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ABSTRACT
To investigate patterns of gender-based performance gaps, we conducted a meta-analysis of published studies and unpublished data collected across 169 undergraduate biology and chemistry courses. While we did not detect an overall gender gap in
performance, heterogeneity analyses suggested further analysis was warranted, so we
investigated whether attributes of the learning environment impacted performance
disparities on the basis of gender. Several factors moderated performance differences,
including class size, assessment type, and pedagogy. Specifically, we found evidence
that larger classes, reliance on exams, and undisrupted, traditional lecture were associated with lower grades for women. We discuss our results in the context of natural
science courses and conclude by making recommendations for instructional practices
and future research to promote gender equity.

INTRODUCTION
Extensive research on the experiences of women in science, technology, engineering, and mathematics (STEM) fields has revealed several common patterns of
inequalities that reduce the retention of women in STEM (Eddy and Brownell,
2016). Such systemic challenges include gender stereotypes about STEM careers
(DiDonato and Strough, 2013), poor mentorship (Newsome, 2008), unconscious
bias against women (Moss-Racusin et al., 2012), and inadequate institutional support to help balance family demands (Goulden et al., 2011). Beyond these systemic challenges, institutional and pedagogical choices can also have negative
impacts on metrics of performance for women. Examples include large class sizes
(Ballen et al., 2018), biased in-class participation (Aguillon et al., 2020; Bailey
et al., 2020), and reliance on multiple-choice exams (Stanger-Hall 2012). Due in
part to these challenges, women are less likely than men to complete science-related college majors and join the STEM workforce (Chen, 2013).
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Binary gender1 performance gaps2 in science are well documented in a variety of STEM courses (Brooks and Mercincavage,
1991; Grandy, 1994; Tai and Sadler, 2001; Rauschenberger and
Sweeder, 2010; Creech and Sweeder, 2012; Sonnert and Fox,
2012; Lauer et al., 2013; McCullough, 2013; Peters, 2013;
Hansen and Birol, 2014; Matz et al., 2017), including studies that
control for measures of incoming student ability (Eddy et al.,
2014; Eddy and Brownell, 2016; Wright et al., 2016; Salehi et al.,
2019b). In some higher education STEM studies that do not control for prior ability, there are cases in which there is no performance gap or one that favors women (Eddy and Brownell, 2016).
Controlling for incoming student ability or preparation can
account for differences in student performance that arise from
factors correlated with demographic characteristics (e.g., gender,
race/ethnicity, first-generation status; Salehi et al., 2020), so that
one can compare students with similar student ability or preparation. These controlled differences are interesting to researchers,
as they can point to classroom issues that create observed underperformance, defined as “not performing to ability” (Salehi et al.,
2019a). The “raw” performance outcomes in STEM course work
(not controlling for incoming preparation) can have lasting
repercussions on future STEM careers, and this is the analytical
approach we used in the current study. For example, Wang et al.
(2015) found that 12th-grade math scores—on which girls
underperformed relative to boys—mediated students’ selection
of STEM occupations in their early to mid-30s. In other cases, the
impact is immediate. Many undergraduate students start out in
introductory STEM courses that serve as required prerequisites
for continuing in their majors. If women receive low grades in
these introductory STEM courses, then they are less likely than
men with similar grades and academic preparation to retake the
course, more likely to drop out, and less likely to advance (Rask
and Tiefenthaler, 2008; Seymour and Hunter, 2019; Harris et al.,
2020). Thus, research that addresses factors that drive observed
performance gaps to minimize these inequities has the potential
to enhance the persistence of women in STEM.
Understanding factors that lead to inequities requires first
investigating ways that instructional practices affect student performance. Previous research has investigated a number of non–
mutually exclusive course elements hypothesized to impact gender performance gaps. For example, many introductory courses
are taught in large classrooms (Matz et al., 2017), despite evidence that large courses may negatively affect women’s performance (Ho and Kelman, 2014; Ballen et al., 2018) and partici-

pation (Ballen et al., 2019; Bailey et al., 2020). Assessment
strategies have also been proposed to have an impact on binary
gender gaps. Especially in large introductory courses, student
performance is often assessed primarily through the use of
timed, multiple-choice exams (Matz et al., 2017), despite
research that shows this approach is not a meaningful measure
of critical thinking or learning (Martinez, 1999; Dufresne et al.,
2002; Simkin and Kuechler, 2005) and may specifically disadvantage women (Ballen et al., 2017a). Performance gaps have
been shown to be higher on high-stakes exams than they are on
other proxies for performance, such as overall grade point average (GPA), or lower-stakes exams (Stanger-Hall, 2012; Kling
et al., 2013). Finally, the instructor’s pedagogical approach in the
classroom might impact performance. Substantial evidence now
confirms that active learning improves student outcomes in
STEM courses (Freeman et al., 2014), and it may offer disproportional benefits for other groups often underrepresented in
STEM, such as underrepresented minority students (Eddy and
Hogan, 2014; Ballen et al., 2017b; Casper et al., 2019; Theobald
et al., 2020) and first-generation students (Eddy and Hogan,
2014). However, when it comes to gender gaps, the effectiveness of active learning has been mixed. While some studies claim
reduced gender gaps in active-learning courses (Lorenzo et al.,
2006), other studies have been unable to reproduce the same
effect (Pollock et al., 2007; Madsen et al., 2013; Ballen et al.,
2017b). Yet other studies have noted the potential for active
learning to exacerbate inequities that could influence performance for students with anxiety (England et al., 2017; Cohen
et al., 2019), which would disproportionately affect women
(Cooper et al., 2018a; Downing et al., 2020) and could lead to
gender gaps.
To test the hypothesis that gender impacts performance in
natural science courses and to test the impact of moderators on
relative performance outcomes, we conducted a meta-analysis
by analyzing data from a wide selection of published and unpublished data (Glass, 1976). Focusing on undergraduate-level biology and chemistry (e.g., general biology, cell biology, biochemistry, general chemistry; see Supplementary Material for more
information), we analyzed student scores from a large number
of courses and institutions to identify factors that impact gender
equity. Specifically, we address the following questions:

1

1. Is there a performance gap between men and women in
undergraduate biology and chemistry courses?
2. What classroom factors (e.g., class size, assessment type,
pedagogy) narrow historic gender gaps by promoting women’s performance?

Some argue that studies focusing on performance gaps are problematic due to
their potential to promote deficit thinking and negative narratives about subsets
of students (e.g., Gutiérrez, 2008). Critics point to how students are referred to in
terms of what they are not: not prepared for course work, not traditional students,
not in an advantaged position.  Our intent here is to study academic disparities in
order to change the current structures and institutions to promote practices that
reduce or close gaps in student outcomes and inform education policy and biology
teaching.

