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ABSTRACT

Gender gaps in exam scores or final grades are common in introductory college science
and engineering classrooms, with women underperforming relative to men with the same
admission test scores or college grade point averages. After failing to close a historical-
ly documented gender gap in a large introductory biology course using interventions
targeted at training a growth mindset, we implemented interventions designed to reduce
student test anxiety. We combined evidence-based exercises based on expressive writ-
ing and on reappraising physiological arousal. We also used a valid measure to quantify
test anxiety at the start and end of the course. This instrument measures an individual's
self-declared or perceived test anxiety—also called trait anxiety—but not the immediate
or “state” anxiety experienced during an actual exam. Consistent with previous reports in
the literature, we found that women in this population declared much higher test anxiety
than men and that students who declared higher test anxiety had lower exam scores than
students who declared lower test anxiety. Although the test anxiety interventions had no
impact on the level of self-declared trait anxiety, they did significantly increase student
exam performance. The treatment benefits occurred in both men and women. These data
suggest that 1) a combination of interventions based on expressive writing and reapprais-
ing physiological arousal can be a relatively easy manner to boost exam performance in a
large-enrollment science, technology, engineering, and mathematics (STEM) course and
encourage emotion regulation; 2) women are more willing than men to declare that they
are anxious about exams, but men and women may actually experience the same level of
anxiety during the exam itself; and 3) women are underperforming in STEM courses for
reasons other than gender-based differences in mindset or test anxiety.

INTRODUCTION

Achievement gaps are a prominent issue in undergraduate science, technology, engi-
neering, and mathematics (STEM) education because of their negative effects on
retention (Cromley et al., 2016; National Science Foundation, 2017). Gaps that impact
low-income and underrepresented minority students have received a great deal of
attention (e.g., Malcom, 1996; Haak et al., 2011), and recent work has highlighted the
importance of achievement gaps based on gender. In the life sciences, for example,
Eddy et al. (2014) compared performance between women and men in a three-course
introductory biology sequence and found that, controlling for college grade point
average (GPA), women performed worse than men on course examinations. Similar
work using data on academic preparation and ability has shown the same pattern of
gendered underperformance across STEM courses and institutions (Creech and
Sweeder, 2012; Ballen et al., 2017, 2018; Matz et al., 2017). Closing gender gaps,
increasing retention, and boosting the number of women who complete STEM degrees
could be an important way to meet calls for an additional one million STEM graduates
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per year (President’s Council of Advisors on Science and Tech-
nology, 2012).

Gaps in performance metrics are sometimes mirrored by
gaps in latent traits, such as a student’s sense of belonging,
science identity, and self-efficacy (Eddy and Brownell, 2016).
To reduce persistent gender gaps in science, researchers have
posed several socio-affective hypotheses—each rooted in a
different explanation for why gendered underperformance gaps
might occur in STEM courses. We briefly review four of these
hypotheses and how they have been used in an effort to reduce
or eliminate the persistent gender gap in one of the large-enroll-
ment introductory biology courses studied by Eddy et al. (2014)
at the University of Washington (referred to hereafter as UW
biology).

1. Stereotype threat: The cognitive load imposed by having to
cope with the fear of confirming a negative stereotype about
your demographic or cultural group—for example, that females
are bad at math or not as brilliant as males—can reduce
performance in evaluative situations (Steele, 1997). Stereotype
threat has been invoked to explain achievement gaps across a
wide array of undergraduate STEM courses (Eddy et al., 2014;
McPadden and Brewe, 2015; Matz et al., 2017). Experimental
interventions have shown that affirming students’ self-integrity
using a short affirmation exercise can reduce stereotype threat
(Cohen, 2006; Cohen et al., 2009). Although Jordt et al. (2017)
showed that the affirmation exercise reduced achievement gaps
experienced by underrepresented minorities in UW biology, the
intervention had no impact on the gender gap.

