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ABSTRACT
Overwhelming evidence demonstrating the benefits of active-learning pedagogy has led
to a shift in teaching that requires students to interact more in the classroom. To date, few
studies have assessed whether there are gender-specific differences in participation in active-learning science, technology, engineering, and mathematics (STEM) courses, and fewer have looked across different types of classroom participation. Over two semesters, we
observed an introductory biology course at a large research-intensive university and categorized student participation into seven distinct categories to identify gender gaps in participation. Additionally, we collected student grades and administered a postcourse survey
that gauged student scientific self-efficacy and salience of gender identity. We found that
men participated more than expected based on the class composition in most participation categories. In particular, men were strongly overrepresented in voluntary responses
after small-group discussions across both semesters. Women in the course reported lower scientific self-efficacy and greater salience of gender identity. Our results suggest that
active learning in itself is not a panacea for STEM equity; rather, to maximize the benefits
of active-learning pedagogy, instructors should make a concerted effort to use teaching
strategies that are inclusive and encourage equitable participation by all students.

INTRODUCTION
Efforts to identify effective and inclusive teaching methods in science, technology,
engineering, and mathematics (STEM) education have led to the adoption of
active-learning pedagogy in undergraduate STEM courses (e.g., Smith et al., 2009;
Haak et al., 2011; Freeman et al., 2014). The increased opportunity for peer discussions in active-learning classrooms improves student performance (Smith et al., 2009),
and the increased structure closes performance gaps (Haak et al., 2011). Many studies
show that active learning has a disproportionate benefit on the performance of groups
historically underrepresented in STEM (Lorenzo et al., 2006; Eddy and Hogan, 2014;
Ballen et al., 2017b; Casper et al., 2019). In these examples, research has largely
focused on the impacts of active learning on student performance outcomes (i.e.,
grades). However, other student outcomes are also worthy of careful consideration in
active-learning environments. Fostering participation in the classroom independent of
student grades is important for student development, even when students are already
earning good grades. Student participation has been linked to a variety of outcomes
that can contribute to academic success: critical-thinking skills (Tsui, 2002), a sense of
belonging (Eddy and Hogan, 2014), and decreased anxiety about and better understanding of course content (Fassinger, 2000; Haak et al., 2011; Eddy and Hogan,
2014; Freeman et al., 2014). While student participation is highly encouraged in
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active-learning classrooms (Handelsman et al., 2004), strategies that promote or inhibit these interactions remain poorly
understood.
Activities that encourage participation in the classroom do
not always result in positive student outcomes (e.g., Eddy and
Hogan, 2014; Knight et al., 2016; Ballen et al., 2017a; Cooper
et al., 2018a). In particular, individual beliefs and emotional
states influence how comfortable students are in classrooms
that encourage participation (Cohen et al., 2019). For instance,
self-efficacy (Galyon et al., 2012) and sense of social belonging
(Wilson et al., 2015) have been shown to influence student participation. Understanding student affect can help contextualize
the outcomes of participation that occur in active-learning
classrooms.
Affective measures in active-learning environments can be
influenced by axes of identity that are negatively stereotyped,
marginalized, or underrepresented (Cooper and Brownell,
2016; Henning et al., 2019). Here, we focus on gender identity
and its impacts on student affect in classrooms. For example,
scientific self-efficacy is often higher in men than women in
STEM (reviewed in Eddy and Brownell, 2016), and women
often report a higher salience of gender identity (Picho and
Brown, 2011; Cokley et al., 2015). These differences may help
explain observations of gender disparities in classroom participation. One of the few studies that has quantified student participation found that women participated less than expected
across 23 introductory biology courses (Eddy et al., 2014).
Eddy et al. (2014) found that women made up on average 60%
of the students in the courses, but their voices were only heard
40% of the time in response to instructor questions. More
recently, Ballen et al. (2019) showed equitable participation
between men and women occurred in STEM courses at six institutions in smaller classes and when instructors used diverse
teaching strategies. Other studies have demonstrated the pervasiveness of differences in participation between men and
women in multiple disciplines (Crombie et al., 2003; Tatum
et al., 2013; Ballen et al., 2018; Neill et al., 2018) and at other
stages of academic development (e.g., at seminars and conferences; Pritchard et al., 2014; Hinsley et al., 2017; Schmidt and
Davenport, 2017; Schmidt et al., 2017; Carter et al., 2018).
Because the experiences of undergraduate students in the classroom are consequential (e.g., Tsui, 2002; Haak et al., 2011;
Eddy and Hogan, 2014; Freeman et al., 2014), exploring these
individual experiences is the first step toward creating equitable
learning environments for all students.
Here, we consider gender differences in classroom participation across multiple semesters in a large, introductory biology
course. We break down classroom participation into seven categories (descriptions in Methods: Observational Methods and
Table 1), including unprompted responses, various types of voluntary and nonvoluntary prompted responses, and group work,
to understand how the types of interactions that instructors
foster in the classroom influence student participation. To gain
a holistic understanding about the experiences of men and
women in the course, we combined the observations of classroom participation with separately administered surveys that
assess salience of gender identity, or the extent to which one’s
gender forms a central part of one’s self-concept in scientific
contexts (Picho and Brown, 2011; Lane et al., 2012); scientific
self-efficacy, or students’ perceptions of their own capability to

