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Gender inequities continue to persist within science, technology, engineering, and mathematics (STEM)
disciplines, even at the undergraduate level. This has led researchers to further examine potential factors that
contribute to retention and persistence of undergraduates in STEM fields. In this study using classroom
observations, we examined gender equity in individual verbal participation in large introductory physics
courses, and compared our results to observations in introductory courses in other STEM disciplines. We found
that in introductory physics courses, men had disproportionately higher rates of individual verbal participation
than women. Observation-level analysis confirmed that three-quarters (76.2%) of the physics observations had
descriptively higher than expected participation by men and almost a quarter of observations (23.8%) were
statistically significant for a gender imbalance in individual verbal participation. We then sought to determine if
any pedagogical strategies or student behaviors correlated with a more equitable classroom to better understand
what drives gender inequity in participation, and found three classroom behaviors—an increasing amount of
instructor questions, group responses from students, and student questions—correspond with a more gender
equitable classroom. Student-level survey data, which mirrors the observation data, also show that self-reported
levels of individual participation have small, significant correlations with both course-level belonging and
inclusivity. The introductory physics results were mostly replicated in the other STEM disciplines, despite their
differences in course structure. The patterns of individual participation were still disproportionately higher for
men, with two-thirds of observations displaying a bias towards more men participating. Student-level survey
data continued to mirror the observation data, and small, significant correlations between student self-reported
participation and course-level belonging and inclusion were found. However, only the number of student
questions correlated with a more equitable classroom in other STEM courses. This study extends the
conversation on the relationship between active learning and equity in the classroom, demonstrating a need to
move beyond mere inclusion of active pedagogies towards proactive facilitation of equitable and comfortable
verbal participation by all students. Practical strategies for encouraging inclusive classroom dialogue, such as
transparency, growth-mindset messaging, and multiple modes of engagement, are discussed.
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I. INTRODUCTION

While many strides have been made within the fields of
science, technology, engineering, and mathematics (STEM),
we still do not observe gender equity. Many STEM disci-
plines exhibit an underrepresentation of women at the
undergraduate level [1] that becomes further exacerbated
at higher levels within academia, creating what has been
called the “leaky pipeline” [2]. In the field of physics, those
who advance to higher academic levels see even greater
gender disparities. For example, while men and women tend
to have similar numbers of promotions and publications
10-15 years after graduation, data show that the time for
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promotion to full professor is one year longer for women than
men [3]. Men are also 45% more likely to present at a
conference as an invited speaker, 27% more likely to act as a
journal editor, and 53% more likely to have enough funding
for their research. Porter and Ivie’s study showed that, in
addition, women report their careers are more impacted by
family demands than men, contributing to discrepant pro-
fessional opportunities between men and women in the
field [3].

To understand the persistence of these gender inequities,
the first step many educators and administrators pursue
involves investigating how to increase retention of women
undergraduates in STEM. The number of women who
intend to pursue STEM majors when entering higher
education is nearly as high as the number of men [4],
yet they are disproportionately more likely to transfer to a
non-STEM major than men [5]. A similar pattern is seen in
the transfer rate of women versus men out of physical
sciences or quantitative fields. For example, Turnbull et al.
[6] found that women physics undergraduates are more
likely than men physics undergraduates to transfer into life
science fields, which now award more bachelor’s degrees to
women than men [1]. We hypothesize that inequitable
participation may contribute to undergraduate women
leaving STEM fields at a higher rate than undergraduate
men, as participation has been shown to be a predictor of
performance [7] and a major factor in retention [5]. As a
first step towards testing that hypothesis, the current study
aims to assess the prevalence of gender inequities in the
classroom participation in physics and other STEM dis-
ciplines. Specifically, this study explores, via classroom
observations, individual verbal participation patterns in
large introductory STEM courses (introductory physics,
introductory biology, general chemistry, and calculus).

A. Gender disparities in physics courses

The literature has explored if gender disparities are present
in a range of outcomes in undergraduate physics courses. For
instance, social psychological measures like self-efficacy,
social belonging, and STEM identity frequently reveal
gender differences in students’ subjective experiences of
physics classrooms. Men tend to have higher levels of self-
efficacy in physics [8—10], while differences in self-efficacy
are absent from other introductory STEM courses, non-
STEM courses, or outside activities [11]. Shaw [12] observed
a significant difference in men having higher self-efficacy
than women in a physics course for non-majors, with a trend
in the same direction emerging in an algebra-based major-
level course. Following the same pattern, men also report a
higher sense of belonging in physics [13,14] and have
stronger STEM identities; i.e., they are more likely to
perceive themselves as a “physics person” than are women
[14,15].

In contrast to the clear evidence that men and women
experience physics courses differently, the literature

exploring performance differences between men and
women in STEM lacks consistency [16—18]. For example,
both Tai and Sadler [18] and Miyake et al. [17] document
achievement gaps between genders in calculus-based
introductory physics courses, while Lauer et al. [16] find
no achievement gap in their calculus-based introductory
physics course. This equivocal evidence could be due to
various factors, such as how students self-select the courses
they take or the use of different outcome variables to index
performance (i.e., exam performance versus overall course
grade) [19].

In addition, studies focusing on conceptual learning
instead of course performance suggest both gender dif-
ferences and similarities. When examining physics concept
inventories, men have been reported to score higher on the
Force Concept Inventory (FCI) than women [14,20-23].
However, Seyranian et al. [14] found that although men
entered the course with higher overall physics knowledge,
there was no statistical difference between genders for gains
in FCI score over the course of the semester. Given that men
and women acquire physics knowledge at similar rates across
the semester, Seyranian et al. [14] concluded that the social
psychological experiences of women in the classroom may
be the key difference between genders in physics. The current
study investigates the role classroom participation plays in
these disparate experiences.

B. Participation and gender

The literature that examines verbal participation and
gender in STEM classrooms is relatively new and mostly
concentrated in biology courses. Eddy et al. [24] examined
gender gaps in achievement and participation in introduc-
tory biology courses at a large state university. They
recorded the perceived gender of individual participants
in the 23 classes they observed, and found that, while
women made up approximately 60% of students in these
courses, they answered less than 40% of instructor-posed
questions to the class. The study examined different types
of individual verbal participation and consistently found
patterns of underrepresentation of individual women par-
ticipating across the board. The only participation methods
where gender differences were not observed were random
call and spontaneous student questions. Similar to Eddy et al.
[24], Aguillon et al. [25] examined large introductory
biology courses for gender-specific differences in participa-
tion. They observed the perceived gender of participants in an
introductory biology course over multiple semesters and
found men participated more than expected based on class
composition in most of the seven participation categories
they examined, especially in voluntary responses. They also
found women in the class identified more strongly with their
gender than men, and were more likely to report that other
people would judge them based on their gender, perhaps due
to stereotype threat [26]. Bailey et al. [27] also conducted
observations recording the perceived gender of individual
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participants in 34 life science courses at a large university.
Their findings echoed the studies above of men participating
more than expected, but found these gaps could vary based
on the course observed. They found when using mixed linear
models to predict the gender participation gaps, the two
characteristics that predicted higher rates of participation
among females was in female-majority classrooms or classes
where the instructor called on the majority of raised hands.