2. Bias in test design or in course implementation due to
instructor gender: Persistent gaps have also been ascribed to a
negative effect of having a male instructor (Kapitanoff and
Pandey, 2017). Gender gaps have also been linked to test
design, with evidence suggesting that males and females per-
form differently based on the number of gender stereotypes in
content (McCollough, 2004; McPadden and Brewe, 2015; Day
etal., 2016), the types of items on a test, such as multiple choice
or constructed response (Gamer and Engelhard, 1999; Weaver
and Raptis, 2001), and the cognitive complexity of questions
(Bielinski and Davison, 1998; Wright et al., 2016), though the
literature shows some inconsistencies (Madsen et al., 2013;
Federer et al., 2016). Similarly, some studies found an effect of
instructor gender on reducing achievement gaps (e.g., Dasgupta
and Asgari, 2004; Carrell et al., 2010), while other work found
limited (Eddy et al., 2014) or no impact (McPadden and Brewe,
2015).

3. Mindset: Dweck and colleagues established that students
generally hold one of two views about the nature of intelli-
gence. Those with a growth mindset believe that intelligence
is malleable and grows through hard work and effort, whereas
those with a fixed mindset believe that intelligence is a stable
ability that some students have and others do not (Dweck,
2000). These mindsets serve as “meaning systems” that
individuals use to make sense of their educational experiences
(Dweck and Molden, 2017). Individuals who have a fixed
mindset about intelligence tend to react negatively in the face
of cognitive challenges and interpret failure as a sign that they
are not competent enough to succeed (Dweck, 2000); individ-
uals with a growth mindset about intelligence tend to view
challenging situations and failure as an opportunity to escalate
effort, often resulting in higher persistence and greater
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achievement (Dweck, 1975). Some evidence suggests that
early cultural influences can produce a gendered difference in
mindset, with females more likely to adopt fixed mindsets than
males (Leggett, 1985; Dweck and Licht, 1984; Roberts, 1991).
Interventions that help students see intellectual growth as a
consequence of effort rather than inherent ability have had
mixed results. While many individual studies have found
mindset interventions to have positive outcomes (Aronson
et al., 2002; Blackwell et al., 2007), a recent meta-analysis
found an overall weak effect of mindset interventions on aca-
demic achievement (Sisk et al., 2018). While this meta-analy-
sis was unable to include the role of gender in mindset inter-
ventions, individual studies have shown some promise:
mindset interventions performed with junior high school math
students have closed gendered achievement gaps (Good et al.,
2003; Blackwell et al., 2007), and female high school students
with growth mindsets performed better in math classes than
their male counterparts (Degol et al., 2017). Work in our lab,
however, showed no impact of a growth-mindset intervention
on the gender gap observed in UW biology—even though the
intervention worked in the sense of leading to a more
growth-oriented mindset (for full results on these findings, see
Supplemental Material, Appendix 1, Tables S1-S6, and Figures
S1 and S2). These results suggested that gendered underper-
formance in this context was not being driven by differences in
mindset.

4. Stress and anxiety during evaluations: Women are more
prone to clinical anxiety than men and are more willing to
self-declare generalized anxiety and test anxiety (Chapell
et al., 2005; McLean et al., 2011; Hannon, 2012; Nufez-Pefia
et al., 2016). Although the biological and cultural basis of
these gendered differences is not well understood, the impact
of stress and anxiety affecting student performance is well
documented (Hembree, 1988; Zeidner and Schleyer, 1999;
Cassady, 2004; Goetz et al., 2013). Reduced performance
occurs when normal symptoms of physiological arousal, such
as increased heart rate and breathing rate, are interpreted as a
sign of potential failure (Hembree, 1988). Anxiety also creates
intrusive thoughts and concerns that disrupt thinking and con-
tribute to a diminished capacity to recall information. Two dis-
tinct types of interventions have been shown to improve per-
formance by reducing the arousal and worry components of
anxiety: emotional reappraisal and expressive writing. Emo-
tional reappraisal is an intervention approach that addresses
the arousal component of anxiety, by redirecting students to
interpret the physiological arousal present during stressful sit-
uations as potentially helpful for thinking (Jamieson et al.,
2013, 2016). Students are led to read short passages describ-
ing arousal as improving alertness and performance under the
premise that this new interpretation will help them to adopt a
more adaptive interpretation of physiological arousal during
stressful circumstances (e.g., during tests). Research has found
that students who engage in emotional reappraisal perform
better on challenging in-lab tests, course exams, and high-
stakes standardized exams like the Graduate Record Examina-
tion (Jamieson et al. 2010, 2012, 2016). Expressive writing, in
contrast, is an activity that targets the worry component of
anxiety. It prompts students to write about their emotional
states immediately before taking a high-stakes exam, with the
goal of clearing working memory of worrisome thoughts
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(Klein and Boals, 2001; Ramirez and Beilock, 2011). In previ-
ous investigations, writing about one’s thoughts and worries
immediately before an exam has increased test performance
(Frattaroli et al., 2011; Ramirez and Beilock, 2011; Park et al.,
2014).