undertake science tasks (Bandura, 1977); and student grades
both for exams and non–exam assignments. We selected these
additional measures to understand students’ decisions to participate in class. In this study, we address two primary questions:
(1) Does the use of active-learning pedagogy in this course
result in equitable in-class participation for men and women
across different types of in-class interactions? (2) Do we observe
gender gaps in self-reported scientific self-efficacy, the salience
of gender identity, or performance metrics?
METHODS
Course Overview
This study focused on an introductory evolutionary biology and
biodiversity course that is required for all biology majors at a
large, selective, research-intensive institution in the northeast
United States. Students typically enroll in this course during
their first year. The course includes three 50-minute lecture sessions and one 50-minute discussion section (led by graduate
student teaching assistants) per week. In 2015, the structure of
the course changed to incorporate active-learning principles
such as prelecture assignments, prelecture quizzes, assigned
in-class groups and group work, frequent student participation,
iClicker questions, and a redistribution of grading to reward
group work and non–exam assignments (for details, see Ballen
et al., 2017b). The course is team taught, and lecture content
and slides are similar across years (e.g., biodiversity, adaptation, phylogenetics, population genetics, macroevolution,
human evolution). Despite the general active-learning framework of the course, instructors varied in how they used
active-learning techniques.
Here, we focus on the Fall 2016 and Fall 2017 semesters of
the course, which enrolled 244 and 265 students, respectively.
A team of three men and two women taught during the 2016
semester, while a team of three men and three women taught
during the 2017 semester. Each lecture session is led by one
faculty instructor, who lectures, facilitates discussion, and poses
questions to students. Students in this course are assigned to a
group before the first class and sit with their groups during
every lecture session throughout the semester. In 2016, students were assigned to groups randomly. In 2017, students
were assigned to groups to maximize. diversity of student backgrounds. From postcourse surveys, we estimated the gender
composition of the class to be 55.9% and 57.1% women in
2016 and 2017, respectively.
Observational Methods
Over the course of two semesters, we observed 40 lecture sessions by eight faculty instructors (Supplemental Table S1; minimum: two lectures; maximum: nine lectures; mean: five lectures/instructor) to document classroom participation. During
each lecture, a pair of observers sat at different positions in the
classroom and independently observed student participation
during the entirety of the lecture session. Each time a student
interacted with the instructor (see details on interaction types
below), the observer recorded (1) the type of interaction and
(2) the perceived gender identity of the student. We recorded
gender identity as binary by noting whether we perceived the
student to be a man or woman based on auditory and visual
signals. We may misattribute gender identity based on biases in
how we personally perceive a student’s gender presentation.
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TABLE 1. Categories used to describe interactions between students and instructors
Category

Interaction type

Unprompted
Unprompted
Prompted and voluntary
Prompted and voluntary
Prompted and voluntary

Comment
Question
Individual
Post-discussion
Post-clicker

Group random call
Group work

Group random call
Group work

Explanation
Student makes an unprompted comment.
Student asks an unprompted question or is only generally prompted.
Instructor poses a question and a student volunteers.
Instructor poses a question, allows for peer discussion, and a student volunteers.
Instructor poses a question, allows for peer discussion, students commit to an answer, and
a student volunteers.
Instructor poses a question, allows for peer discussion, and randomly calls on a group.
Student talks directly with the instructor during peer discussion or activity.