Other work has focused on the student perception of
individually participating in class and why they may not
participate. In a follow-up study using self-reported sur-
veys, Eddy et al. [28] found a gender difference in anxiety
towards some types of participation, but not towards other
types of participation. For example, they determined that
women disproportionately report having more anxiety than
men report having in whole-class discussions in their large
course, but an equally low level of anxiety as men in peer
discussions. Nadile er al. [29] examined student percep-
tions of asking and answering questions in large-enrollment
science classes, and found women were 2.4 times more
likely than men to report never asking questions, and were
2.8 times more likely to report feeling uncomfortable
asking questions themselves. They also were 3.9 times
more likely to describe feelings of anxiety when asking
questions, and were nearly 2 times more likely to report that
they did not feel they knew the material well enough to ask
a question.

Although not yet studied in connection with participa-
tion in class, sense of belonging is determined by a person’s
self-reported answers to questions such as “Do I feel
comfortable with my classmates?” and “Do I feel com-
fortable with my instructor”; therefore, course-level sense
of belonging describes a student’s sense of their interper-
sonal relationships in the course and their level of comfort
and confidence in the course. Studies have shown that
affective variables such as belonging (as defined by Walton
and Cohen [30,31]) and inclusion in a course affect student
success in their STEM courses (i.e., course performance
and persistence in the series) [32,33]. Both Edwards et al.
[32] and Fink et al. [33] found both lower levels of course-
level social belonging and higher levels of course-level
belonging uncertainty for women than men in general
chemistry courses. Rainey et al. [34] showed that sense of
belonging affected whether students remained in STEM
majors, and that women and persons of color had lower
sense of belonging than white men. As seen in these
studies, there is increasing evidence that belonging affects
student performance and retention in STEM, however,
much less is known about the mechanisms(s) of belonging
on STEM performance. The model of Zumbrunn et al. [35]
found that a supportive classroom environment can
improve student belonging, affecting a student’s level of
engagement, motivation, and finally achievement in the
course. So far in the literature, course-level inclusion has
been typically looked at through the lens of reducing

stereotype threat [13,36], rather than by seeking the
answers to what makes an inclusive classroom environ-
ment. Participants with a higher sense of belonging in math
tend to feel less anxious about math and more confident in
their abilities [36]. Mentioned in the prior section, Stout
et al. had similar findings to Good et al., where stereotype
threat negatively predicted women’s sense of belonging in
physics courses [13]. These studies show the importance of
belonging to performance and retention, and that classroom
environment and course inclusivity affect student belong-
ing. We, therefore, hypothesize and test in this study that
course-level belonging and inclusivity are potential reasons
why women may be less likely to verbally participate than
men in STEM courses, specifically in physics courses.

Few studies examine verbal participation and gender in
STEM disciplines outside of biology, or look across STEM
disciplines. Ballen et al. [37] conducted classroom obser-
vations using predicted gender as a proxy to examine
gender gaps in participation across six different universities
of various sizes and four STEM disciplines. They examined
six different hypotheses to potentially explain gender gaps
in individual verbal participation: abundance of student-
instructor interactions per class period, diversity of teaching
strategies, instructor gender, proportion of women in the
class, class size, and whether the course was lower or upper
division. When examining whether the gender equity of
participation (indexed by likelihood ratios) was predicted
by using those six variables, they found smaller class sizes
and instructors using a diverse set of teaching strategies
created more equitable participation across genders. They
did not disclose whether participation differed across
discipline.

In the broader literature examining gender and participa-
tion across STEM and non-STEM disciplines, the results
appear mixed: some studies found women have higher levels
of participation than men [38—40], some found that men have
higher levels of participation than women [24,41,42], and
others found no statistical difference between genders [43—
45]. Given these inconsistent results, more research needs to
be conducted to understand how different classroom-level
and student-level variables influence participation dynamics
in the classroom. For instance, the subject being taught can
have an effect on participation levels, with science courses
showing less participation than other subjects like arts and
humanities [41,46]. Classroom size [46], course level [39],
course structure [47], student age [39], student fears of
criticism and peer disapproval [48], and student confidence
levels [48] all contribute to varying participation levels.
Results also may depend on the types of evidence used to
gauge participation levels. Karp and Yoels [49] found that
over 90% of students perceived no difference in men or
women’s participation levels, but when observed, men were
more likely to participate, especially in classes taught by
men. Therefore, students may not be conscious of the
participation disparities in the classroom, but nevertheless
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these participation disparities may contribute to undergradu-
ate women’s experience and decisions to leave STEM fields
at a higher rate than undergraduate men.

Participation is important to examine because research
has illustrated many benefits for students who participate in
undergraduate classrooms. Students who verbally partici-
pate more have higher levels of motivation [50], learn the
material better [48,51,52], are stronger critical thinkers
[53,54], engage in higher levels of learning because they
memorize less [55], and earn higher grades [7]. Students
who participate also tend to improve in skills valuable
outside of the classroom such as communication skills
[56,57], group interactions [58], and functioning in a
democratic society [59]. The fact that participation is
valuable to students would not surprise them; research
shows students are aware that participation is valuable for
their learning [39]. However, students also appear to have
different definitions of “participation” than their instructors
[39], which may contribute to the finding that students
report higher levels of participation than instructors [60].
Some students in Fritschner’s study defined participation as
attendance, active listening, doing assignments or being
prepared for class, whereas faculty were more likely to
describe participation as asking or answering questions, or
other verbal interactions [39].

Despite the clear benefit of in-class participation,
research consistently shows that only a handful of students
in any given classroom actually participate on a regular
basis [38,39,41,49,61,62]. Karp and Yoels [49] described
this phenomenon as the “consolidation of responsibility,”
where the majority of students feel they can be passive
observers (or participate only on occasion). In the current
study, we explore the possibility that this small group of
active participants is disproportionately men in our large
introductory STEM courses and explore what factors may
influence gender equity in the classroom.

C. THE CURRENT STUDY

Our study begins by exploring individual verbal partici-
pation patterns in calculus-based introductory physics
classrooms to establish whether gender equitable partici-
pation is observed, and then compare those results to other
introductory STEM classes. Given the value of classroom
participation, we examine whether there are gender gaps in
individual verbal participation, and if so, what instructor or
student behaviors correlate with those patterns. We achieve
these goals using a classroom observation protocol called
observation protocol for active learning, or OPAL [63], and
a new, accompanying tool called the gender participation
map. This map allows us to document the location and,
following previous research [24,27,37], perceived gender
of students who verbally participate during the classroom
observation. Although student participation can take many
different forms in the classroom [57], this study focuses on
students who individually and voluntarily contribute to the

discussion in class. In addition, these observation data are
compared with student self-reported survey data regarding
their own participation, and feelings of social belonging
and inclusion in the course.