METHODS
Study Identification
We identified studies following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) protocol
(Moher et al., 2009; Supplemental Figure S1). On February 27,
2019, we performed a database search of three online education research–affiliated databases: ERIC, Education Research
Complete, and PsychINFO, with search results limited to journal
articles, theses, and dissertations. We used the following search
terms, limited to subject descriptors: (biology OR STEM OR science OR medical OR chemistry) AND (education OR achievement OR test OR performance OR outcomes OR examinations

In the current study, we did not have data available that are inclusive of transgender, nonbinary, and/or gender-nonconforming people. This is due to low sample
sizes, which can lead to student privacy concerns, and the fact that institutional
registrars generally do not include these options. Additionally, some of the papers
we studied confound sex and gender or incorrectly use “male” and “female” exclusively or interchangeably with “men” and “women” to describe binary gender.
Hereafter, we use the term “gender” to describe men and women, while acknowledging the limitations of these categories and the need for future research to be
more inclusive of the continuum of gender.
2
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OR student) AND (university OR college OR higher education
OR adulthood) AND (sex OR gender OR female OR gap) NOT
foreign countries NOT admission NOT readiness NOT high
school NOT career.
We used the following inclusion criteria to determine
whether the studies identified by this search would be included
in the final data set:
1. Data were collected in undergraduate-level courses at colleges and universities in the United States.
2. Data came from a course within the biological and chemical
sciences. Data could be aggregated across multiple sections
of the same course but could not be combined across different courses.
3. Data included exam scores (average score on one or more
exams), course grades (the final grade that students received
in a course), or science concept inventory (CI) scores disaggregated by gender.
Data from published studies were screened and coded by
authors S.O. and H.B. We screened the studies first by reading
the abstracts. To increase the number and scope of classroom
scores in our analysis, we carried over into full-text screenings
both studies that focused on student academic performance and
studies that focused on other classroom elements, in case student scores were provided as context for those studies. Studies
that were not disqualified based on the abstract were downloaded and the full text screened. Studies were included in our
final data set only if we could ensure that all study criteria were
met. When studies suggested that data that met our criteria
were collected but not included in the publication, we emailed
the study’s author(s) to request additional data. Our original
search identified 2822 studies. Abstract screening and exclusion
of duplicate studies removed 2689 studies, leaving 133 studies
for full-text evaluation. Of these, 25 studies could not be
accessed, 39 were not conducted in the appropriate setting, and
51 lacked the appropriate data needed for this study (study did
not provide grades, scores were not disaggregated by gender,
etc.; Supplemental Figure S1). For 22 studies, the text suggested
that the authors collected data that fit our criteria, but the data
were not included in the published paper. In these cases, we
requested data directly from the authors. We were unable to get
in contact with the authors of 10 studies. For nine studies, we
were able to contact authors, but they were unable to provide us
with data because of privacy concerns or because they could no
longer access it. Authors of three studies shared data, which we
included in the final data set. In total, 18 published studies met
all of the required criteria for inclusion (see Supplementary
Material for full list of published studies included in the analysis). These studies included 89 different courses. Of these
courses, 35 included aggregate data for multiple sections. We
note that class size was not calculated based on sample size in
these cases; for aggregated data, class size was either missing,
or we used average class size. Additionally, we collected course
grades and descriptions of 80 individual courses from institutions across the United States in conjunction with the Equity
and Diversity in Undergraduate STEM Research Coordination
Network (i.e., unpublished data; Thompson et al., 2020). These
data were collected during the course of normal academic
classes, with the intention of using them in education research
studies that focus on different aspects of equity. Because the
CBE—Life Sciences Education • 20:ar40, Fall 2021

instructors who collected these data were involved in this study,
we were able to directly follow up on any questions about these
data and how they fit this study’s criteria. Data were provided in
the form of raw grades, which authors S.O. and C.J.B. used to
calculate mean scores and SD for men and women students. We
had multiple comparisons from a subset of the n = 169 courses
(e.g., both exam score and course grade), and so our data set
included n = 246 comparisons and more than 28,000 students.
Data Collection
The research reported was determined to be exempt from
Auburn University’s Institutional Review Board (protocol 19-355
EX 1908). From each course, we collected sample size, mean
scores, and SD for men and women for whichever of the three
specified assessment types (exam scores, final grades, or science
CI) were available. If SD and other measures of variance were
not included (9.76% of studies), we imputed them based on the
average SD of the other scores in each assessment category
(Furukawa et al., 2006). To account for the possibility that these
studies had larger SDs than the average, we also ran a sensitivity
analysis by using a larger SD (75th percentile). Because this did
not change any of the outcomes (see Supplemental Table S4),
we present only the results calculated using average SD. For
three studies, gender differences in scores were only available in
the form of z-scores. Additionally, we collected the following
information as it was available (Supplemental Table S1): institution name and/or type (Supplemental Table S2), course title
(e.g., Introduction to Biology), broader topic (biology or chemistry), intended student audience (natural science major or nonmajor), number of sections (one or multiple sections), class size,
instructor(s) gender, pedagogy (lecture-based or active learning), assessment type (exam score, final course grade, or CI),
and course level (introductory/lower division or upper division;
Figure 1). We categorized introductory courses as those with a
course title that included the terms “introductory” or “principles” or when the description of the course included this information. We categorized upper-level courses as those that had
prerequisites or when the study specified that upper-level students typically took them. To include pedagogy in a quantitative
model, we categorized descriptions provided by instructors or
the literature into either lecture based or active learning (Supplemental Table S3). In “lecture” courses, the majority of course
time was dedicated to instruction by the teacher, with few if any
alternative activities occurring during a normal class period.
“Active learning,” a broad category describing approaches
designed to increase student engagement (Freeman et al., 2014;
Driessen et al., 2020), included courses that incorporated interactive and student-focused activities into the course structure.
Using the descriptions provided in each study, two authors (S.O.
and C.J.B.) individually categorized the pedagogy of each
course, with initial interrater agreement of 83.3%. The primary
source of disagreement was in cases in which a course incorporated activities as part of a required laboratory component. We
decided to focus only on the lecture component of the course,
and following this discussion, we achieved 100% agreement.
Statistical Analyses
We ran all statistical analyses using R v. 3.6.2 (R Core Team,
2019) within R studio v. 1.2.5033 (R Studio Team, 2019). We
used the metafor package (Viechtbauer, 2010) for effect size
20:ar40, 3
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We set up these calculations so that a positive Hedges’s g indicates that women scored
higher than men, while a negative Hedges’s
g indicates that men scored higher than
women. The degree of difference is based
on the absolute value of the effect size.
While interpretations of effect size impact
vary depending on the context of comparisons, within education, Hedges and
Hedberg (2007) suggest that Hedges’s g
values of 0.2 and greater can indicate differences that should be of interest to policy
makers.
We used a random effects model, with
university and subject as nested random
effects (Konstantopoulos, 2011), to calculate the overall effect size based on the
Hedges’s g estimates and sampling variances of all of the grade comparisons, using
the Hedges’s estimator to account for heterogeneity. Some studies provided both
course grade and average exam score. In
these cases, we used course grade in calculating the overall effect size (we obtained
the same results when exam grades were
prioritized; see Supplemental Table S4).
We checked for publication bias by generating a funnel plot, running a trim-and-fill
analysis, and calculating a fail-safe n using
the Rosenberg method (Rosenberg, 2005).
Based on initial results, we used a mixed
FIGURE 1. Descriptive summary of classes in meta-analysis. (A) Histogram of class sizes;
effects model to measure the impact of
(B) number of comparisons for each assessment type: science CIs, course grade, exam
course factors on gender gaps. We selected
grade; (C) classes by broad subject (biology or chemistry) and level (intro or non-intro);
models based on AIC (Arnold, 2010; Theoand (D) percentage of pedagogy categories.
bald, 2018), considering the following as
potential fixed effects: class size, assessment
type
(science
CIs,
exam scores, and course grade), pedacalculations, models, and checking for publication bias; the
gogy category (active or traditional lecture), course level (introMuMIn package (Barton, 2020) for model selection by Akaike
ductory or upper level), and broad topic (biology or chemistry).
information criterion (AIC); the multcomp package (Hothorn
University and subject were included as nested random effects
et al., 2008) for pairwise comparisons; and the tidyverse pack(Konstantopoulos, 2011). Because we took this approach, we
age (Wickham et al., 2019) to streamline coding and create
advise readers to interpret our moderators in an “all-else-equal”
some of the graphs.
context, with the “all” consisting of our other variables. Because
To account for differences in grade distributions across difassessment type contained three factors, we performed post hoc
ferent courses, we quantified gender gaps by calculating a stanpairwise comparisons on assessment type using Tukey and
dardized mean difference for each course in the form of
Holm adjustments to compare each of the factors against each
Hedges’s g (Hedges, 1981):
other.
( Mean men’s score) − ( Mean women’s score) 
g=
RESULTS
Pooled weighted SD
We did not identify a significant gender gap in performance
across all published studies and unpublished data (Hedges’s g =
N −3
N −2
×
×
N − 2.25
N
−0.2268, p value = 0.4119; Supplemental Table S4 and Supplemental Figure S2). This model had a high degree of heterogeneity (I2 = 97.00%), suggesting other factors may play a role in
For Hedges’s g calculated from z-scores rather than means, we
explaining variation in the data, which we describe in detail
used the following formula:
below.
We found a negligible impact of publication bias in this data
g = ( Mean women’s z -score) − ( Mean men’s z -score)
set. While some points fell outside the expected distribution
cone in the funnel plot, the distribution of data was relatively
N −3
N −2
×
×
N − 2.25
N
symmetrical (Figure 2). Furthermore, a trim-and-fill analysis
20:ar40, 4
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high degree of heterogeneity within the data, we explored a
number of factors that might be associated with our outcomes.
We identified three course elements that predicted gender performance differences—class size, assessment type, and pedagogy. We explored how these factors might impact the historic
underrepresentation of women in STEM. Specifically, larger
courses and high-stakes exams were associated with underperformance of women relative to men in natural science courses.
We also found that, relative to traditional lecture, the incorporation of active-learning strategies was associated with higher
performance outcomes among women. Surprisingly, we did not
observe differences in gender gaps based on whether the classes
in question were biology or chemistry, despite the disciplines’
differences in coverage and culture. We discuss the implications
of each impactful factor in the following sections.