Although gender identity is not a binary (Richards et al., 2016),
here we code gender as such, because we were unable to match
our observations of student participation and perceived gender
with students’ self-reported gender identity.
At the end of each lecture, the in-class observers pooled
observation data to create a single data set. In situations in which
observations were missing or did not match between observers,
we used the observations from the observer who had a significantly better vantage point of a particular interaction. We did
not record gender identity when observers did not agree on the
perceived gender of the student or when no observer was able to
see a student during an interaction. We attended sessions in person, because it would have been difficult to capture all interactions in the classroom from video recordings alone. The instructors knew that we were observing the classroom, but were not
made aware of the particular days we would observe or that our
observations focused on classroom participation. Due to the
large number of students in the course and the auditorium-style
room, we do not believe our presence disrupted or influenced
student participation or the instructor teaching the course.
We extended the categories developed in Eddy et al. (2014)
based on pilot observations conducted in 2016 to more finely
evaluate interactions between students and the instructor
(Table 1; Ballen et al., 2017a, 2018). We classified interactions
into seven distinct types that we pooled into four broad categories: unprompted, prompted and voluntary, group random call,
and group work. The four broad categories reflect different
teaching strategies that instructors use to elicit participation.
Unprompted interactions were those that occurred without
prompting from the instructor and include (1) comments from
students (“comment”) and (2) questions from students (“question”). “Question” also includes interactions in which students
were generally prompted (e.g., the instructor asked, “Any questions?”). Prompted and voluntary interactions occurred when an
instructor posed a question to the class and asked for a volunteer to answer: (3) individually without peer discussion (“individual”), (4) after students discussed the question in peer
groups (“post-discussion”), and (5) after students discussed the
question in peer groups and committed to an answer (“postclicker”). We refer to this last category as “post-clicker,” because
students often committed to an answer using iClickers. These
three interaction types represent teaching practices with
increasing levels of structure (e.g., a post-discussion interaction
would become a post-clicker interaction if students were first
asked to commit to an answer). Group random call interactions
were prompted, but nonvoluntary. These interactions (6)
occurred when an instructor posed a question to the class,
allowed time for discussion in peer groups, and then randomly

called on a group to answer (“group random call”). Because
whole groups were called on, group members decided which
student from the group would report back to the whole class.
Group work interactions are the only interaction type in which
student participation did not take place in front of the entire
class. These interactions (7) occurred directly between the
instructor and an individual student during peer discussion or
small-group activities (“group work”). We could not differentiate interactions initiated by the instructor from those initiated
by the student. We recorded only the first interaction an instructor had with a student in a group, even if the instructor spoke
to multiple students in the group.
In 2016, we observed 205 student–instructor interactions in
18 lecture sessions taught by four instructors. In 2017, we
observed 230 student–instructor interactions in 22 lecture sessions taught by six instructors. We focus our analysis on the
student–instructor interactions for which we recorded the student’s gender identity as a man or woman (414 out of a total of
435 observations). The data set we analyze consists of 196
observations in 2016 and 218 observations in 2017. Each
50-minute lecture session was structured as an active-learning
lecture, with at least 20 minutes of student activities and many
opportunities for participation. Students also participated in
weekly discussion sections guided by teaching assistants that
were not observed for the purposes of this study. In 2016, two
observers (SMA, GS) conducted observations; both observers
were present at 12/18 lectures, and each observer conducted
observations at an additional three lectures independently. In
2017, three observers (SMA, GS, RHP) rotated randomly so
that at least two were present at each observation. The observers personally identify such that, in 2016, the sessions were
observed by one woman and one man, and in 2017, six out of
22 sessions were observed by two women, and the remaining
sessions by one woman and one man. To distribute observation
sessions across instructors and course topics, we observed at
least two randomly chosen lectures per instructor.
Statistical Analyses of Student Participation
We ran separate analyses for each type of student–instructor
interaction to determine whether there was a gender difference
in student participation. In each year, we pooled data from all
instructors and lecture sessions. To compare the observed counts
of interactions by men and women with the expected counts
(based on the estimated gender composition of the class), we
performed Pearson’s χ2 tests using the chisq.test function in the
stats package in R (R Core Team, 2018). In 2017, we had enough
observations of lecture sessions taught by men and women to
additionally assess whether instructor gender influenced student
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participation. We ran separate analyses for pooled interaction
categories (Table 1; unprompted, prompted and voluntary,
group random call, and group work) to determine whether there
was a gender difference in student participation that varied with
instructor gender. We then performed Pearson’s χ2 tests to compare counts of observed interactions by men and women with
the expected counts (based on the estimated gender composition of the class). A conservative assessment of statistical significance would include a Bonferroni correction that adjusts the
significance level (α). In the Results, we report unadjusted p-values in the text and tables, but report the adjusted significance
level in the table legends.
Statistical Analyses of Student Attitudes
At the end of each semester, students were emailed a request to
complete a survey that included questions on a variety of topics,
from scientific self-efficacy to test anxiety and study habits. As
these surveys were not designed specifically for this study, we
analyzed the blocks of questions on scientific self-efficacy and
the salience of gender identity (Table 2). The questions on scientific self-efficacy have been used and validated in other contexts (Walker et al., 2008; Cotner et al., 2011, 2017; Ballen
et al., 2017b), and the questions on salience of gender identity
are from a construct within a larger measure called the Social
Identities and Attitudes Scale (Picho and Brown, 2011; Smith
and Cokley, 2016). We coded responses numerically; responses
to self-efficacy questions were on a five-point Likert scale
(1 = not confident, 5 = extremely confident), and responses to
salience of gender identity questions were on seven-point Likert
scale (1 = strongly disagree, 7 = strongly agree).
We analyzed a subset of the data set that included only students who responded to the focal survey questions and identified their gender. We validated the survey structure with a confirmatory factor analysis (CFA) using the cfa function in the
lavaan package in R (Rosseel, 2012) following Knekta et al.
(2019). The specified two-factor CFA demonstrated reasonable