Study 1 was guided by the following research questions
about individual student verbal participation in introduc-
tory physics I and 1II:

* Is individual verbal participation in the introductory

physics courses gender balanced?

* Are more interactive classes correlated with more
equitable individual verbal participation? Are there
any instructor or student behaviors that are correlated
with equal participation?

* Is individual participation via clickers equitable?

* Do student perceptions of their individual verbal
participation in the introductory physics class mirror
the observational data?

* Does self-reported verbal participation correlate with
course-level sense of belonging and inclusivity at the
end of the course?

In study 2, we examined whether the patterns observed
in introductory physics are replicated in other introductory
STEM classes (introductory biology I and II, general
chemistry I and II, and calculus I and II), which had
different amounts and patterns of active learning, different
class sizes, and different proportions of men and women.

II. METHODS
A. Study setting

Data were collected at a midsized, private, selective
research institution in the Midwestern United States during
the academic year 2018-2019 and fall semester of 2019.
Following receipt of a grant (given in 2013) from
Association of American Universities’ (AAU) undergradu-
ate STEM Education Initiative, which aimed to increase the
use of active learning and other evidence-based instruc-
tional practices in the large lower-level STEM courses, all
students were provided access to use clickers, a type of
student response system in their classes, free of charge.
This led to increased usage of active-learning strategies in
all introductory science and mathematics courses. In 2017,
the institution was awarded an HHMI Inclusive Excellence
grant, which focused on increasing the inclusivity in these
large introductory STEM courses and led us to examine the
equity of participation in these courses.

The majority of observations were conducted in an
introductory calculus-based physics course series consisting
of multiple sections taught by different instructors; however,
all sections followed the same content, policies, and assess-
ments. The introductory physics course was designed differ-
ently than the other introductory math and science courses at
this institution, because twice a week students were asked to
complete videos through FlipItPhysics to gain some of the
content knowledge before attending class. Actual lecture
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time was used to go over more challenging material and
examples for students to problem solve together. Individual
PowerPoint slides varied among the instructor team, but the
same topics were covered at the same time and every
instructor presented a core set of the same example problems
(around one-quarter of all lecture examples) to enhance the
similarity across sections. Demonstrations were also fre-
quently used, where students would predict and then discuss
their observations. Starting in Fall 2019, the lectures from
every instructor were recorded and available for students to
watch, of which many students took advantage.

For academic year 2018-2019, assessments included
participation in class via clicker activities (3%),
FlipItPhysics lecture videos (5%), weekly homework assign-
ments through Mastering Physics (15%), exams (57%), and
lab (20%). In fall 2019, the course structure was adjusted
because lab became a separate course. FlipItPhysics lecture
videos (5%), clicker activities (5%), homework through
Mastering Physics (10%), and exams (60%) were still being
used in the course, but the points originally going to lab were
now assigned for instructor-written challenging problems via
Gradescope (20%). However, the balance between high and
low-stakes assignments stayed the same across the three
semesters observed. Information about the other STEM
courses is provided in the Supplemental Material [64].

B. Collection of quantitative observation data
1. Sample

Participating instructors (physics = 7, other STEM = 15)
were full-time faculty, consisting of eight tenured, four tenure
track, and nine non-tenure track faculty. These instructors
were drawn from four (of six total) STEM departments in the
College of Arts and Sciences on campus (i.e., Biology,
Chemistry, Mathematics, and Physics). These introductory
courses were targeted for the study because of their partici-
pation on the AAU and HHMI grants, and they engage the
majority of undergraduate STEM or pre-health students. All
instructors of the observed courses participated. In intro-
ductory physics, there were 7 instructors (6 men and 1
woman), comprising 3 non-tenure track, 3 tenure track, and 1
tenured faculty.

All the observed science and math courses can be
categorized as lecture based for two reasons. First, the
university describes these courses as lectures in official
documents. Second, our observational data indicate that the
dominant teaching strategy used in every class session was
lecture. It should be noted that many of the courses
included additional components such as laboratories or
recitations, but only the lecture portion of each course was
observed. The individual lecture sections had enrollments
ranging from 70 to 338 students (average section enroll-
ment: Physics, N = 96; other STEM courses, N = 194).

All faculty members were observed approximately 3
times during a given semester. Thirty-two percent (n = 7)

of the 22 faculty participants were observed during multiple
semesters. If an instructor taught multiple sections of the
same course in a semester, we tried to observe the section
with the larger enrollment. When we observed the same
course over multiple semesters, we observed the same
topics each semester to control for variation in content that
may be more or less amenable to active learning [65,66].
Data were collected for 1.5 academic years, from fall 2018
through fall 2019.

2. Tools

We used the observation protocol for active learning
(OPAL) [63] to document our observations in each course.
Similar to COPUS [67] and TDOP [68], OPAL captures
both instructor and student behaviors in 2-min intervals. To
study individual verbal participation, we created a gender
participation map to supplement the OPAL observation tool
and documented individual verbal participation of students
(Supplemental Material [64]). For each 2-min time interval,
the gender participation map divides the classroom into six
quadrants (front right, front center, front left, back right,
back center, and back left), and the observer records the
perceived gender of any individual student participant
within that time interval. We should note that following
previous research [24,27,37], the perceived gender of an
individual participant is decided by the observer, and may
not be the gender that the student identifies with; therefore,
it is an imperfect variable to study gender disparities in the
classroom. If the observer was unsure of the participant’s
gender, they used “U” for unknown. Less than 1%
(7/1144) of individual participants were coded “unknown,”
and these participants were removed from the study. At the
end of each observation, we summed the total number of
individual participants and calculated the percentages of
perceived men and women who individually participated
verbally. An approximate number of students in each of the
six quadrants was also recorded, but the location data are
not reported in this study. Importantly, the map does not
keep track of individuals who participate more than once,
due to observers’ inability to identify individual students in
large enrollment classes where seats are not assigned.
Instead, each instance of an individual participating is
coded as a unique participant, and repeat participants may
therefore influence the gender equity of observations.
Implications of this data collection method are discussed
in Sec. V.

3. Timelines

The quantitative OPAL data from each observation
(physics, N = 42; other STEM courses, N = 54) were
transformed into OPAL timelines (see the Supplemental
Material in Frey et al. [63]). Seven observations were
eliminated because they had no individual participants; one
was eliminated due to the lack of a gender participation
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TABLE I. Example OPAL codes in each segment type*.