On the basis of the previous success of the emotional reap-
praisal and expressive writing interventions and the well-estab-
lished gender difference in self-declared test anxiety, we imple-
mented both approaches in UW biology—a course in which Eddy
et al. (2014) had documented a persistent gendered achieve-
ment gap. We hypothesized that arousal reappraisal and expres-
sive writing could work synergistically to mitigate the physiolog-
ical and cognitive components of stress during exams. To the
extent that the gender gap in science courses is due to stress and
anxiety during tests, helping students regulate the arousal and
worry components of the experience may offer an advantageous
strategy for reducing the gender gap in science exams.

METHODS

We implemented the stress and anxiety interventions during
the Autumn quarter of 2016 in one of the largest introductory
biology courses in the nation (1140 students) at a large
research-intensive university in the northwestern United States
(University of Washington). The course was divided into two
sections that met back-to-back, took identical exams, and were
cotaught by the same two male instructors. Each section met
four times per week for a total of 10 weeks and included weekly
lab sections and intensive use of active-learning strategies
(Freeman et al., 2011).

Points earned throughout the course can be delineated as
either high-stakes (exam) or low-stakes (non-exam) points.
Low-stakes points were awarded for weekly activities (e.g.,
laboratory assignments, in-class clicker questions, daily reading
quizzes, weekly online practice exams, a field trip, completing
surveys) and were designed to reward participation and effort.
For instance, many of the low-stakes points were awarded for
either a combination of correctness and participation or partic-
ipation only; involved minimal time pressure; and included
access to peer interaction, the assigned textbook, or other
resources. Exam points represent the sum total of four exams
taken throughout the quarter, each worth 100 points.

The two course sections were assigned to either the treat-
ment or control condition based on a coin flip. This strategy
provided quasi-randomized treatment groups (Shadish et al.,
2002), as students register to a particular section without a pri-
ori knowledge of the experiment. Before each of the four course
exams, the students in the treatment group completed two
interventions designed to alleviate stress and anxiety during
evaluative situations, while the control group conducted similar
exercises focused on professional development. Students were
not told that an intervention was taking place.

Emotional Regulation Intervention

Part 1: Reappraisal. Students in the treatment section com-
pleted variations of the reappraisal intervention developed by
Jamieson et al. (2012) through an online assignment (Supple-
mental Material, Appendix 2). These assignments were made
available on the Thursday afternoon before a Monday exam,
with completion due by early Monday morning. Students were
awarded a small number of course points for participation.
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Each exercise highlighted a different physiological response and
how it affected physical and cognitive performance. Students in
the control section did an analogous exercise online, at the
same time and for the same number of participation points,
focused on an aspect of professional development such as
participating in undergraduate research or career options for
individuals with a degree in the life sciences.

Part 2: Expressive Writing. On the day of the exam, the expres-
sive writing intervention (Ramirez and Beilock, 2011) was
assigned in the treatment section as a “pre question.” After
exams had been passed out and placed facedown on student
desks, the prompt was presented on a PowerPoint slide. The
prompt ended with a sentence stating that if all students
appeared to make a good faith effort, each student would be
awarded 3 exam points. Students were allowed to write in
response to the prompt for 3 minutes on the blank last page of
the exam and were then asked to rip the page off, crumple it up,
and throw it away. Only then were students instructed to flip
the exam over and begin answering the graded questions.
Although the 3-minute interval is much shorter than the writing
time allowed in the original experiments, data in Doherty and
Wenderoth (2017) indicate that college students write exten-
sively and meaningfully in the time we provided. In the control
section, students were also given 3 minutes to answer a pre
question on the back of the exam for 3 participation points
before starting the actual exam. In this case, however, the
writing prompts asked students how they might act on
the information about professional development provided in
the reappraisal control exercise they had completed previously.
In sum, students were assigned to either a treatment condition
(in which they were asked to engage in emotional reappraisal
and expressive writing) or an active control condition.