FIGURE 2. Standard error funnel plot addressing publication bias.
In a study with minimal publication bias, data should be symmetrically spread, with the majority of data within the indicated cone.

did not add any additional points, meaning that there were not
any identified gaps in the data distribution. The fail-safe n calculation predicted that 7768 “missed” studies would need to
exist to invalidate the study’s conclusions. Based on these
results, we proceeded with the remaining analyses without any
publication bias correction.
We conducted further analyses using mixed models to identify classroom factors that may explain variation in our data
(Figure 3). We used the AIC to identify several models within
ΔAIC < 2 (Table 1). We identified three equivalent models with
the lowest AIC values and selected the most parsimonious
model. This model included class size, assessment type, and
pedagogy as fixed effects and university and subject as random
effects. The final model excluded other potential variables of
interest, such as whether the class was an introductory or
upper-level course and the subject (biology or chemistry).
Class size was significantly associated with gender gaps
(p value < 0.001) with women’s relative performance dropping
as class size increased (Figures 1 and 3). We examined three
different assessment types: CIs, exam scores, and course grade
(Table 2). Of these assessment types, model-based estimates
predicted that, on average, women perform better on course
grades than on exams; pairwise comparisons revealed SD
between women and men increasing by 0.142 when considering exam scores instead of course grades (Table 3). CI scores
were not significantly different from either exam scores or
course grades (Table 3 and Figure 3). Finally, we found that, on
average, active-learning strategies benefited women’s performance compared with traditional lecture (Table 3).
DISCUSSION
Across all classes, we did not detect a statistically significant
gender gap within biology and chemistry courses. Due to the
CBE—Life Sciences Education • 20:ar40, Fall 2021

Class Size
Our results add to a chorus of studies calling for a decrease in
class size to promote student learning and performance. Based
on our model, an increase in class size from 50 to 250 students
increases gender gaps by ∼0.4 SDs. Prior studies note the association of smaller courses with increased student performance
(Achilles, 2012; Ballen et al., 2018), satisfaction with course
experience (Cuseo, 2007), and equitable participation (Ballen
et al., 2019). However, large courses remain common in undergraduate studies, especially for introductory-level courses
(Matz et al., 2017). While institutional demands limit the availability of small classrooms (Saiz, 2014), instructors should be
aware of this effect and implement strategies to counter some
of the depersonalized, didactic, threat-promoting aspects of the
large-lecture environment, such as using group work (Springer
et al., 1999; Chaplin, 2009), learning assistants (Knight et al.,
2015), names (Cooper et al. 2017), humor (Cooper et al.
2018b), in-class formative assessment techniques (Lowry et al.,
2006; Knight et al., 2013), and strategic use of role models
(Schinske et al., 2016; Yonas et al., 2020). Because it is unlikely
large classes will become smaller any time soon, future research
would profit from an explicit focus on the elements of large
classes (other than literal class size) that contribute to gaps in
performance. Two examples include research that compares the
effectiveness of active-learning strategies between small and
large classrooms or tests the impact of two different assessment
strategies within large classes. Additionally, descriptive work
that isolates certain practices unique to and frequently used in
large classes, but not in smaller classes, would build a foundational understanding of factors that may hinder or promote
subsets of students.
Assessment Type
We found exams contributed to gender gaps favoring men in
introductory science. Based on our model, focusing on course
grades, rather than only exam scores, results in a decrease in
gender gaps by ∼0.14 SDs. This supports previous research
showing that, while exam scores disadvantage women, other
assessments in students’ final course grades contribute to more
equitable outcomes (Salehi et al., 2019b). While it is common
for courses—especially large, introductory courses—to rely
heavily on exams to assess students (Koester et al., 2016), this
approach may not always provide an accurate reflection of students’ knowledge or critical-thinking skills (Martinez, 1999;
20:ar40, 5
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FIGURE 3. Predicted gender gaps across different class sizes and combinations of pedagogies (active, lecture) and assessment types
(course grade, exam scores, and CIs) in units of Hedges’s g. Assuming grades are assigned on a bell curve, the difference of one Hedges’s g
is approximately the difference of one letter grade (though interpretations will vary based on the class grade distribution).