OPAL codes for

Brief description

OPAL codes for Brief description

Segment label instructor for instructor students for students
Lecture LHV Lecture with handwritten visuals L Listening to instructor
Clicker activity PSb Posing problem-solving activity on the QG Discussing question
board in groups
Sfu Summary follow-up Vr Voting with technology
Demonstration or PDV Passive demonstration or video Ly Listening to instructor
video Dfu Discussion follow-up
Other active PSv Posing problem-solving Ind Thinking or working
learning activity verbally individually
Dfu Discussion follow-up

“This is not the exhaustive list of all the codes that can fall into a segment, only a subset of the most common codes used. For a full
code list with detailed descriptions, please see the Supplemental Material of Frey et al. [63].

map. Following the procedure used in Solomon et al. [69],
we separated the quantitative timeline data into segments
corresponding to the teaching strategies used: lecture,
clicker activities, demonstrations or videos, and other
active-learning activities [(OAL); in this study, primarily
small-group or individual problem solving without the use
of clickers]. One additional observation was excluded from
analysis because it consisted of lecture only (i.e., no active
learning was observed) and therefore would not fit into our
active-learning framework. The observations that were
eliminated from the study were all from the other STEM
courses observed; thus, the final sample included 87
observations across four STEM disciplines (physics,
N = 42; other STEM courses, N = 45).

While almost all the quantitative timeline data could be
categorized in one of these four teaching strategies, there
were a limited number of intervals we labeled “not coded.”
These intervals were often course announcements at the
beginning or end of the class session, and they amounted to
only 3.9% of the class session on average. Occasionally,
different segments (e.g., lecture and clicker activities)
would overlap within one two-minute interval due to the
ability for multiple classroom activities to occur during the
same time interval. In those cases, we divided the interval in
half, attributing one minute to each of the teaching strategy
segments, following the procedure in Solomon et al. [69].
When applying the segmenting technique, the codes in
each two-minute interval were our guide in determining
where one segment began and another ended (see the
Supplemental Material in Frey et al. [63] for both the codes
and guidance on how to segment). Example OPAL codes
corresponding to each of the four segment types are listed
in Table I and samples of segmenting for each subcategory
are provided in Fig. 1. The categories are discussed below
in Sec. III A and are found in Table II (detailed descriptions
in Supplemental Material [64]). Additional information,
such as complete sample timelines for each subcategory
and how we applied the segmenting, can be found in the
Supplemental Material [64].

C. Visual analysis of observation data

Following the procedure in Solomon et al. [69], once all
the timelines were generated and segmented, we conducted
a visual analysis by comparing observation timelines within
and between faculty. Qualitative-analysis methods, includ-
ing visual analysis, are typically iterative in nature, mean-
ing that the analyses are conducted in multiple steps before
arriving at the final results, and multiple research members
are involved in this visual analysis [70]. Qualitative results
are typically in the form of categories, sometimes sub-
divided into narrower subcategories, that are then described
in detail with samples of data provided. Such results can
then be used to calculate frequencies for quantitative
analysis, which we do in this study.

The visual analysis in this study began with one
research-team member (A.Y.) visually inspecting every
timeline and looking for similarities and differences in the
implementation (e.g., timing, duration, and frequency) of
the four teaching strategies described above, similar to
Solomon et al. [69]. A.Y. determined that some timelines
did not align well with the original framework; the
implementation of active learning had evolved or become
more complex since the previous study. In such cases, A. Y.
took notes about the additional pedagogical strategies and
parameters used to differentiate the timelines; for example,
noting a contrast between instructor versus student-
prompted interaction.

D. Categorization of class sessions
based on observation data

To determine the final categorization of each observa-
tion, two additional research-team members (A.F. and
R.F) independently visually inspected all timelines and
categorized them into the original categories, separating out
those that did not fit well. Any discrepancies among the
three categorization decisions by A.Y., A.F, and R.F.
were resolved through detailed and critical discussion.
Interrater reliability was not calculated due to the modest
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Sample segmenting for each subcategory. In the top left corner, the subcategory the timeline represents is noted (see list of

categories and subcategories in Table II). The center black bar shows the 2-min time intervals during an observation. The brackets
indicate the teaching strategy used in that time interval. The combined “Demo & Clicker Activity” brackets are used to visualize clicker
activities based on a demonstration, but the time spent on each individual teaching strategy was noted during the observation and used in
our analyses. The asterisk on the last timeline denotes that this timeline shows the first 50 min of an 80-min observation. The
corresponding full timelines for each segmented sample in this figure are in the Supplemental Material [64].

sample size, and hence analysis triangulation (between the
three researchers) was used and we reached consensus on
all observations [70,71]. Each team member provides a
unique perspective on the data: (1) A. Y. (Ph.D. in biology)
as a science-education specialist who conducted many of
these classroom observations, (2) A.F. (Ph.D. in linguis-
tics) as a Project Manager and Research Scientist who

investigates sense of belonging in STEM undergraduates
and also conducted many of these observations, and (3)
R. F. (Ph.D. in chemistry) as a STEM faculty member and a
STEM discipline-based education researcher with expertise
in qualitative analysis.

During the process, the team determined that two
subcategories (1B and 1C) should each be further separated
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TABLE II. Categories and subcategories by number of observations for introductory physics courses.
Category Description Physics (N = 42)
1 Lecture with clicker activities 23 (54.8%)
2 Lecture with demonstrations or other active learning activities 4 (9.5%)
3 Lecture opens with clicker activities (roughly comprising at least one-third of class time) o
4 Lecture with a combination of clickers, as well as demonstrations or other active learning 15 (35.7%)
Subcategory Description or criteria N Physics (42)
1A No other interaction, limited time spent on clicker 3 (7.1%)
lB-ip* Limited interaction—Instructor prompted (SQs < 5), presence of clicker activity 6 (14.3%)
lB—sp* Limited interaction—Student prompted (SQs > 5), presence of clicker activity 2 (4.8%)
1C—ip* Medium interaction — Instructor prompted (SQs < 5), presence of clicker activity 7 (16.7%)
1C—sp* Medium interaction—Student prompted (SQs > 5), presence of clicker activity 3 (7.1%)
1D High interaction, presence of clicker activity 2 (4.8%)
2A Limited demonstration or other active learning 3 (7.1%)
2B Frequent demonstration or other active learning 1 (2.4%)
4A Some interaction, presence of clicker activity, as well as demonstrations or other 12 (28.6%)
active learning activities
4B High interaction, presence of clickers, as well as demonstrations or other active learning activities 3 (7.1%)

“Note: ip = instructor-prompted, sp = student-prompted, SQ = student questions. Category 3 is not represented in our data because
it was a unique category that was created by Solomon et al. [69] to fit one instructor’s teaching style.

based on whether the interaction tended to be instructor
prompted (ip) or student prompted (sp). In addition, the team
decided category 2 should be split into two subcategories (2A
and 2B), based on the total amount of time spent on “other
active learning” strategies. No observations fit into category
3, as it was a unique category that was created by Solomon
et al. [69] to fit one instructor’s teaching style. The final
categories and subcategories for the physics observations are
listed in Table II (detailed descriptions in Supplemental
Material [64]), with sample segmentation in Fig. 1. The same
analysis for all the disciplines in this overall study are found
in the Supplemental Material [64].