model fit for both years (2016: χ2 = 301.439, df = 118,
p < 0.0001, CFI = 0.907, RMSEA = 0.100, SRMR = 0.053; 2017:
χ2 = 324.768, df = 118, p < 0.0001, CFI = 0.891, RMSEA = 0.102,
SRMR = 0.080), which was further improved by incorporating
the covariance between questions ID3 and ID6 (2016:
χ2 = 245.701, df = 117, p < 0.0001, CFI = 0.936, RMSEA = 0.084,
SRMR = 0.047; 2017: χ2 = 206.998, df = 117, p < 0.0001,
CFI = 0.953, RMSEA = 0.067, SRMR = 0.069). Good model fit
values are a comparative fit index (CFI) > 0.95 in combination
with root-mean-square error of approximation (RMSEA) < 0.06
or a standardized root-mean-square residual (SRMR) < 0.08
(Hu and Bentler, 1999). Because the CFA model fit was acceptable, we averaged the survey responses within each factor for
each student, and then compared responses of women and men
using Wilcoxon rank-sum tests with the wilcox.test function in
the stats package in R (R Core Team, 2018).
Statistical Analyses of Course Grades
We combined student-reported gender identities with various
aspects of course grades to determine whether grades differed
based on student gender. Following a previous study that found
differences based on type of assessment (Cotner and Ballen,
2017), we separately compared (1) pooled exam grades,
(2) pooled non–exam grades (e.g., discussion sections, in-class
activities, prelecture assignments), and (3) final course grades
of men and women using Wilcoxon rank-sum tests with the wilcox.test function in the stats package in R (R Core Team, 2018).
In both semesters, pooled exam grades and pooled non–exam
grades comprised 42% and 58% of the final grades, respectively
(though the specific non–exam assignments differed between
the two semesters). For consistency, we removed students who
were enrolled in a writing-intensive discussion section, as their
overall course grading schemes differed from those for the rest
of the students (nine students in 2016, 13 students in 2017).
For ease of comparison, we present grades as transformed
z-scores, a measure of how many standard deviations a value is