Dufresne et al., 2002). It is also unlikely that a student’s exam
score is a reflection of that student’s ability to conduct tasks
proficiently as a disciplinary scientist. Furthermore, previous
research in undergraduate science classrooms shows women
are disproportionately affected by test anxiety, leading to
lower exam scores (Ballen et al., 2017a; Salehi et al., 2019b).
Instructors can promote equity by clearly outlining learning
objectives and aligning exam and homework questions
20:ar40, 6

(Feldman, 2018) and by integrating affirmation exercises
before exams (Miyake et al., 2010; Harris et al., 2019). Instructors can lower the sense of risk in exams by allowing students
to retake exams (Nijenkamp et al., 2016; Sullivan, 2017), lowering the stakes of exams (Cotner and Ballen, 2017), or avoiding multiple-choice exams altogether (Stanger-Hall, 2012).
The majority of course grades in our sample included exam
scores in their calculation; however, course grades also
CBE—Life Sciences Education • 20:ar40, Fall 2021

Meta-analysis of Gender Performance Gaps
TABLE 1. Model selection by AIC values, with the model selected for remaining analyses in bold type
Model (random effects = university/subject)

AIC

Δi

wi

Assessment+pedagogy+class.size
Assessment+pedagogy+intro.or.upper+class.size
Assessment+pedagogy+biol.or.chem+class size

531.1
532.3
532.7

0.00
1.18
1.61

0.413
0.228
0.184

typically incorporate other types of assessments, such as
participation, homework, quizzes, or in-class assignments.
While some of the assessments included in this study may
have incorporated one or more of the recommendations listed,
their effects are outside of the scope of this analysis. Future
research with an explicit focus on the impact of lowering the
stakes of exams will clarify effective methods.
We found the association of CIs on gender gaps did not differ
significantly from other assessment types. CIs are unique,
because they probe student understanding of fundamental concepts using systematic classroom assessment techniques (Smith
and Tanner, 2010). Because of sample size limitations, we caution readers as they interpret our results, and encourage future
work to address the impacts of CIs on performance gaps in
more depth.
Pedagogy
Active learning is increasingly implemented in undergraduate
classrooms, and for good reason: plenty of research has demonstrated its advantages in regard to improving student grades
(Smith et al., 2009; Freeman et al., 2014). We show that
active-learning practices, as opposed to traditional lecture,
increased women’s performance in natural science courses,
with our model predicting a decrease in gender gaps by
∼0.26 SDs in active-learning classes compared with traditional
lecture. This relationship may hinge on one of the following

belonging through the development of in-group relationships
(Eddy et al. 2015; Eddy and Hogan, 2014); and the use of
metacognition to normalize student perceptions of challenges
in the course curriculum (Tanner, 2012). However, we encourage readers to interpret these results with caution due to varied
implementation of active-learning practices across our categories (see Limitations section).
Limitations
One factor this analysis did not control for was incoming preparation. Due to the format and availability of the data included
in the analyses, we focused on raw outcomes, without accounting for any initial differences in performance between men and
women when they entered the courses. This is a limitation,
because previous work identifies incoming preparation (often
in the form of ACT/Scholastic Aptitude Test scores or high
school GPA) as a key predictor of a student’s outcome in a
course (Lopez et al., 2014; Rodriguez et al., 2018). Thus, it is
difficult to address the extent of inequality in the classroom
without controlling for these differences.
We identified published studies primarily through our database search of ERIC, Education Research Complete, and
PsychINFO. We chose to focus on these three databases in order
to identify a broad range of education papers without pulling a
high volume of duplicate studies. We should acknowledge that
there are other education databases and search engines that we

TABLE 2. Model estimates, with factors with significant slopes in bold type
Regression coefficient

Estimate ± SE

p value

Intercept
Class size

0.273 ± 0.416
−0.002 ± 0.000

0.512
<0.001

Assessment type (reference level: exams)
Course grade
CI

0.142 ± 0.040
−0.661 ±1.631

<0.001
0.685

0.262 ± 0.089

0.003

Pedagogy (reference level: lecture)
Active

factors associated with active learning: the development of
self-efficacy through scaffolded interactions and consistent,
low-stakes assessment (Ballen et al., 2017b); increased sense of

did not explore that may have yielded additional studies. Furthermore, we did not hand search any journals or “snowball”
additional papers from studies. However, we believe that our

TABLE 3. Pairwise comparison between multileveled assessment type, with pairs with a significant difference in bold type
Comparison