To verify that the visual analysis yielded distinct categories
and subcategories, we conducted analysis of variance tests
(ANOVAs) and Tukey range tests to confirm that these
categories and subcategories significantly differed from one
another in pedagogically meaningful ways (Supplemental
Material [64]). Similar to Solomon et al. [69], these analyses
confirmed that all categories in our augmented framework
significantly differ in the amount of time spent on clicker
activities. Category 4 spends the most time on clicker
activities and category 2 spends almost no time on them
(forall p < 0.004). Category 4 spends significantly less time
lecturing and significantly more time conducting demon-
strations than either category 1 or 2 (for all p < 0.001). All
the categories differ significantly on the amount of time spent
on “other active learning”, with category 2 spending the most
time and category 1 spending the least (for all p < 0.05).

E. Collection of survey data

All students enrolled in these courses (N = 5987) in Fall
2018, Spring 2019 and Fall 2019 were invited to participate
in this study, which was approved by the university’s

Institutional review board. Students received some form of
extra credit in their laboratory course or lecture course as
compensation for completing the surveys. Approximately
92.8% of students (N = 5557) consented to participate.
Any student who did not consent to participating was
removed from the survey dataset. Data from the registrar
were obtained for those who consented to participate,
including “gender,” which refers to the biological sex of
the student that is on their birth certificate. We used this as a
proxy for the number of men and women in the course,
although we recognize that not all students identify with the
binary gender they were assigned at birth and this is an
imperfect variable to study gender equity.

Students received a packet of surveys at the beginning
and end of the semester in each course. Two survey items
about overall course inclusivity and self-reported individual
verbal participation came from a survey measure developed
by the Center for Integrated Research on Cognition,
Learning and Education (CIRCLE) to examine academic
inclusion in the course. Students were asked to rate “How
inclusive do you feel the course [insert course name] was
overall?” on a 1-5 scale, with 1 being “not at all” and 5
being “highly inclusive.” The self-reported participation
question asked “In [insert course name], please estimate the
percentage of class periods during which you individually
asked or answered a question out loud” with a response
slider ranging from 0% to 100%. These two survey items
were administered only at the end of each semester. In
addition, six survey items measuring students’ belonging in
the target course [33] were administered at the beginning
and end of each semester, though only the end-of-semester
survey responses were utilized in this study. The belonging
survey included both a “sense of belonging” factor and a
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“belonging uncertainty” measure. A previous study at this
institution used factor analysis to establish these as two
statistically distinct (or separable) scales, with four items
loading onto the perceived belonging factor and two
loading onto belonging uncertainty [33], and an additional
study at a different university found the same factor
analysis [32]; the survey used in these previous studies
was adapted from Walton and Cohen’s belonging survey
[31]. The questions were assessed on a six-point scale, and
the survey is listed in the Supplemental Material [64]. Only
the four items corresponding to the sense of belonging scale
were used in this study and the responses were averaged to
create a composite belonging score.

F. Quantitative analyses

To compare the gender equity of individual verbal
participation across observations from different classroom
contexts, we used two approaches. First, we created a
“participation score” measure. The participation score is a
likelihood ratio defined as follows:

Participation Score = (Pyw/Cyw)/( Py/Cur)s

where Py, is the proportion of women participants, Cyy is
the proportion of women in the class, P, is the proportion
of men participants, and C,, is the proportion of men in the
class. A participation score of one means that participation
is gender neutral; i.e., just as many men and women
individually participated verbally as expected given the
gender composition of the course. A participation score that
is greater than 1 means women participated at a higher rate
than expected, and a participation score less than 1 means
that men participated at a lower rate than expected. We
chose to examine likelihood ratios with women as the
numerator not only because this follows previous work
[37], but also because this allowed us to retain most of the
observation data. Specifically, likelihood ratios are unde-
fined when the denominator is zero, and our dataset
included far more observations where no women partici-
pated in (n = 14) than where no men participated (n = 4).
In addition, because there were no physics observations
lacking men participants (i.e., all 4 were other STEM
observations), no study 1 data were lost.

In the analyses described below, we use participation
scores when examining the observation data in aggregate;
e.g., when testing for differences in the average participa-
tion score across active-learning categories (1, 2, 4) or
across disciplines (physics versus other STEM courses).
Participation scores therefore provide an overall view
of the gender balance of individual verbal participation.
Nonparametric tests (i.e., one-sample Wilcoxon tests, two-
sample Mann-Whitney U tests, Kruskal-Wallis tests, and
Spearman’s correlation tests) were used to examine signifi-
cance because our likelihood-ratio distributions were

non-normal distributions (Shapiro-Wilk test: W = 0.79,
p < 0.001), and rank-biserial correlations were used to
determine effect sizes (0.1- small, 0.3-medium, 0.5-large)
[72,73]. Participation scores therefore provide an overall
view of the gender balance of individual verbal participation.
One limitation of the participation scores is their failure to
account for the total number of individual participants in each
observation, which may exaggerate the presence of gender
inequitable participation when the total number of individual
participants is low.

Therefore, we also conducted a second set of analyses
using the binomial test, which does factor in the total
number of individual participants. The binomial test does
not provide a high-level view of gender equitable partici-
pation; instead, it assesses whether the individual verbal
participation in a single observation deviated from the
expected distribution given the gender composition of the
class. Thus, we implemented the binomial test to sta-
tistically evaluate the hypothesis that men might dispro-
portionately participate in STEM classes at the level of
individual observations. We used the binomial analyses to
complement and corroborate the aggregate analyses that
used the participation score measure. Cohen’s & was used
to determine the effect size of the difference between the
two proportions used in each binomial test (i.e., the
proportion of men or women participating in a class session
versus the proportion of men or women enrolled;
0.2 = small, 0.5 = medium, 0.8 = large) [74].

Although the primary focus of this investigation was
individual verbal participation during class, we also exam-
ined the gender balance of individual participation in
clicker activities using the binomial test. In other words,
we tested whether women and men students responded to
clicker questions at expected rates relative to the gender
composition of the class. Such analyses could only be
conducted for those courses that tracked student partici-
pation in clicker activities (57/87, 65.5%). It should be
noted that clicker participation was used as part of a
participation grade in some courses, which could have
influenced a student’s likelihood to participate. The physics
courses we observed required regular participation as part
of their final grade (accounting for 3%—5%, depending on
the semester), although they did have built-in absences
allowed each semester. In the other STEM courses, students
in biology courses could receive up to 1% of their final
course grade in extra credit for participating in clicker
activities and chemistry students received no credit for their
clicker participation. None of the calculus courses used
clicker activities.

For the student survey data, Pearson correlation tests
examined the bivariate relationships among the three late-
semester survey outcomes: self-reported individual verbal
participation, course-level sense of belonging, and course
inclusivity. In addition, two linear mixed-effects regression
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models assessed whether students’ self-reported participa-
tion in a course correlated with their late-semester sense of
belonging and inclusivity at the end of that course, and
whether those correlations varied by gender. Fixed effects
included self-reported participation rate (centered), gender
(F=-05, M =0.5), and the participation x gender
interaction; random intercepts for the course (e.g.,
Introductory Physics I, Fall 2018; Calculus I, Fall 2019)
were also included. The dependent variable was either late-
semester belonging or course inclusivity.

