the exam/
cognitive test is longer (Balart and Oosterveen, 2019), gender
gaps can be reduced (but see evidence to the contrary in phys-
ics; Tarchinski et al., 2022). Importantly, all these studies high-
light the significant impact of course structure, curriculum
choices and pedagogical practices on student outcomes. While
the mechanisms by which these changes impact gender out-
come disparities remain understudied, these changes likely
interact with affective factors such as test anxiety and stereo-
type threat, which themselves are likely to be the result of insti-
tutionalized biases and are not due to differences in objective
ability (Spencer et al., 1999). Future studies in upper-division
biology courses with access to exam-level data should evaluate
the impact of assessment changes on gendered grade dispari-
ties and affective factors like anxiety.

Limitations of the Study

As with final grades, we were limited to registrar data for demo-
graphic information, much of which is collected in a binary
manner. For instance, the impact of course structures on stu-
dents whose identities do not fit these binary definitions, such
as those of transgender or gender nonconforming students
(Cooper et al., 2020) and students with other concealable, stig-
matized identities (Chaudoir and Quinn, 2010) cannot be
examined with registrar data alone. While we incorporated
affective factors from course questionnaire data, this question-
naire data was limited to only three offerings of the course and
may not encompass the trends seen over the full ten-year
period. Further, we were limited to a single item to evaluate
science self-efficacy and course anxiety, rather than using vali-
dated scales. We were therefore unable to perform exploratory
factor analysis to validate these tools as they are only single
items. Our questionnaire also addressed “course anxiety” rather
than “test anxiety” per se. Despite these limitations, we still
found a significant gendered difference in course anxiety that is
consistent with published literature (Ballen et al., 2017; Cotner
and Ballen, 2017; Salehi et al., 2019). Future studies of these
affective factors should validate and use multi-item scales to
assess self-efficacy and anxiety in upper-division contexts. Last,
the trends we observed in this single course until 2019 may
have changed significantly after the impact of the COVID-19
pandemic and use of online and hybrid environments (e.g.
Mohammed et al., 2021; Ewell et al., 2022), and more recent
trends should be compared in future studies. Below, we high-
light opportunities for future research to expand upon our
study and further address these gendered grade disparities.

Recommendations for Future Research

The gendered performance gaps we observed could be
addressed by course modifications, ranging from those that
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could be implemented by individual instructors, to the addition
of supplemental instruction sections at the departmental level.
While there is a growing body of research on interventions at
the lower division level (e.g., Freeman et al., 2014; Wu et al.,
2021) which can be used to address gendered grade disparities
(Karim et al., 2018; Harris et al., 2019), few studies have
evaluated these strategies in upper-division courses. Impor-
tantly, many of these interventions and modifications can ben-
efit all students in the course, not just women, making courses
more equitable overall.

Given that we found gendered differences in anxiety, an
ideal starting point may be interventions that directly address
student course anxiety. Classroom interventions designed to
ameliorate test anxiety and/or stereotype threat show some
promise for closing gendered performance gaps in introductory
STEM courses, though results can vary (Miyake et al., 2010;
Jordt et al., 2017; Harris et al., 2019). Such interventions can
include exercises that encourage: 1) emotional reappraisal,
where students read information that frames physiological
arousal associated with stress as beneficial for performance
(Jamieson et al., 2010, 2013; Harris et al., 2019), 2) expressive
writing, which aims to ameliorate student anxieties by remov-
ing worries from working memory before exams (Frattaroli
et al., 2011; Ramirez and Beilock, 2011), and 3) values affirma-
tion, where students write and reflect on aspects of their lives
they consider valuable to combat stereotype threat (Wu et al.,
2021). These exercises could be relatively straightforward for
individual instructors to implement in a single class period
(Yeager and Walton, 2011; Borman, 2017), offering a feasible
starting place for making courses more equitable.