TABLE 2. Postcourse survey questions focused on scientific self-efficacy and salience of gender identity
Scientific self-efficacy questions
SE1
Presently I am confident that I can discuss scientific concepts with my friends or family.
SE2
Presently I am confident that I can think critically about scientific findings I read about in the media.
SE3
Presently I am confident that I can read the scientific literature (current papers written by scientists in scientific journals).
SE4
Presently I am confident that I can determine what is and is not valid scientific evidence.
SE5
Presently I am confident that I can make an argument using scientific evidence.
SE6
Presently I am confident that I can present scientific results in writing or orally.
SE7
Presently I am confident that I can understand scientific processes behind important scientific issues in the media.
SE8
Presently I am confident that I can understand the science content of this course.
SE9
Presently I am confident that I can use scientific thinking to solve problems outside this course.
Salience of gender identity questions
ID1
My gender influences how I feel about myself.
ID2
My gender affects how people treat me.
ID3
My gender is central in defining who I am.
ID4
Most people judge me on the basis of my gender.
ID5
My gender affects how people act toward me.
ID6
My identity is strongly tied to my gender.
ID7
My gender influences how teachers interpret my behavior.
ID8
People of the opposite sex interpret my behavior based on my gender.
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from the mean (i.e., negative values indicate students performed below the class mean, positive values indicate students
performed above the class mean).
RESULTS
Patterns of Student Participation in an Active-Learning
Course
Across 40 lectures by eight instructors over two semesters, we
observed variation in the quantity and type of interactions that
occurred in the classroom (Figure 1). The two most frequent
interaction types in 2016 were group random call (27.0%) and
post-discussion prompted and voluntary interactions (19.9%),
and in 2017 were group work (33.9%) and group random call
(23.4%). The least frequent interaction types in 2016 were
unprompted comments (4.6%) and unprompted questions

(5.6%), and in 2017 were unprompted comments (1.8%) and
post-clicker prompted and voluntary interactions (3.7%).
In both years, men participated more than expected in
post-discussion interactions (Figure 2 and Table 3; 2016:
χ2 = 10.003, p = 0.002; 2017: χ2 = 9.488, p = 0.002). In 2016,
men participated more than expected in post-clicker interactions (Figure 2 and Table 3; χ2 = 7.321, p = 0.007). In 2017,
men participated more than expected in unprompted questions
(χ2 = 10.594, p = 0.001), group random call (χ2 = 5.262,
p = 0.022), individual prompted and voluntary interactions
(χ2 = 5.662, p = 0.017), and group work (Figure 2 and Table 3;
χ2 = 6.963, p = 0.008). We do not present statistical results for
the interaction types where the expected number of interactions for men or women is less than five (i.e., unprompted comment and unprompted question in 2016 and unprompted comment and post-clicker prompted and voluntary in 2017).
In 2017, we had sufficient observations to assess whether
patterns of student participation differed with the gender of the
instructor (Table 4). Regardless of instructor gender, men participated more than expected in prompted and voluntary interactions (women instructors: χ2 = 14.688, p = 0.0001; men
instructors: χ2 = 8.416, p = 0.004). When the instructor was a
woman, men participated more than expected through
unprompted interactions (χ2 = 15.522, p = 0.0001), group random call (χ2 = 5.778, p = 0.016), and group work (χ2 = 5.881,
p = 0.015). We do not present statistical results for unprompted
interactions when the instructor was a man, because the
expected number of interactions is less than five.
Course Survey Responses and Performance Metrics
Of the students, 69.1% and 75.9% responded to the postsemester survey and indicated their gender in 2016 (n = 185)
and 2017 (n = 183), respectively. We found significant statistical differences between the responses of men and women
to the questions about the salience of gender identity in both
years (Figure 3A; 2016: Wilcoxon statistic = W = 2875,
p = 0.0006; 2017: W = 2645.5, p = 0.0025). We did not find
TABLE 3. Pearson’s χ2 tests for observations of each interaction
type pooled by year

FIGURE 1. Variation in number and type (color of bars) of student
participation across observed lecture sessions. See Table 1 for
details on different interaction categories. Lecture sessions are
ordered by total number of interactions.

χ2

Interaction type

df

2016 Observations
Comment
Question
Individual
Post-discussion
Post-clicker
Group random call
Group work

–
–
1
1
1
1
1

–
–
1.061
10.003
7.321
1.644
3.693

–
–
0.303
0.002
0.007
0.200
0.055

2017 Observations
Comment
Question
Individual
Post-discussion
Post-clicker
Group random call
Group work

–
1
1
1
–
1
1

–
10.594
5.662
9.488
–
5.262
6.963

–
0.001
0.017
0.002
–
0.022
0.008

Adjusted significance level (α = 0.05/7 = 0.0071).