Estimate

Assessment type
CI–exams
Course–exams
Course–CI

−0.661
0.142
0.803

CBE—Life Sciences Education • 20:ar40, Fall 2021

SE
1.631
0.040
1.631

z value
−0.405
3.546
0.492

Pr(>|z|)
1.000
0.001
1.000

20:ar40, 7
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data set is comprehensive and representative because of the
high number of studies yielded by the searches we did perform,
as well as the high fail-safe n calculated in our checks for publication bias.
Our investigations were limited due to the fundamental
nature of meta-analytic methods, which are based entirely on
published or previously collected data. The factors we chose to
investigate were chosen based on the general availability of
adequate descriptions in the educational research studies we
included. Often, descriptions of certain course elements were
limited to studies specifically investigating that effect, and some
factors that we originally wished to investigate had to be abandoned due to limited data. For example, we were interested in
how institution type may play a role, but we did not possess
comprehensive data across all institution types, such as small
liberal arts colleges. Additionally, high-stakes exams may be
more common in larger courses, so course size may not be the
problem, but rather the reliance on high-stakes exams to assess
students. Unfortunately, we did not have access in the study
sample to examples of large courses that used other types of
assessments.
Another limitation was our broad categorization of active
classrooms versus traditional lecture classrooms. Active learning is broadly defined in the literature: Freeman et al. (2014)
solicited responses from 338 biology seminar audience members and defined active learning as that which “engages students in the process of learning through activities and/or discussion in class, as opposed to passively listening to an expert.
It emphasizes higher-order thinking and often involves group
work” (Freeman et al., 2014, pp. 8413–8414). Based on biology
education literature (n = 148 articles) and feedback from biology instructors (n = 105 individuals), Driessen et al. (2020)
defined active learning as “an interactive and engaging process
for students that may be implemented through the employment
of strategies that involve metacognition, discussion, group
work, formative assessment, practicing core competencies,
live-action visuals, conceptual course design, worksheets, and/
or games, p. 6.” These definitions make clear that what is
encompassed under the term “active learning” is extensive. It is
used to describe a wide variety of different instructional practices that are infrequently detailed in scholarly publications
(Driessen et al., 2020). Although some studies have assessed
the effect of specific strategies, such as audience response questions (Caldwell, 2007; Smith et al., 2009; Knight et al., 2013),
group discussions (Miller and Tanner, 2015), case studies (Allen
and Tanner, 2005; Miller and Tanner, 2015), and flipped classrooms (Tucker, 2012; van Vliet et al., 2015; Rahman and Lewis,
2020), among others, our results add urgency to the need to
move beyond coarse categorizations of active learning to more
fine-grained work, as it clearly matters to marginalized groups
(Thompson et al., 2020). Our research was limited by the publication or instructor descriptions of each course. When descriptions were available, they ranged from highly specific descriptions of the class period to simple designations (i.e., “this was
an active-learning course” or “traditional lecture course”). We
acknowledge that the categories are not precise and do not fully
reflect the range and nuance of what occurs inside each classroom. And while approximately 60% of the courses we included
in our analysis were considered active-learning courses, we recognize that, nationally, far fewer classrooms include active
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learning (Stains et al., 2018), and it is likely that published
studies on active learning may bias toward instructors who are
more proficient at active learning. An instructor’s experience
with and understanding of how to implement active learning
likely impacts its effectiveness (Andrews et al., 2011), meaning
that a strategy that works in some classrooms might not always
show the same effects in other classrooms.
Finally, we recognize that binary gender is noninclusive language. However, the gender binary has been heavily relied
upon in prior studies, and as such, this analysis follows the
model laid out in the studies we included, meaning that at this
time we cannot address how gender identity outside the gender
binary affects student performance in different settings. We also
recognize that gender is not the only identity-related factor that
affects student performance. Many other elements of identity,
such as race/ethnicity (Beichner et al., 2007; Ballen et al.,
2017b), socioeconomic status (Haak et al., 2011), and LGBTQ+
status (Cooper and Brownell, 2016; Henning et al., 2019) can
effect a student’s experiences in a course, and it is likely that
these factors could interact with gender expectations in ways
that lead to patterns within certain subgroups that differ from
our reports.
Final Remarks
Our results point to multiple ways that instructors and administrators can work to promote equitable outcomes in undergraduate classrooms. Particularly in introductory gateway courses,
where students appraise their fit in a field based on performance outcomes relative to their peers, reducing class sizes
when possible, decreasing reliance on high-stakes exams, and
incorporating active-learning strategies into every lecture are
possible avenues to promote equity. By using informed, datadriven solutions, instructors and institutions can create more
inclusive classrooms.
ACKNOWLEDGMENTS
We are grateful to the biology education research group at
Auburn University for help with data collection and valuable
feedback on versions of the article: Emily Driessen, Todd Lamb,
Egypt Pettway, Sara Wood, Sharday Ewell, Chloe Josefson,
Abby Beatty, Tashitso Anamza, and Ash Zemenick. This work is
supported by NSF DBI-1919462 awarded to S.C., S.F., and
C.J.B.; DUE-2011995 awarded to C.J.B.; the Alabama Agricultural Experiment Station; the Hatch Program of the National
Institute of Food and Agriculture; and the U.S. Department of
Agriculture.
REFERENCES
Achilles, C. M. (2012). Class-size policy: The Star experiment and related
class-size studies (NCPEA policy brief, Vol. 1, No. 2). NCPEA Publications.
Retrieved June 5, 2020, from https://eric.ed.gov/?id=ED540485
Aguillon, S. M., Siegmund, G.-F., Petipas, R. H., Drake, A. G., Cotner, S., &
Ballen, C. J. (2020). Gender differences in student participation in an active-learning classroom. CBE—Life Sciences Education, 19(2), ar12.
https://doi.org/10.1187/cbe.19-03-0048
Allen, D., & Tanner, K. (2005). Infusing active learning into the large-enrollment
biology class: Seven strategies, from the simple to complex. Cell Biology
Education, 4(4), 262–268. https://doi.org/10.1187/cbe.05-08-0113
Andrews, T. M., Leonard, M. J., Colgrove, C. A., & Kalinowski, S. T. (2011).
Active learning not associated with student learning in a random sample
of college biology courses. CBE—Life Sciences Education, 10(4), 394–
405. https://doi.org/10.1187/cbe.11-07-0061

CBE—Life Sciences Education • 20:ar40, Fall 2021

Meta-analysis of Gender Performance Gaps
Arnold, T. W. (2010). Uninformative parameters and model selection using
Akaike’s information criterion. Journal of Wildlife Management, 74(6),
1175–1178. https://doi.org/10.1111/j.1937-2817.2010.tb01236.x

Cuseo, J. (2007). The empirical case against large class size: Adverse effects
on the teaching, learning, and retention of first-year students. Journal of
Faculty Development, 21(1), 5–21.

Bailey, E. G., Greenall, R. F., Baek, D. M., Morris, C., Nelson, N., Quirante, T. M.,
... & Williams, K. R. (2020). Female in-class participation and performance
increase with more female peers and/or a female instructor in life sciences courses. CBE—Life Sciences Education, 19(3), ar30.

DiDonato, L., & Strough, J. (2013). Do college students’ gender-typed attitudes about occupations predict their real-world decisions? Sex Roles,
68(9–10), 536–549. https://doi.org/10.1007/s11199-013-0275-2

Ballen, C. J., Aguillon, S. M., Awwad, A., Bjune, A. E., Challou, D., Drake, A. G., ... &
Cotner, S. (2019). Smaller classes promote equitable student participation in
STEM. BioScience, 69(8), 669–680. https://doi.org/10.1093/biosci/biz069
Ballen, C. J., Aguillon, S. M., Brunelli, R., Drake, A. G., Wassenberg, D., Weiss,
S. L., ... & Cotner, S. (2018). Do small classes in higher education reduce
performance gaps in STEM? BioScience, 68(8), 593–600. https://doi
.org/10.1093/biosci/biy056
Ballen, C. J., Salehi, S., & Cotner, S. (2017a). Exams disadvantage women in
introductory biology. PLoS ONE, 12(10), e0186419. https://doi
.org/10.1371/journal.pone.0186419
Ballen, C. J., Wieman, C., Salehi, S., Searle, J. B., & Zamudio, K. R. (2017b).
Enhancing diversity in undergraduate science: Self-efficacy drives performance gains with active learning. CBE—Life Sciences Education,
16(4), ar56. https://doi.org/10.1187/cbe.16-12-0344
Barton, K. (2020). MuMIn: Multi-model inference (R package version 1.43.17).
Retrieved June 5, 2020, from https://cran.r-project.org/web/packages/
MuMIn/index.html
Beichner, R., Saul, J., Abbott, D., Morse, J., Deardorff, D., Allain, R. J., ... &
Risley, J. S. (2007). Student-Centered Activities for Large Enrollment Undergraduate Programs (SCALE-UP) project. In Redish, E., & Cooney, P.
(Eds.), Research-based reform of university physics (pp. 1–42). College
Park, MD: American Association of Physics Teachers.
Brooks, C. I., & Mercincavage, J. E. (1991). Grades for men and women in
college courses taught by women. Teaching of Psychology, 18(1), 47–
48. https://doi.org/10.1207/s15328023top1801_17
Caldwell, J. E. (2007). Clickers in the large classroom: Current research and
best-practice tips. CBE—Life Sciences Education, 6(1), 9–20. https://doi.
org/10.1187/cbe.06-12-0205
Casper, A. M., Eddy, S. L., & Freeman, S. (2019). True grit: Passion and persistence make an innovative course design work. PLoS Biology, 17(7),
e3000359. https://doi.org/10.1371/journal.pbio.3000359
Chaplin, S. (2009). Assessment of the impact of case studies on student
learning gains in an introductory biology course. Journal of College Science Teaching, 39(1), 72.
Chen, X. (2013). STEM attrition: College students’ paths into and out of STEM
fields. Statistical analysis report (NCES 2014-001). Washington, DC:
National Center for Education Statistics.