III. RESULTS

First, we describe the results of the visual analysis and
categorization of faculty, then we describe the results for
our two research studies.

A. Visual analysis results

Three of the four categories in Solomon et al. [69] were
found in our data; category 3, which was limited to a single
faculty member in the previous study, was not used in our
work. Observations in category 1 use clicker activities as
their main active-learning component, while those in
category 2 use demonstrations or other active-learning
strategies (such as small-group discussion and individual
problem solving) as their primary active-learning compo-
nent with minimal or no clicker questions. Observations in
category 4 use multiple pedagogies with no one dominant
strategy to create an active classroom (clickers were always
used, in addition to demonstrations or other active-learning
strategies). We further divided the observations into sub-
categories, differentiating the implementation styles of the
faculty based on frequency of active learning and inter-
action prompt type (i.e., instructor-prompted, denoted ip,
versus student-prompted, denoted sp) (see Table II). In
contrast to Solomon et al. [69], the current study catego-
rized class sessions on the observation level instead of at the
faculty level. This current approach means that a single
faculty member could have multiple observations that fell
into different categories and/or subcategories.

The visual analysis confirmed that physics instructors
successfully enacted their course philosophy by using a
variety of learning activities. As shown in Table I, the
physics observations were predominately in categories 1B-
ip, 1C-ip, 4A, and 4B. They almost always incorporate
clicker activities in their courses, but a sizable number
(15/42, approximately 36%) fall into category 4, which
means they spend a similar amount of time on an additional
learning activity (typically demonstrations but occasionally
it is other active-learning strategies, such as individual or
small-group problem solving). When students individually
participate in the physics courses, that participation appears
to be mostly instructor prompted (i.e., students are answer-
ing instructor questions: ip, N = 13; sp, N =5).

B. Study 1: Exploring individual participation patterns
in introductory physics courses

1. Is individual verbal participation in the introductory
physics courses gender balanced?

When individual participation rates are examined in
aggregate over all the physics observations, we see evi-
dence of gender inequity in participation. The average
participation score in the physics courses is 0.67, meaning
men on average participated more than expected based on
the course rosters. A one-sample test confirms that the
average participation score (M = 0.67, SE = 0.10) signifi-
cantly deviates from a neutral participation score of one
(V =192, p < 0.001, rank biserial = —0.57). When phys-
ics observations are broken out by category, the most
populated category (category 1) has an average participation
score significantly different from one, with the effect size
demonstrating a large degree of gender inequitable partici-
pation (V = 52, p = 0.005, rank biserial = —0.62; Fig. 2).
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FIG. 2. Examining physics observations by category and
participation score. Box-and-whisker plots of the participation
scores in all categories within physics. Each point represents a
class observation relative to the “neutral” participation score of
one (horizontal line). The boxes show the median participation
score in each category (center bar), the first and third quartiles
(i.e., the 25" and 75 percentiles; “hinges” or outer lines of box),
and 1.5 times the interquartile range (“whiskers” or lines
extending from boxes). The majority of observations have higher
rates of participation of men (i.e., participation scores lower than
1), and the mean participation scores do not differ from each
other. Category 1 is for lectures with clicker activities as its main
active-learning component; Category 2 is for lectures with either
demonstrations or other active learning as its main active-learning
component; and Category 4 is a combination of clickers as well as
demonstrations or other active-learning components.
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Category 2 (M = 0.50, SE = 0.25) has a smaller mean
participation score than category 1 (M = 0.63, SE = 0.14),
suggesting a stronger bias towards men’s participation, but it
fails to significantly differ from the neutral score of one
(V =1, p =0.10, rank biserial = —0.80), probably due to
the small number of observations in that category (n = 4).
The mean participation score for category 4 is closer to one
(M =0.77, SE =0.20), but the difference approaches
significance with a medium effect size (V =34, p = 0.07,

rank biserial = —0.43). The categories do not differ from
each other in terms of mean participation score (3> = 0.45,
p =0.7974).

As mentioned in Sec. II, the number of individual
participants in an observation is not accounted for when
calculating a participation score, potentially inflating the
impact of observations with few individual participants.
Therefore, we ran binomial tests to assess gender equity in
participation at the individual observation level and calcu-
lated Cohen’s £ (0.2 = small, 0.5 = medium, 0.8 = large)
[74] to determine the direction and magnitude of the
difference between the two proportions (i.e., the proportion
of participants that are men and proportion of men on the
roster), while adjusting for the total number of participants
in the target class session. Thirty-three (78.5%) of the
physics observations had a negative Cohen’s &, indicating
more men participated than expected based on the roster
(Fig. 3). For 10 of those 33 observations, the descriptive
gender participation imbalance observed using Cohen’s h
reached statistical significance (p < 0.05). Thus, almost a
quarter (23.8%) of individual physics observations
(N = 42) were not gender equitable in participation, with
men speaking up in class at disproportionately high rates.

Discipline
+ Physics

Significance
® ns
® sig

Cohen's h

0 10 20 30 40 50 60
Total # of Participants

FIG. 3. Examining individual classroom observations for gen-
der equity. Each point represents a binomial test evaluating
whether the observed proportion of men individually participat-
ing verbally in class differs from the proportion of men on the
roster. Cohen’s h represents effect size, or the distance between
the expected proportion (based on the course roster) and the
observed proportion of men participating. A Cohen’s h greater
than zero indicates that women participated at higher levels than
expected, while a Cohen’s £ less than zero indicates that men
participated at higher levels than expected. Significance is
denoted by color: the 10 (out of 42) significant tests are black,
and the nonsignificant tests are gray.
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FIG. 4. . Women tend to individually participate more in

women-majority physics classes. Scatterplot of physics obser-
vations by gender representation in the course (x axis) and
participation score (y axis). Simple regression lines illustrate the
linear relationship between proportion of men in the course and
participation scores (shaded area represents the 95% confidence
interval). We find a moderate, significant correlation between
participation scores and the proportion of men and women
enrolled in the course, meaning we tend to find higher rates of
women individually participating when there are more women in
the classroom.

Although both the participation scores and the binomial
tests account for the gender composition of the course, we
explored whether the pattern of gender in participation in
physics was linked, at least in part, to representational
inequities in the student population. A moderate, signifi-
cant correlation emerged between participation scores and
the proportion of men and women enrolled in the course
(p =—0.31, p = 0.05) (Fig. 4). In other words, we found
an association between our aggregate measure of partici-
pation and gender representation in the roster.' This
relationship has also been seen in Bailey et al. [27],
where females participated more in biology classes when
they were a student majority. Taking all of these pieces
together, the observational evidence therefore suggests
that gender inequity in individual verbal participation in
introductory physics may be linked to course enrollment
patterns.