a

pa
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TABLE 4. Pearson’s χ2 tests for observations of interactions in 2017
pooled by interaction category and instructor gender
Instructor gender

df

χ2

pa

Unprompted
Women
Men

1
–

15.522
–

0.0001
–

Prompted and voluntary
Women
Men

1
1

14.688
8.416

0.0001
0.004

Group random call
Women
Men

1
1

5.778
0.368

0.016
0.544

Group work
Women
Men

1
1

5.881
1.190

0.015
0.275

Adjusted significance level (α = 0.05/8 = 0.0063).

a

FIGURE 2. In both years, we observed more interactions between
instructors and men than expected based on the gender composition of the course across most interaction types (* p < 0.05,
** p < 0.01). The y-axis depicts the difference between the number
of interactions by men that were observed and the number of
interactions that were expected: positive values indicate more
participation by men than expected, while negative values indicate
more participation by women than expected. Expected numbers of
interactions were calculated as the product of the total number of
interactions in a category and the proportion of men in the class.
See Table 3 for the corresponding χ2 tests. Note that sample sizes
were not large enough to perform tests on unprompted comment
(2016 and 2017), unprompted question (2016), and prompted and
voluntary post-clicker (2017).

differences between the responses of men and women to the
scientific self-efficacy questions in 2016 (Figure 3B;
W = 4497.5, p = 0.4295), but men reported significantly
higher scientific self-efficacy in 2017 (Figure 3B; W = 4665,
p = 0.0112).
Across both semesters, men had significantly higher exam
grades than women (2016: W = 4722.5, p = 0.0074; 2017:
W = 5176, p = 0.0003). However, there was no difference in
grades for non–exam assignments in either semester (2016:
W = 4041, p = 0.5152; 2017: W = 4490, p = 0.1091). The
strong difference in exam grades translates into marginally and
significantly higher final grades for men in 2016 (W = 4400,
p = 0.0855) and 2017 (W = 4990, p = 0.0023), respectively.
DISCUSSION
When students are exposed to active-learning pedagogy and
tasked with interacting with their peers and instructor in a
class, they tend to achieve more (Smith et al., 2009), understand better (Haak et al., 2011; Eddy and Hogan, 2014;

Freeman et al., 2014), hold a higher sense of belonging (Eddy
and Hogan, 2014), and have higher science self-efficacy (Ballen
et al., 2017b) than students in lecture-based classrooms. Studies that have demonstrated that women participate less than
expected in college STEM classrooms (Eddy et al., 2014) underscore the need to conduct empirical work to test whether students engage with and benefit from active learning equitably.
In this study, we focused on nuanced patterns of student participation, attitudes, and performance in a large, introductory
active-learning biology course.
We designed our study to assess student engagement with
instructional strategies in an active-learning classroom. We
observed variation in the quantity and type of interactions
between instructors and students (Figure 1), a majority of
which followed active-learning practices (post-discussion, postclicker, group random call, group work): 73.5% in 2016 and
81.2% in 2017. Before the study, we hypothesized that more
men than women would participate when instructors interacted with students through unprompted comments,
unprompted questions, and individual prompted and voluntary
responses. We hypothesized that we would observe parity in
whole-class participation when instructors used active-learning
practices such as peer discussion and clicker questions, as well
when instructors randomly called on groups. We also hypothesized that we would observe parity in interactions between
instructors and students during group work.
In our observations, men participated more than women in
all interaction types but one in both semesters of our study
(Figure 2), although the statistical significance varied (Table
3). Men participated more than expected, relative to the gender
composition of the course, in post-discussion prompted and voluntary interactions in both semesters and in post-clicker
prompted and voluntary interactions in 2016. Eddy et al.
(2014) also found that men participated more through volunteering, though our interaction types are not directly comparable. While that study did not identify differences in participation between men and women in spontaneous questions (Eddy
et al., 2014), we observed men participating more in this interaction type in 2017 (the only year we have enough data). In our
study, when groups were randomly called on by instructors,
there was no difference in participation between men and
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FIGURE 3. Differences in student attitudes based on postcourse surveys (see Table 2 for the list of questions). (A) Women (gray bars)
responded significantly more strongly than men (white bars) on gender identity questions across both years. (B) In 2017, men had
significantly higher scientific self-efficacy responses than women, but no significant differences were found in 2016 (* p < 0.05, ** p < 0.01).