To the best of our knowledge, this study is the first time that
an embodied cognition component of expressive writing (crum-
pling up the sheet and throwing it away) was used when an
impact on course performance was evaluated. Cognition is
embodied when it is shaped by attributes of the physical body
(Foglia and Wilson, 2013). The complete prompts for all of the
exercises are provided in the Supplemental Material, Appendix 2.

Data Sources

Trait-based test anxiety refers to an individual’s perceptions of
his or her emotional “habits,” while state-based test anxiety
refers to immediate feelings during the actual exam (Goetz
et al., 2013). Although our goal was to reduce students’ state
anxiety, we also examined individual differences in trait anxi-
ety. To quantify trait test anxiety at the beginning and end of the
term, we asked students to respond to the same 17 questions
taken from the Cognitive Test Anxiety Scale (Cassady and Finch,
2014). These were distributed via the online course manage-
ment system, and students earned participation points for each.
We avoided asking students to report their level of state anxiety
during exams, as we feared this would reveal the purpose of the
intervention.

Anxiety surveys contained no missing data. Thus, Likert-
scale responses were converted to numeric values and summed
to calculate pre and post anxiety scores for each student. Course
performance data were collected from course instructional staff
and merged with demographic data from the Office of the
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FIGURE 1. Relationships between the hypotheses tested in this study. Solid arrows indicate hypotheses that are drawn from the literature
and tested with our data set. Dashed arrows indicate hypotheses that motivated this study. TA, test anxiety.

Registrar and test anxiety scores. The interventions and data
collection were performed following a review by the University
of Washington Human Subjects Division, application 50071.

Statistical Analyses

Before analyzing the data, we excluded any student who either
did not take all four exams, complete the preintervention test
anxiety survey, the intervention itself, or the postintervention
test anxiety survey.

A schematic of how the hypotheses tested in this study over-
lap and inform one another is shown in Figure 1. We predicted
that, upon entering the course, men would report lower test
anxiety than women (hypothesis 1). We next tested whether
trait anxiety scores were correlated with course performance.
Within the control group, preintervention test anxiety should be
significantly associated with performance on high-stakes exam
points but should have no association with low-stakes points
(hypothesis 2). We expected the interventions to decrease a stu-
dent’s reported trait-level anxiety (i.e., test anxiety) regardless of
gender (hypothesis 3). We next reasoned that, if a gender gap in
course points exists, such a gap would be more pronounced in
high-stakes evaluative testing situations compared with low-
stakes (hypothesis 4). These four hypotheses were tested using
six separate linear regression models (Supplemental Table S9).

If our data identified an effect of test anxiety on exam
performance, supporting hypothesis 4, our next goal was
to demonstrate whether the treatment was successful in
reducing the maladaptive effect of anxiety on high-stakes exam
performance (hypothesis 5). Embedded within this, we asked
whether the intervention differentially helped female students
(hypothesis 6).

Rather than testing our hypotheses separately, we used a
model-selection approach that was designed to identify which
variables best predict exam points. Hypothesis 5 was explicitly
tested by including the two-way interaction between treatment
and test anxiety, while hypothesis 6 was explicitly tested by
including the two-way interaction between treatment and
gender. Because the intervention could be less beneficial for
students with very low test anxiety and because test anxiety
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often differs by gender, we also included a three-way interac-
tion among gender, test anxiety, and treatment group (hypoth-
esis 7). The full model was

Exam points: gpa + gender + test anxiety + trt
+ gender * test anxiety + trt * gender

+ trt * test anxiety + gender * test anxiety * trt

We conducted stepwise backward model selection to find the
reduced model that best fit our data using the R package MuMIn
(Barton, 2018). On the basis of their significance level, we itera-
tively removed variables from the model until all remaining vari-
ables were significant (p < 0.05). Using the Aikaike information
criterion corrected for small samples (AICc), the best-fit model
was chosen as the model with the fewest terms within delta
AlCc < 2 of the lowest AICc score. Variables that were excluded
from the model were considered poor predictors of our data.
Thus, if treatment were kept in the best-fitting model, then we
knew that the treatment significantly altered course perfor-
mance. We repeated these analyses using low-stakes non-exam
points as the dependent variable, with the expectation that the
intervention would not alter performance on these low-stakes
questions (hypothesis 8).