'Where available, clicker data, which show the number and
gender of students in the classroom during a specific observation,
confirm the roster provides an accurate description of gender
representation in classroom [r(35) = 0.939, p < 2.2 x 10716].
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FIG. 5.

An increase in the number of (a) instructor-prompted questions, (b) group responses, and (c) student questions appears to be

strongly correlated with a higher participation score (regardless of category). Scatterplots of physics observations by the (time-
normalized) number of instructor questions (x axis) and participation score (y axis). Simple regression lines illustrate the linear
relationship between instructor-led questions and participation scores (shaded area represents the 95% confidence interval).

2. Are more interactive classes correlated with more
equitable participation? Are there any instructor or
student behaviors that correlate with equal participation?

While many observations had participation scores less
than 1, others had a near neutral participation score or
scores greater than 1. We therefore sought to determine if
any instructor or student behaviors correspond with more
equitable individual participation. We examined the rela-
tionships between participation scores and the number of
(a) questions an instructor asked, (b) group responses by
students in the course, (c) questions students asked, and
(d) clicker questions asked per class period.

Within physics classes, we found a significant, large
correlation between the number of instructor questions and
participation scores (p = 0.63, p < 0.001). As seen in
Fig. 5(a), more instructor-prompted questions corre-
sponded with higher participation scores, indicating indi-
vidual participation more closely reflected the gender
makeup of the class. This finding appeared across instruc-
tors and categories. We also found a significant, moderate
correlation between the number of group responses by
students and participation scores within physics classes

(p = 0.54, p < 0.001) [Fig. 5)], although the interpretation
of this pattern remains unclear. More active classes (i.e., the
classes with higher numbers of individual participants)
tended to have higher numbers of group answers
[r(40) = 0.60; p < 0.001], suggesting that the association
between equitable participation and group responses could
reflect an underlying tendency for more active class
sessions to be more equitable. The number of student
questions was also found to significantly correlate with
more equitable participation [p = 0.33, p = 0.04; Fig. 5)].
This potentially signals that if students are invited to ask
questions, women may be more likely to participate. The
number of clicker questions did not significantly correlate
with more equitable participation (p = —0.10, p = 0.54).

3. Is individual participation via clickers equitable?

To examine whether individual participation via clickers
was gender equitable, we ran binomial tests comparing the
proportion of men and women who submitted clicker
responses with the proportion of men and women enrolled
in each class section. The tests proved nonsignificant for all
classroom observations that used clicker activities (N = 37,
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TABLE III. Summary of participants’ self-reported individual verbal participation in each semester.
Fall 2018 Spring 2019 Fall 2019
Department F % (n; SE) M % (n; SE) t F % (n; SEy M % (n; SE) t F % (n; SEy M % (n; SE) t
Physics 9.60 15.13 —-3.30° 9.60 14.44 —2.57 11.22 15.91 —231°
(269; 1.17) (316; 1.19) (215; 1.23) (255; 1.43) (255; 1.35) (240; 1.52)

Note: Percentages indicate the proportion of class sessions that students perceived themselves individually and verbally participating.
Subsample sizes broken out by gender are reported in parentheses (n). Two-sample ¢ tests are reported, and * indicates p < 0.05.

p > 0.10). Therefore, in contrast to the individual verbal
participation data, clicker participation rates did not favor
men or women (i.e., men and women equally participated
in clicker activities, given their representation in class).

4. Do student perceptions of their individual verbal
participation in the introductory physics class mirror the
observational data?

To address this question, we averaged the self-reported
individual verbal participation of men versus women in
each overall course (i.e., combining all the survey partic-
ipants across all the physics sections in a given semester).
We found that men consistently reported higher participa-
tion rates than women (p < 0.023, see Table III); on
average, women reported participation in 10% of all class
sessions and men reported participation in 15% of all class
sessions. This pattern aligns with the classroom observation
data, which illustrated higher levels of individual verbal
participation by men.

5. Does self-reported individual verbal participation
correlate with course-level belonging and inclusivity at
the end of the course?

Both course-level sense of belonging and inclusivity at
the end of the semester showed small, significant correla-
tions with self-reported participation levels [belonging:
r(1547) = 0.19; inclusivity: r(1547) = 0.16, p < 0.001].
The positive correlations indicate that greater belonging
and inclusivity are associated with more frequent partici-
pation (i.e., self-reported participation in a larger percent-
age of class sessions). Belonging and inclusivity scores
were also found to be moderately correlated with one
another [r(1547) = 0.49, p < 0.001], which is not surpris-
ing given that classroom inclusivity affects course-level
sense of belonging [35].

Linear regressions were used to explore whether course-
level sense of belonging and inclusivity, as dependent
variables, relate differently to self-reported participation
among men versus women. As shown in Table IV, neither
regression revealed a significant interaction of gender and
participation (p > 0.29). Instead, all students who reported
participating more often tended to report stronger feelings
of belonging and inclusivity, regardless of gender. In
addition, a main effect of gender indicates an overall

tendency for men to report stronger belonging than women
(p < 0.001), as seen in other STEM studies on belonging
[32,33]; gender was not associated with inclusivity.

C. Study 2: Comparing individual participation
patterns in physics to other introductory STEM courses

In study 2, we compared the findings of the introductory
physics class sessions to other introductory STEM classes
(specifically introductory biology, general chemistry, and
calculus) as a collective group, which had different
amounts and patterns of active learning, class sizes, and
proportions of men and women. In addition, we checked
whether the correlation patterns observed in introductory
physics are seen in these other disciplines. For instance, are
instructor-prompted questions also associated with more
equitable individual participation in other introductory
STEM courses? More detailed information about the
methods and results for the other STEM disciplines can
be found in the Supplemental Material [64].

1. Similarities between physics and other STEM

Many of the patterns seen in the study 1 observational
data were also replicated in study 2. Like physics, the other

TABLE IV. Linear mixed effects regression models predicting
physics post-survey outcomes.

A. Sense of belonging model

Predictor B SE t )4

Intercept 4.61 0.05 94.05  <0.001"
Participation 0.007  0.001 6.98 <0.001"
Gender 0.19 0.04 4.35 <0.001"

Participation x Gender ~ 0.001  0.002 0.55 0.58
B. Inclusivity model

Predictor B SE t )4
Intercept 4.11 0.08 51.09 <0.001"
Participation 0.007  0.001 6.12 <0.001"
Gender 0.01 0.05 0.23 0.81
Participation x Gender ~ 0.002  0.002 1.06 0.29
Note: N = 1549. " denotes p < 0.05. Self-reported participation
was centered, and gender was contrast-coded (F = —0.5,

M = 0.5). Both models include random intercepts for course
(n = 3; Physics 1 in Fall 2018 and 2019, and Physics 2 in Spring
2019). Sense of belonging was measured on a 6 pt. scale, and
inclusivity on a 5 pt. scale.
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STEM disciplines had an average participation score that
differed from one and were less than 1 (V = 247, p = 0.009,
rank biserial=-0.43), indicating that men were overrepre-
sented among individual verbal participation. The mean
participation score in the other STEM courses (M = 0.85,
SE = 0.16) did not significantly deviate from the physics’
mean (M = 0.67, SE = 0.10; W = 939.5, p = 0.48), sug-
gesting similar levels of gender inequitable participation
across STEM disciplines (Fig. 6). Like physics, the majority
of binomial tests in other STEM courses (66.7%) also
showed participation favoring men (indexed by negative
Cohen’s h scores, Supplemental Material [64]), yet the
number of observations with statistically significant binomial
tests was smaller in other STEM courses (N = 4/45; 8.8%)
compared to physics (N = 10/42; 23.8%).