women in 2016, but more men participated than expected in
2017. Men also participated more than expected in group work
in 2017.
Random calling has been suggested as a tool to counter gender disparities in student participation (e.g., Eddy et al., 2014,
demonstrated equitable participation when instructors randomly called on students from a presorted list). The classroom
we observed used “group random call,” such that instructors
randomly called on whole groups instead of individual students.
Group members quickly negotiated who would speak after a
group was selected (personal observation). One study comparing the effect of groups volunteering a response, versus group
random call, found that the latter promoted a higher quantity
and quality of peer discussion, likely due to a higher level of
accountability (Knight et al., 2016). Despite the differences in
who reported to the whole class in these group random call
interactions, it is possible that peer discussions were equitable.
Women in class reported that they identified more strongly
with their gender than men and that other people (e.g., their
peers, their instructors) judge them more on the basis of gender
(Figure 3A). These responses suggest that women may be more
likely than men to experience stereotype threat, which is fear of
confirming a negative stereotype about one’s social identity
group in competitive and evaluative contexts (Steele, 1997;
Beasley and Fischer, 2012). While we did not assess students’
perceptions of their peers in our study, research in undergraduate biology classrooms at another institution demonstrates that
men underestimate the academic performance of their women
peers (Grunspan et al., 2016). Men reported higher scientific
self-efficacy than women in 2017 (Figure 3B) and higher exam
grades in both years (see Results), despite there being no difference between men and women in performance on non–exam
assignments in the course (see Results). Differences in student
confidence and perceptions about being evaluated may thus
contribute to students’ decisions to assume an explainer/leader

role in their groups (Eddy et al., 2015). Although we did not
include measures of incoming knowledge when assessing differences in grades, the performance gaps we observe are those
that the students experience in the classroom and that contribute to their self-concepts. Previous work in the same course in
2014 and 2015 showed no gender difference when incoming
preparation was included in the analysis (Ballen et al., 2017b),
in agreement with other research (e.g., Lauer et al., 2013;
Salehi et al., 2019). However, some work in undergraduate
biology has documented gender gaps on exams even when controlling for academic ability (e.g., Eddy et al., 2014). Differences between studies may be the result of different student
populations, the stakes of the exams (i.e., the extent to which
they contribute to course grades), or other factors.
Research suggests that same-gender instructor role models
can improve confidence (Cotner et al., 2011), achievement
(Eddy et al., 2014), and retention in undergraduate majors
(Rask and Bailey, 2002). We hypothesized that women students might participate more when instructors were women,
leading to parity in participation. However, we observed that
men were more likely to volunteer responses to prompted questions regardless of instructor gender and participated more
than expected when the instructor was a woman across all
other interaction categories (Table 4). Our observations of
unprompted interactions are consistent with studies that find
men students are more likely to interrupt women instructors
(Brooks, 1982). One limitation of our analysis is that, in 2017,
we observed more interactions in each category by women than
men instructors (unprompted: 18 vs. eight; prompted and voluntary: 52 vs. 15; group random call: 33 vs. 18; group work: 54
vs. 20), which means that the power of our statistical tests was
lower for assessing how students interacted with men instructors. Generally, our analysis of this question is necessarily
exploratory, as we did not explicitly design our study to test a
hypothesis about student and instructor gender.
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Caveats and Limitations
We emphasize that “participation” is the product of actions by
students and instructors. Our observations reflect who was
heard but not whether women or men knew or contributed
explanations or answers during peer discussion. Whole-class
interactions after peer discussion could measure who claims or
receives credit for answers or who represents the group to the
class. Women’s expertise is underestimated in group tasks
(Thomas-Hunt and Phillips, 2004), and research in an undergraduate STEM course found that men are more likely than
women to assess themselves as smarter than their peers (Cooper
et al., 2018b). Such perceptions could contribute to decisions
about who from a group will take credit for an explanation or
answer. The interactions we observed could also be the product
of decisions made by groups regarding who will represent them
to the class, and men may be more likely to volunteer as spokespersons. Interviews with students, observations of student discussions, and surveys could all be useful for parsing the relative
importance of these processes.
More broadly, student participation happens in response to
actions by instructors during class and to teaching strategies.
For example, observations of student participation may reflect
who instructors call on or how instructors ask questions.
Instructor gender bias (Moss-Racusin et al., 2012) may affect
which students they call on, and the instructional practice of
providing students with only a few seconds to answer a question rewards students who answer quickly (Rowe, 1974). In
our observations, it was uncommon to have multiple students
volunteer in response to any given question, and the voluntary
responses we observed were typically from the first person to
volunteer (personal observation). It is possible that this contributed to our observations of gender bias in participation, but we
are unable to parse instructor practices from student behavior
in our data set.
In our study, we assume that whole-class participation and
self-reported surveys are related to how students experience the
classroom. However, we encourage readers to place our results
in the context of scholarship in STEM fields that uses methods
such as (non)participant observation, interviews, and ethnography. Work that analyzes student narratives about experiences
in STEM classrooms and degrees emphasizes the relevance of
identity in student interactions with peers and instructors
(Johnson, 2007; Gregory, 2015; Cooper and Brownell, 2016;
Hughes et al., 2017). Our results are consistent with these findings, but cannot address the experience of individual students.
Focusing on social gender identity without explicitly considering its intersection with other identities means that we are
inevitably missing patterns. For example, women students of
color in STEM fields experience a “double bind” of sexist and
racist expectations, bias, and actions (Ong et al., 2011). Interviews also suggest that active learning increases the importance
of LGBTQIA (lesbian, gay, bisexual, transgender, queer, intersex, and asexual) identities in the classroom (Cooper and
Brownell, 2016). Our study was not designed to parse multiple,
intersecting identity axes, and we acknowledge that gendered
patterns are simply one possible outcome of multiple processes.
Finally, we were unable to match self-reported gender identity
with observations of participation and recorded gender as a
binary. Because our observations may misattribute gender, our
results could over- or underestimate the relative importance of