We controlled for a student’s prior preparation in all analy-
ses that included exam or non-exam points as an outcome.
While high-stakes college entrance exam scores are often used
as a metric of prior preparation, we suspected they are
influenced by test anxiety. The importance of this issue is
underlined by our observation that males had higher average
Scholastic Aptitude Test (SAT) scores than females in the quar-
ters we did the mindset intervention reported in Appendix 1 in
the Supplemental Material (t = 4.346, p < 0.001; Supplemen-
tal Table S6) and the test anxiety intervention reported here
(t =3.99, p < 0.001; Supplemental Table S8). To prevent circu-
larity in our analyses and create a direct comparison with data
in Eddy et al. (2014), we used college GPA at the start of the
term as an index of academic preparation. First-Fall freshman
students were excluded from the analyses, because they did
not yet have a college GPA.
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RESULTS

A total of 779 upper-division students passed filtering thresh-
olds and were included in the analyses. Before any hypothesis
testing, we tested whether the quasi-random experimental
design had indeed created equivalent treatment groups
(Supplemental Table S7). Sections, and therefore treatment
groups, did not differ significantly in college GPA (F=0.14,p =
0.71), combined SAT scores (F = 1.24, p = 0.26), or gender
composition (X*>=1.68, p=0.19). At the start of the quarter and
before the interventions, the control and treatment groups did
not differ significantly in test anxiety (F = 1.13, p = 0.29). These
observations defend the claim that the two sections in this qua-
si-experimental design were indeed equivalent.

Finding 1: At the Start of the Course, Test Anxiety Was
Higher in Women versus Men

Before the intervention, trait test anxiety was significantly ele-
vated in women compared with men across the entire sample
(f=5.11, p> 0.001).

Finding 2: Test Anxiety Predicts Exam Performance

Within the control group, higher test anxiety predicted lower
exam points (ignoring gender and controlling for GPA; f =
—0.34, p = 0.03). The reverse was true for non-exam points:
more-anxious students scored more points (f=0.21, p = 0.02).

Finding 3: The Intervention Did Not Change
End-of-Course Test Anxiety

Controlling for test anxiety at the start of the course, we found
that the intervention did not change self-reported test anxiety
(main effect of treatment: S=-0.98, p=0.31). At the end of the
class, we also found that neither men nor women showed a
difference in self-declared test anxiety as a function of treat-
ment (interaction: B = 0.58, p = 0.63). While the intervention
did not appear to change overall perceptions of test anxiety
(i.e., trait anxiety), we were still interested in evaluating
whether the intervention would change test scores, which may
reflect how students deal with test stress and anxiety during
evaluation situations (i.e., state anxiety while taking a test).

Finding 4: There Was No Gender Gap in Exam Points, but
There Was in Non-exam Points

Controlling for college GPA at the start of the quarter, women
in the control group did not differ from men in exam points

TABLE 1. Coefficients of the best-fit model (test anxiety interventions)

Intervening on Gendered Gaps in Biology

(f=-1.191, p = 0.572). In terms of non-exam points, we found
that women earned significantly more points than men (3 =
5.99, p = 0.002).

Findings 5-7: The Intervention Helped Everyone Earn
More Exam Points

Exam points were best predicted by treatment, test anxiety, and
preparation. None of the interactions were retained in the final
model, demonstrating that, contrary to our expectations, the
intervention did not differentially help women (hypothesis 6,
Supplemental Figure S3) or students who are highly trait anxious
(hypothesis 7). That is, model selection reduced the full model to

Exam points: trt + test anxiety + GPA

However, this means the test anxiety intervention helped
everyone in the treatment group. On average, students in the
treatment group earned more exam points than equally matched
students in the control group (treatment: = 4.249, p = 0.039).
Students who received our easy-to-implement intervention
gained a 1.06% boost in points earned on exams.

Finding 8: The Intervention Did Not Affect

Low-Stakes Points

Low-stakes, non-exam points were best predicted by gender,
test anxiety, and preparation. Treatment group was not retained
in the final model. This result provides discriminant validity to
our experiment, as it demonstrates that the intervention did not
affect low-stakes situations for which students are presumably
not experiencing a high level of state anxiety. Again, none of the
interactions were retained in the final model. Our reduced final
model was:

Non-exam points: gender + test anxiety + GPA

Interestingly, both women (f = 2.08, p = 0.097) and highly
anxious students (f=0.161, p = 0.005) earned more non-exam
points. For AICc scores and final model coefficients for findings
5-8, see Supplemental Table S10 and Table 1, respectively.