Downing, V. R., Cooper, K. M., Cala, J. M., Gin, L. E., & Brownell, S. E. (2020).
Fear of negative evaluation and student anxiety in community college
active-learning science courses. CBE—Life Sciences Education, 19(2),
ar20.
Dufresne, R. J., Leonard, W. J., & Gerace, W. J. (2002). Marking sense of students’ answers to multiple-choice questions. Physics Teacher, 40(3),
174–180. https://doi.org/10.1119/1.1466554
Driessen, E. P., Knight, J. K., Smith, M. K., & Ballen, C. J. (2020). Demystifying
the meaning of active learning in postsecondary biology education.
CBE—Life Sciences Education, 19(4), ar52.
Eddy, S. L., & Brownell, S. E. (2016). Beneath the numbers: A review of gender
disparities in undergraduate education across science, technology, engineering, and math disciplines. Physical Review Physics Education Research,
12(2), 020106. https://doi.org/10.1103/PhysRevPhysEducRes.12.020106
Eddy, S. L., Brownell, S. E., Thummaphan, P., Lan, M. C., & Wenderoth, M. P.
(2015). Caution, student experience may vary: Social identities impact a
student’s experience in peer discussions. CBE—Life Sciences Education,
14(4), ar45.
Eddy, S. L., Brownell, S. E., & Wenderoth, M. P. (2014). Gender gaps in achievement and participation in multiple introductory biology classrooms.
CBE—Life Sciences Education, 13(3), 478–492.
Eddy, S. L., & Hogan, K. A. (2014). Getting under the hood: How and for
whom does increasing course structure work? CBE—Life Sciences Education, 13(3), 453–468. https://doi.org/10.1187/cbe.14-03-0050
England, B. J., Brigati, J. R., & Schussler, E. E. (2017). Student anxiety in introductory biology classrooms: Perceptions about active learning and persistence in the major. PLoS ONE, 12(8), e0182506.
Feldman, J. (2018). Grading for equity: what it is, why it matters, and how it
can transform schools and classrooms. Thousand Oaks: Corwin Press.
Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt,
H., & Wenderoth, M. P. (2014). Active learning increases student performance in science, engineering, and mathematics. Proceedings of the
National Academy of Sciences USA, 111(23), 8410–8415. https://doi
.org/10.1073/pnas.1319030111
Furukawa, T. A., Barbui, C., Cipriani, A., Brambilla, P., & Watanabe, N. (2006).
Imputing missing standard deviations in meta-analyses can provide accurate results. Journal of Clinical Epidemiology, 59(1), 7–10. https://doi.
org/10.1016/j.jclinepi.2005.06.006

Cohen, M., Buzinski, S. G., Armstrong-Carter, E., Clark, J., Buck, B., & Reuman, L. (2019). Think, pair, freeze: The association between social anxiety
and student discomfort in the active learning environment. Scholarship
of Teaching and Learning in Psychology, 5(4), 265–277. https://doi
.org/10.1037/stl0000147

Glass, G. V. (1976). Primary, secondary, and meta-analysis of research. Educational Researcher, 5(10), 3–8. https://doi.org/10.3102/0013189X005010003

Cooper, K. M., & Brownell, S. E. (2016). Coming out in class: Challenges and
benefits of active learning in a biology classroom for LGBTQIA students.
CBE—Life Sciences Education, 15(3), ar37.

Grandy, J. (1994). Gender and ethnic differences among science and engineering majors: Experiences, achievements, and expectations. ETS Research Report Series, 1994(1), i–63. https://doi.org/10.1002/j.2333
-8504.1994.tb01603.x

Cooper, K. M., Downing, V. R., & Brownell, S. E. (2018a). The influence of
active learning practices on student anxiety in large-enrollment college
science classrooms. International Journal of STEM Education, 5(1), 23.
Cooper, K. M., Haney, B., Krieg, A., & Brownell, S. E. (2017). What’s in a name?
The importance of students perceiving that an instructor knows their
names in a high-enrollment biology classroom. CBE—Life Sciences Education, 16(1), ar8.
Cooper, K. M., Hendrix, T., Stephens, M. D., Cala, J. M., Mahrer, K., Krieg, A., …
& Jones, R. (2018b). To be funny or not to be funny: Gender differences
in student perceptions of instructor humor in college science courses.
PLoS ONE, 13(8), e0201258.
Cotner, S., & Ballen, C. J. (2017). Can mixed assessment methods make biology classes more equitable? PLoS ONE, 12(12), e0189610. https://doi
.org/10.1371/journal.pone.0189610
Creech, L. R., & Sweeder, R. D. (2012). Analysis of student performance in
large-enrollment life science courses. CBE—Life Sciences Education,
11(4), 386–391. https://doi.org/10.1187/cbe.12-02-0019

CBE—Life Sciences Education • 20:ar40, Fall 2021

Goulden, M., Mason, M. A., & Frasch, K. (2011). Keeping women in the science
pipeline? The ANNALS of the American Academy of Political and Social
Science, 638(1), 141–162.

Gutiérrez, R. (2008). A “gap-gazing” fetish in mathematics education? Problematizing research on the achievement gap. Journal for Research in
Mathematics Education, 39(4), 357–364.
Haak, D. C., HilleRisLambers, J., Pitre, E., & Freeman, S. (2011). Increased
structure and active learning reduce the achievement gap in introductory biology. Science, 332(6034), 1213–1216. https://doi.org/10.1126/
science.1204820
Hansen, M. J., & Birol, G. (2014). Longitudinal study of student attitudes in a
biology program. CBE—Life Sciences Education, 13(2), 331–337. https://
doi.org/10.1187/cbe.13-06-0124
Harris, R. B., Grunspan, D. Z., Pelch, M. A., Fernandes, G., Ramirez, G., &
Freeman, S. (2019). Can test anxiety interventions alleviate a gender gap
in an undergraduate STEM course? CBE—Life Sciences Education, 18(3),
ar35. https://doi.org/10.1187/cbe.18-05-0083
Harris, R. B., Mack, M. R., Bryant, J., Theobald, E. J., & Freeman, S. (2020).
Reducing achievement gaps in undergraduate general chemistry could