student gender. Our study also does not reflect the experiences
of students who do not identify as binary or present as men or
women.
Recommendations for Future Research on Equitable
Participation in Active-Learning Classrooms
Active learning emphasizes peer discussion and low-stakes,
in-class assessment, often in the form of random call or clicker
questions. Our observations of participation and survey results
contribute to research on the limitations of implementing active
learning without explicitly considering student outcomes such
as equitable participation and positive affect. In particular, the
benefits of active learning may not be equally shared among
students if equitable teaching strategies are not considered and
implemented.
Future research will benefit from a closer examination of the
impact of course practices and group dynamics on student participation (e.g., Ballen et al., 2019). To examine course practices, one can manipulate the classroom environment and measure the consequences for students (e.g., equitable participation,
affective measures). This approach rejects the “student deficit
model” as a way to explain gaps in participation and performance, which assumes such gaps are due to inadequacies of
students operating in a fair learning environment. Rather, the
“course deficit model” encourages instructors to examine
aspects of their own teaching environments that might contribute to observed disparities (Cotner and Ballen, 2017). For
example, prompted and voluntary post-discussion and postclicker interactions are in some ways at the core of the
active-learning strategies implemented in this course, yet these
were also the categories in which men consistently participated
more than expected. One can compare the currently reported
patterns with those of future courses that employ teaching practices explicitly targeting equitable participation (Tanner, 2013).
Examining group dynamics is another fruitful avenue for
research, as group interactions seem to play an important part in
active-learning classrooms. Peer discussion among group members encourages students to defend and articulate their ideas,
promoting mastery and engagement (Hodges, 2018), particularly when instructors provide structured learning environments.
For example, Knight et al. (2016) compared the quality of group
discussions among those who expect the instructor to ask for a
volunteer to respond (less structured), and those who expect
they may be randomly called on for an answer (more structured).
They found that the groups who thought they might be randomly
called on achieved a higher level of exchange of quality reasoning in their discussions. Similarly, activities that include turn-taking and explicit prompts for students to participate improved
comfort within groups (Theobald et al., 2017). Future research
that focuses explicitly on best practices for group work and cohesion will also enhance whole-class participation. Our observational data set did not allow us to explore how group composition affected participation, but past research has found that the
gender ratio of the “microenvironment” created by small groups
can affect participation by women (Dasgupta et al., 2015). Continued work on student composition and its effects on learning
and group dynamics will also lead to improved climate and student outcomes (Gruenfeld et al., 1996; Theobald et al., 2017;
Sullivan et al., 2018). Finally, we recommend future work studying the impacts of educating instructors about the pervasiveness
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of participation gaps and the benefits of equitable teaching strategies. Research on structure and equity in active-learning classrooms will help instructors identify equitable teaching strategies
to benefit future cohorts of undergraduate students.
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