Instructors could also change course assessment and instruc-
tional methods with the goal of improving course outcomes for
all students. Research shows that incorporating mixed assess-
ments beyond exams may decrease test anxiety and benefit
women in introductory biology courses (Ballen et al., 2017;
Cotner and Ballen, 2017; Salehi et al., 2019). Decreasing high-
stakes nature of exams, such as changing the percent of the
total grade comprised by exams, increasing exam time, or
removing time limits on exams, as well as diversifying question
types, could also reduce outcome disparities (Weaver and Rap-
tis, 2001; Wright et al., 2016; Montolio and Taberner, 2021).
Instructors can also employ active learning in the large lecture
setting, an approach that has been shown to improve student
performance (Theobald et al., 2020). However, recent work
shows that some active learning techniques can heighten stu-
dent anxiety (England et al., 2017; Cooper et al., 2018; Down-
ing et al., 2020), in ways that can disproportionately affect
women (Eddy et al., 2015; Aguillon et al., 2020). Such out-
comes would be counterproductive to reducing gendered dif-
ferences in anxiety, and thus, instructors should carefully con-
sider the impacts of any strategies they utilize. Future research
should investigate the respective impacts of classroom structure
and assessment formats on test anxiety and gendered equity
gaps at the upper-division level.

Last, at the departmental level, the addition of supplemental
instruction (SI) sections holds promise for improving equity in
large enrollment upper-division courses such as the one in this
study. Supplemental instruction (SI) allows students to engage
with difficult course material in smaller class sections that cen-
ter collaborative learning and peer-engagement (Martin and
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Arendale, 1992). Enrollment in SI in introductory STEM courses
has been shown to particularly benefit students from racially
marginalized backgrounds (Rath et al., 2007; Peterfreund et al.,
2008; Anfuso et al., 2022) and women (Rabitoy et al., 2015;
Shapiro et al., 2016; Cole et al., 2018). SI sections may yield
these benefits because they incorporate many of the previously
mentioned strategies that address anxiety and other affective
factors; they employ active learning techniques in smaller class-
room settings, use lower-stake assessments (e.g., “pass/
no-pass” grading; Rath et al, 2007), and involve peer and
instructor interactions that may promote student sense of
belonging and perceived representation. While SI sections are
common practice in lower division courses, they are rarely
implemented for upper-division courses, and as a result, little is
known as to their possible impact at this course level. Given the
benefits seen in lower division courses (Martin and Arendale,
1992; Dawson et al., 2014), adding SI sections to large enroll-
ment upper-division courses could likely ameliorate some of the
outcome disparities seen across demographic factors in this
study.

Importantly, future analyses should expand our work to
examine if the gaps we observed in this single course are pres-
ent in other upper-division biology courses and across institu-
tions (Thompson et al., 2020). While this study focuses on only
one course at a single institution, it echoes prior patterns seen
in other upper-division biomedical courses (Rauschenberger
and Sweeder, 2010; Creech and Sweeder, 2012). While
upper-division STEM courses are not usually considered “gate-
way” courses, many have large enrollments and are part of a
“core” sequence required for graduation in a major. The initial
courses in such sequences are uniquely placed to become
“upper-division gateways” that could still affect student reten-
tion, graduation rates and opportunities for postgraduate
careers. Future work should examine the prevalence of equity
disparities in student outcomes in upper-division STEM courses
across disciplines and institutions and how these may contrib-
ute to late-stage student attrition. While such multi-institutional
studies have been conducted for introductory STEM courses
(Matz et al., 2017; Castle, 2021), an examination of upper-divi-
sion coursework is still needed. The presence of similar out-
come disparities in several institutions would point to structural
issues in upper-division courses across the higher education sys-
tem that have hitherto been hidden. Ideally, such research will
guide systemic and institutional change that can improve out-
comes for women throughout the course of the undergraduate
degree and promote retention of women in STEM nationwide.

CONCLUSIONS

We found evidence of gendered equity gaps in course grades in
a large-enrollment upper-division biology course across 10
years of data and 35 offerings. These gendered grade disparities
persisted even when other academic and demographic factors
were accounted for in multilevel models and did not appear to
relate to environmental factors like course size, gender ratio of
the classroom, and instructor gender. Detailed analysis of the
relationship between course grades and prior GPA revealed a
gendered preparation-outcome mismatch such that men
received higher grades even in offerings when women had
stronger academic preparation. We also identified gendered
differences in self-efficacy, science identity and course anxiety
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that were associated to student outcomes in the upper division
course. Together, our results underscore the importance of
examining gendered equity gaps and outcome-related psycho-
social factors beyond the introductory level, and a growing
need to apply pedagogical interventions to close such gaps in
upper-division courses.
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