20:ar40, 9

S. Odom et al.
lift underrepresented students into a “hyperpersistent zone.” Science Advances, 6(24), eaaz5687. https://doi.org/10.1126/sciadv.aaz5687
Hedges, L. V., & Hedberg, E. C. (2007). Intraclass correlation values for planning group-randomized trials in education. Educational Evaluation and
Policy Analysis, 29(1), 60–87.
Hedges, L. V. (1981). Distribution theory for Glass’s estimator of effect size
and related estimators. Journal of Educational Statistics, 6(2), 107–
128. https://doi.org/10.3102/10769986006002107
Henning, J. A., Ballen, C. J., Molina, S. A., & Cotner, S. (2019). Hidden identities shape student perceptions of active learning environments. Frontiers
in Education, 4, 129. https://doi.org/10.3389/feduc.2019.00129
Ho, D. E., & Kelman, M. G. (2014). Does class size affect the gender gap? A
natural experiment in law. Journal of Legal Studies, 43(2), 291–
321. https://doi.org/10.1086/676953
Hothorn, T., Bretz, F., Ag, N. P., & Westfall, P. (2008). Simultaneous inference
in general parametric models. Biometric Journal, 50(3), 346–363.
Kling, K. C., Noftle, E. E., & Robins, R. W. (2013). Why do standardized tests
underpredict women’s academic performance? The role of conscientiousness. Social Psychological and Personality Science, 4(5), 600–
606. https://doi.org/10.1177/1948550612469038
Knight, J. K., Wise, S. B., Rentsch, J., & Furtak, E. M. (2015). Cues matter:
Learning assistants influence introductory biology student interactions
during clicker-question discussions. CBE—Life Sciences Education, 14(4),
ar41.
Knight, J. K., Wise, S. B., & Southard, K. M. (2013). Understanding clicker discussions: Student reasoning and the impact of instructional cues. CBE—
Life Sciences Education, 12(4), 645–654. https://doi.org/10.1187/cbe.1305-0090
Koester, B. P., Grom, G., & McKay, T. A. (2016). Patterns of gendered performance difference in introductory STEM courses. Retrieved from arXiv:
1608.07565 [physics Retrieved June 6, 2020, from]. http://arxiv.org/
abs/1608.07565

Miyake, A., Kost-Smith, L. E., Finkelstein, N. D., Pollock, S. J., Cohen, G. L., &
Ito, T. A. (2010). Reducing the gender achievement gap in college science: A classroom study of values affirmation. Science, 330(6008),
1234–1237. https://doi.org/10.1126/science.1195996
Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group, T. P. (2009). Preferred reporting items for systematic reviews and meta-analyses: The
PRISMA statement. PLoS Medicine, 6(7), e1000097. https://doi
.org/10.1371/journal.pmed.1000097
Moss-Racusin, C. A., Dovidio, J. F., Brescoll, V. L., Graham, M. J., & Handelsman, J. (2012). Science faculty’s subtle gender biases favor male students. Proceedings of the National Academy of Sciences USA, 109(41),
16474–16479. https://doi.org/10.1073/pnas.1211286109
Newsome, J. L. (2008). The chemistry PhD: The impact on women’s retention (A report prepared for the UK Resource Centre for Women in
SET, the Biochemical Society and the Royal Society of Chemistry).
Retrieved June 6, 2020, from www.rsc.org/ScienceAndTechnology/
Policy/Documents/Diversity. asp.
Nijenkamp, R., Nieuwenstein, M. R., de Jong, R., & Lorist, M. M. (2016). Do
resit exams promote lower investments of study time? Theory and data
from a laboratory study. PLoS ONE, 11(10), e0161708. https://doi
.org/10.1371/journal.pone.0161708
Peters, M. L. (2013). Examining the relationships among classroom climate,
self-efficacy, and achievement in undergraduate mathematics: A
multi-level analysis. International Journal of Science and Mathematics
Education, 11(2), 459–480. https://doi.org/10.1007/s10763-012-9347-y
Pollock, S. J., Finkelstein, N. D., & Kost, L. E. (2007). Reducing the gender gap
in the physics classroom: How sufficient is interactive engagement?
Physical Review Special Topics—Physics Education Research, 3(1),
010107. https://doi.org/10.1103/PhysRevSTPER.3.010107
Rahman, T., & Lewis, S. E. (2020). Evaluating the evidence base for evidence-based instructional practices in chemistry through meta-analysis.
Journal of Research in Science Teaching, 57(5), 765–793.

Konstantopoulos, S. (2011). Fixed effects and variance components estimation in three-level meta-analysis. Research Synthesis Methods, 2(1), 61–
76. https://doi.org/10.1002/jrsm.35

Rask, K., & Tiefenthaler, J. (2008). The role of grade sensitivity in explaining the
gender imbalance in undergraduate economics. Economics of Education
Review, 27(6), 676–687. https://doi.org/10.1016/j.econedurev.2007.09.010

Lauer, S., Momsen, J., Offerdahl, E., Kryjevskaia, M., Christensen, W., &
Montplaisir, L. (2013). Stereotyped: Investigating gender in introductory
science courses. CBE—Life Sciences Education, 12(1), 30–38. https://
doi.org/10.1187/cbe.12-08-0133

Rauschenberger, M. M., & Sweeder, R. D. (2010). Gender performance differences in biochemistry. Biochemistry and Molecular Biology Education,
38(6), 380–384. https://doi.org/10.1002/bmb.20448

Lopez, E. J., Shavelson, R. J., Nandagopal, K., Szu, E., & Penn, J. (2014). Factors contributing to problem-solving performance in first-semester organic chemistry. Journal of Chemical Education, 91(7), 976–981. https://
doi.org/10.1021/ed400696c
Lorenzo, M., Crouch, C. H., & Mazur, E. (2006). Reducing the gender gap in
the physics classroom. American Journal of Physics, 74(2), 118–
122. https://doi.org/10.1119/1.2162549
Lowry, P. B., Romano, N. C. Jr., & Guthrie, R. (2006). Explaining and predicting
outcomes of large classrooms using audience response systems. In Proceedings of the 39th Annual Hawaii International Conference on System
Sciences (HICSS’06) (Vol. 1, p. 4c). https://doi.org/10.1109/
HICSS.2006.173
Madsen, A., McKagan, S. B., & Sayre, E. C. (2013). Gender gap on concept
inventories in physics: What is consistent, what is inconsistent, and what
factors influence the gap? Physical Review Special Topics—Physics Education Research, 9(2), 020121. https://doi.org/10.1103/PhysRevSTPER
.9.020121
Martinez, M. E. (1999). Cognition and the question of test item format. Educational Psychologist, 34(4), 207–218. https://doi.org/10.1207/
s15326985ep3404_2
Matz, R. L., Koester, B. P., Fiorini, S., Grom, G., Shepard, L., Stangor, C. G., ... &
McKay, T. A. (2017). Patterns of gendered performance differences in
large introductory courses at five research universities. AERA Open, 3(4).
2332858417743754. https://doi.org/10.1177/2332858417743754
McCullough, L. (2013). Gender, context, and physics assessment. Journal of
International Women’s Studies, 5(4), 20–30.
Miller, S., & Tanner, K. D. (2015). A portal into biology education: An annotated list of commonly encountered terms. CBE—Life Sciences Education,
14(2). https://doi.org/10.1187/cbe.15-03-0065