DISCUSSION

Despite being a numerical majority, women in many STEM
classrooms underperform compared with men with similar aca-
demic profiles (Eddy et al., 2014; Ballen et al., 2017; Matz et al.,
2017). We sought to close a previously observed gender gap in

Final model Variable Beta Error p value

Non-exam: GPA + anxiety + gender GPA 22.626 1.44 <0.001%**
Anxiety 0.161 0.058 0.005**
Gender 2.084 1.254 0.097
Intercept 213.615 5.812 <0.001***

Exam: GPA + anxiety + group GPA 49.81 2.45 <0.001%**
Anxiety -0.313 0.096 0.001**
Group 4.249 2.052 0.039*
Intercept -153.243 9.979 <0.001***

“p < 0.05.

**p <0.01.

#%p < 0.001.
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a large introductory biology course using existing psychological
interventions. We initially targeted students’ implicit theories
about intelligence, without success (see Appendix 1 in the Sup-
plemental Material for details). Consequently, we targeted anx-
iety during evaluative situations.

The Test Anxiety Interventions Benefited All Students
Combining expressive writing and arousal reappraisal interven-
tions worked: students in the treatment group had higher exam
scores than comparable students in the control condition. These
impacts were small but significant, especially given the small
amount of time needed to achieve them.

While the interventions did result in significantly higher
exam scores overall—indicating that they may have reduced
state-based anxiety—there was no impact on self-declared trait
anxiety and no evidence that females or students with high trait
anxiety benefited disproportionately (Supplemental Table S9).
This was surprising, given our observations that women
declared higher trait-based test anxiety than men and that
higher test anxiety had negative impacts on exam performance.
Furthermore, our data also show no change in the gender gap
for trait-based test anxiety, despite the interventions working to
improve exam scores. One way of interpreting these findings is
that women may overreport their trait anxiety relative to men
(Goetz et al., 2013). Unfortunately, we did not measure whether
student’s attitudes toward arousal in stressful exam situations
were changed by our intervention. It seems possible that
encouraging students to reflect on their emotional reaction and
directing students to reinterpret the meaning of arousal may
lead to students adopting a more adaptive mindset around the
efficacy of arousal.

Can Psychological Interventions Help Solve the

Gender Gap?

One of the most attractive aspects of existing psychological
interventions is their low cost and relative ease of implementa-
tion at scale (Yeager and Walton, 2011; Mavranezouli et al.,
2015). Indeed, a variety of studies in which researchers seem-
ingly administered the interventions “as is” have shown added
value to student academic outcomes (Yeager et al., 2014;
Paunesku et al., 2015).

Other work, however, demonstrates that individual and
group differences, as well as social context, serve as boundary
conditions for the efficacy of psychological interventions
(Hanselman et al., 2014, 2017; Harackiewicz et al., 2016). As
leaders in the field have noted, psychological interventions are
not magic—their efficacy is highly population and context
dependent (Yeager and Walton, 2011).

It is also the case that the achievement gaps these interven-
tions seek to close are not always observed (Stoet et al., 2016;
Stoet and Geary, 2018). The gender gap in math, for instance,
has been found to vary widely based on culture and economic
context (Stoet and Geary, 2018), and students in our control
conditions did not show a consistent gender gap in exam
points—suggesting that the general pattern documented by
Eddy et al. (2014) is also context dependent.

Because achievement gaps and the success of interventions
are context dependent, we suggest that one-size-fits-all
interventions may not be the most productive first step for fac-
ulty who are struggling with persistent achievement gaps in
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STEM courses. It may be more productive to begin with student
interviews or focus groups to interpret data and diagnose why
certain populations of students are underperforming. An
important follow-up step would be to use this information to
1) customize interventions to fit the classroom structure and
address the salient sociocognitive constructs (see Yeager and
Walton, 2011; Yeager et al., 2016) or 2) change other aspects of
course design. For example, when Doherty and Wenderoth
(2017) piloted the expressive writing intervention in a different
introductory biology course, they gained helpful insights about
their students via their writing. This information led them to
schedule an additional exam, and thus lower the points at stake
in each exam, in an effort to improve performance (Doherty
and Wenderoth, 2017; see also Cotner and Ballen, 2018).