20:ar40, 10

R Core Team. (2019). R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing.
Rodriguez, M., Mundy, M.-A., Kupczynski, L., & Challoo, L. (2018). Effects of
teaching strategies on student success, persistence, and perceptions of
course evaluations. Research in Higher Education Journal, 35. Retrieved
June 27, 2020, from https://eric.ed.gov/?id=EJ1194444
Rosenberg, M. S. (2005). The file-drawer problem revisited: A general
weighted method for calculating fail-safe numbers in meta-analysis.
Evolution, 59(2), 464–468. https://doi.org/10.1111/j.0014-3820.2005.
tb01004.x
R Studio Team. (2019). RStudio: Integrated development environment for R.
Boston, MA: RStudio, PBC. http://www.rstudio.com/
Saiz, M. (2014). Economies of scale and large classes. NEA Higher Education
Journal, 30, 149–160.
Salehi, S., Burkholder, E., Lepage, G. P., Pollock, S., & Wieman, C. (2019a).
Demographic gaps or preparation gaps? The large impact of incoming
preparation on performance of students in introductory physics. Physical
Review Physics Education Research, 15(2), 020114.
Salehi, S., Cotner, S., Azarin, S. M., Carlson, E. E., Driessen, M., Ferry, V. E., ... &
Ballen, C. J. (2019b). Gender performance gaps across different assessment methods and the underlying mechanisms: The case of incoming
preparation and test anxiety. Frontiers in Education, 4. https://doi.
org/10.3389/feduc.2019.00107
Salehi, S., Cotner, S., & Ballen, C. J. (2020). Variation in incoming academic
preparation: Consequences for minority and first-generation students.
Frontiers in Education, 5, 1–14.
Schinske, J. N., Perkins, H., Snyder, A., & Wyer, M. (2016). Scientist spotlight
homework assignments shift students’ stereotypes of scientists and enhance science identity in a diverse introductory science class. CBE—Life
Sciences Education, 15(3), ar47.

CBE—Life Sciences Education • 20:ar40, Fall 2021

Meta-analysis of Gender Performance Gaps
Seymour, E., & Hunter, A. B. (2019). Talking about leaving revisited. New York:
Springer.
Simkin, M. G., & Kuechler, W. L. (2005). Multiple-choice tests and student
understanding: What is the connection?. Decision Sciences Journal of
Innovative Education, 3(1), 73–98.

Theobald, E. (2018). Students are rarely independent: When, why, and how to
use random effects in discipline-based education research. CBE—Life
Sciences Education, 17(3), rm2. https://doi.org/10.1187/cbe.17-12-0280

Smith, J. I., & Tanner, K. (2010). The problem of revealing how students think:
Concept inventories and beyond. CBE—Life Sciences Education, 9(1),
1–5.

Theobald, E. J., Hill, M. J., Tran, E., Agrawal, S., Arroyo, E. N., Behling, S., ... &
Freeman, S. (2020). Active learning narrows achievement gaps for underrepresented students in undergraduate science, technology, engineering, and math. Proceedings of the National Academy of Sciences USA,
117(12), 6476–6483. https://doi.org/10.1073/pnas.1916903117

Smith, M. K., Wood, W. B., Adams, W. K., Wieman, C., Knight, J. K., Guild, N., &
Su, T. T. (2009). Why peer discussion improves student performance on
in-class concept questions. Science, 323(5910), 122–124. https://doi.
org/10.1126/science.1165919

Thompson, S., Hebert, S., Berk, S., Brunelli, R., Creech, C., Drake, A. G., ... &
Ballen, C. J. (2020). A call for data-driven networks to address equity in
the context of undergraduate biology. CBE—Life Sciences Education,
19(4), mr2.

Sonnert, G., & Fox, M. F. (2012). Women, men, and academic performance in
science and engineering: The gender difference in undergraduate grade
point averages. Journal of Higher Education, 83(1), 73–101. https://doi.
org/10.1353/jhe.2012.0004

Tucker, B. (2012). Online instruction at home frees class time for learning.
Education Next, 12, 2.

Springer, L., Stanne, M. E., & Donovan, S. S. (1999). Effects of small-group learning on undergraduates in science, mathematics, engineering, and technology: A meta-analysis. Review of Educational Research, 69(1), 21–51.
Stains, M., Harshman, J., Barker, M. K., Chasteen, S. V., Cole, R., DeChenne-Peters, S. E., ... & Young, A. M. (2018). Anatomy of STEM teaching in
North American universities. Science, 359(6383), 1468–1470. https://doi.
org/10.1126/science.aap8892
Stanger-Hall, K. F. (2012). Multiple-choice exams: An obstacle for higher-level thinking in introductory science classes. CBE—Life Sciences Education, 11(3), 294–306. https://doi.org/10.1187/cbe.11-11-0100
Sullivan, D. (2017). Mediating test anxiety through the testing effect in
asynchronous, objective, online assessments at the university level.
Journal of Education and Training, 4, 107. https://doi.org/10.5296/jet
.v4i2.10777
Tai, R. H., & Sadler, P. M. (2001). Gender differences in introductory undergraduate physics performance: University physics versus college physics
in the USA. International Journal of Science Education, 23(10), 1017–
1037. https://doi.org/10.1080/09500690010025067
Tanner, K. D. (2012). Promoting student metacognition. CBE—Life Sciences
Education, 11(2), 113–120.

CBE—Life Sciences Education • 20:ar40, Fall 2021

van Vliet, E. A., Winnips, J. C., & Brouwer, N. (2015). Flipped-class pedagogy
enhances student metacognition and collaborative-learning strategies in
higher education but effect does not persist. CBE—Life Sciences Education, 14(3). https://doi.org/10.1187/cbe.14-09-0141
Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor
package. Journal of Statistical Software, 36(3), 1–48. https://doi
.org/10.18637/jss.v036.i03
Wang, M.-T., Degol, J., & Ye, F. (2015). Math achievement is important, but
task values are critical, too: Examining the intellectual and motivational
factors leading to gender disparities in STEM careers. Frontiers in Psychology, 6. https://doi.org/10.3389/fpsyg.2015.00036
Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D., François, R.,
... & Yutani, H. (2019). Welcome to the Tidyverse. Journal of Open Source
Software, 4(43), 1686. https://doi.org/10.21105/joss.01686
Wright, C. D., Eddy, S. L., Wenderoth, M. P., Abshire, E., Blankenbiller, M., &
Brownell, S. E. (2016). Cognitive difficulty and format of exams predicts
gender and socioeconomic gaps in exam performance of students in
introductory biology courses. CBE—Life Sciences Education, 15(2),
ar23.
Yonas, A., Sleeth, M., & Cotner, S. (2020). In a “Scientist Spotlight” intervention, diverse student identities matter. Journal of Microbiology & Biology
Education, 21(1).

20:ar40, 11