Future Work on Gendered Underperformance in STEM
Our data suggest that gender gaps in classroom performance
and trait-based test anxiety are much more variable than previ-
ously thought. More robust studies on the academic achieve-
ment gap pattern would require a combination of survey data
on trait anxiety with physiological data on state anxiety from 1)
wearable devices that record heart rate, breathing rate, and
other variables or 2) noninvasive analyses of circulating hor-
mones associated with anxiety. A combination of survey, inter-
view, focus group, and physiological data might also inform the
hypothesis that a trait versus state discordance exists because
men are less willing than women to admit that they are anxious
about exams.

If gendered differences in trait and state anxiety exist, they
could be explored with the interventions employed here. The
expressive writing intervention is targeted at reducing state
anxiety, while Jamieson et al. (2016) showed that a reappraisal
intervention led to lowered trait anxiety. Jamieson et al. (2016)
did not analyze their data based on gender, however, and
neither that study nor this one quantified state anxiety.

Beyond the many questions that remain about test anxiety in
undergraduates, what can instructors do about the pervasive
pattern of gendered underperformance in STEM? The data pre-
sented here are consistent with earlier work indicating that the
pattern is limited to high-stakes exams, as women routinely
outperform men on non-exam points in STEM courses (Eddy
et al., 2014; Wright et al., 2016; Ballen et al., 2017, 2018; Matz
et al., 2017). The data presented here also suggest, however,
that the root cause is not gendered differences in mindset or test
anxiety. And because gender gaps appear only intermittently in
the large-enrollment course we studied, our data do not
support the hypothesis that large class size is a fundamental
underlying mechanism (Ballen et al., 2018). Finally, a recent
paper failed to support the “variability hypothesis,” which
claims that gendered underrepresentation in STEM is due to a
dearth of female high achievers (O’Dea et al., 2018).

Solutions to the problem of gendered underperformance on
STEM exams will remain elusive until context-specific causes
are known. Data from a preliminary series of gender-specific
focus groups that we conducted may hint at a way forward. The
data, summarized in Appendix 3 in the Supplemental Material,
Tables S11 and S12, suggest that women in the course that we
studied experience or at least declare more negative emotions
concerning exams than men. If further research confirms this
pattern and links it to either heightened state anxiety during
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exams or a decreased willingness to prepare well for exams, it
suggests solutions: women might benefit from a reduced
emphasis on exams (Ballen et al., 2017; Cotner and Ballen,
2018) or early interventions to reduce negative emotions about
exam performance (Wéschle et al., 2014; Pelch, 2018).

What might these interventions look like? Cheryan et al.
(2016) recently proposed that promoting participation in STEM
depends on increasing self-efficacy and a sense of belonging.
For example, instructors who practice the behavior called
immediacy—using eye contact, calling students by name,
employing appropriate body language, and other cues—have
been shown to lower student anxiety and increase performance
(Andersen, 1979; Williams, 2010). Student trust in the instruc-
tor has also been shown to be correlated with final grade in
STEM courses (Cavanagh et al., 2018). Similarly, Kreutzer and
Boudreaux (2012) studied five instructors who adopted inten-
sive active-learning techniques in their introductory physics
courses. Compared with the same instructors’ traditionally
taught, lecture-intensive courses, all of the reformed courses
achieved stronger student learning gains on a conceptual inven-
tory of relevant content. But in sections taught by one of the five
instructors, females also erased the chronic performance gap in
the course and achieved gains equal to those of males. The
researchers found that this instructor was adapting and
implementing key aspects of the “wise schooling” framework
proposed by Steele (1997): cultivating optimistic student—
teacher relationships, affirming domain belongingness in
women, practicing nonjudgmental responsiveness, valuing
multiple perspectives, and emphasizing the expandability of
knowledge. All of these instructor behaviors should have a
positive impact on self-efficacy. If further work shows that
women gain disproportionate benefits when instructors employ
these types of soft skills in the hard sciences, a generalizable
solution to gender gaps in STEM courses may be within grasp.

Limitations

Our study consists of only one replicate conducted at one
institution. While there was ample historical evidence for the
existence of a persistent gendered achievement gap, we found
none, highlighting the variability of achievement gaps among
different iterations of the same course.
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