In terms of instructor and student behaviors, a signifi-
cant, moderate, positive correlation was once again
observed between the number of student questions and
participation scores in the other STEM courses (p = 0.31;
p = 0.05), parallel to physics. Also comparable to physics,
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FIG. 6. Participation scores across all disciplines seem to show
a disproportionate amount of men individually participating.
Box-and-whisker plots of the participation scores in physics
courses versus all other introductory STEM courses observed.
Each point represents a class observation relative to the “neutral”
participation score of one (horizontal line). The boxes show the
median participation score in each category (center bar); the first
and third quartiles (i.e., the 25" and 75" percentiles; “hinges” or
outer lines of box), and 1.5 times the interquartile range
(“whiskers” or lines extending from boxes). While the other
STEM courses had a higher average participation score
(M = 0.85) than physics (M = 0.67), their means did not
significantly deviate from each other (W = 939.5, p = 0.48),
suggesting similar levels of gender inequity in individual par-
ticipation across disciplines.

there was no significant correlation between the number of
clicker questions and other STEM participation scores
(p=0.17, p = 0.29).

In all the other STEM classroom observations that used
clicker activities (N = 21/45), binomial tests once again
showed no significant differences between the gender
balance of clicker participation and the gender representa-
tion in the course rosters (Supplemental Material [64]). The
consistency of this result across physics and the other
STEM courses reinforces the idea that clicker activities
elicit equitable participation in the classroom. At the same
time, the lack of correlation between the number of clicker
questions and participation scores (see above) suggests that
equitable participation via clickers does not translate into
more individual women participating verbally.

Similar to physics, the student self-participation data in the
other STEM courses aligned well with the observational
data. As mentioned above, 2/3 of the binomial tests for the
other STEM courses generated negative Cohen’s & scores,
which indicate class sessions where participation was biased
towards men. However, the binomial tests reached signifi-
cance for only four class sessions (1 math, 3 biology;
Supplemental Material [64]), suggesting that the gender
inequitable participation was not very reliable across the
other STEM observations. Paralleling these observation data,
the survey data show that men tend to self-report descrip-
tively higher levels of participation than women in most other
introductory STEM courses, but the gender difference in
these self-reports only reaches significance in a single course,
the Fall 2019 semester of Introductory Biology [#(268.8) =
—2.12, p = 0.04; Supplemental Material [64] ]. This is also
the same course where the binomial tests for 2 classroom
observations reached significance.

If we directly compare students’ self-reported participa-
tion levels across disciplines, regression analysis confirms
that both physics and the other STEM courses exhibited an
overall effect of gender, with men in all disciplines reporting
3.35% higher individual verbal participation than their
women classmates [B = 3.35, SE = 0.61, #(3822.27) =
5.47, p < 0.001]. However, a significant interaction between
gender and discipline in the self-reported participation rates
was largerin physics (M > F by 5.04%, t(3820.9) = —5.36,
p < 0.001) than in the other STEM courses [M > F by
1.66%, 1(3825.2) = —2.12, p = 0.15]. These results sug-
gest that the gender inequity of individual verbal participa-
tion was less robust in the other STEM courses than in
physics.

Finally, both sense of belonging and inclusivity at the
end of the semester in the other STEM courses showed
significant correlations with self-reported participation levels
[belonging: r(2185) = 0.11; inclusivity: r(2279) = 0.09,
p < 0.001]. The significance of these correlations matches
the physics results, but they are weaker in strength, barely
meeting the threshold for a small effect. As in physics, sense
of belonging and inclusivity scores were moderately
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correlated with one another in the other STEM courses
[r(2224) = 0.39, p < 0.001].

2. Differences between physics and other STEM

While many of the findings in physics (i.e., study 1) were
replicated in the other STEM courses (i.e., study 2), a few
differences are found between physics and other STEM
disciplines. In physics, a moderate significant correlation
between an increasing participation score and a decreasing
proportion of men in the classroom (p = —0.31, p = 0.05;
Fig. 4), meaning that representation in the classroom may
have an effect on women’s individual participation. This
finding was not replicated in the other STEM courses,
where a small, but nonsignificant, correlation in the
opposite direction was found (p =0.23, p =0.15).
Therefore, the evidence of inequitable participation cannot
be explained by gender representation in the classroom in
other STEM classes, similar to other previous work [24,25].
In physics, we saw a strong association between an increas-
ing number of instructor questions and an increasing par-
ticipation score (p = 0.63; p < 0.001); in the other STEM
courses, this correlation is not significant and is in the
opposite direction (p = —0.25, p = 0.11; Supplemental
Material [64]). One potential explanation for these contrast-
ing results is variation in class size; the observed physics
classes tended to fall around 100 students in size, whereas
some of the other STEM classes were as large as 322
students. When we filtered out the other STEM classes
larger than 150 students (the gender participation maps
showed that actual attendance of these courses is around
100 students, which is comparable to physics courses), the
correlation switched to the same direction as physics but
remained nonsignificant (p = 0.09, p = 0.75; Supplemental
Material [64]). This was also found with group responses as
well, where the strong correlation seen in physics disap-
peared and instead found a small but not significant corre-
lation in the opposite direction (p = —0.28, p = 0.08;
Supplemental Material [64]). We again looked at the subset
of other STEM classes having a similar size as physics, and
this time the correlation did not switch to match physics, and
there was still no significance (p = —0.14, p = 0.61).

IV. DISCUSSION

Although the focus of this investigation (gender equity in
individual participation) differed from Solomon et al. [69]
(variety in clicker implementation), the general categori-
zation structure still applied to our new set of observations
[69]. The same basic categories differentiated sessions
where active learning consisted primarily of clicker activ-
ities (category 1), demonstrations or “other active learning”
(category 2), or a mix of at least two different pedagogies
(i.e., clickers are used, in addition to demonstrations or
other active-learning strategies; category 4). At the same
time, we expanded this category structure to accommodate

the increasingly complex ways faculty incorporate active
learning and interaction into their introductory STEM
courses. We refined the initial framework by further
dividing certain subcategories (1B and 1C) to reflect
how different instructors rely more heavily on either
instructor-prompted or student-prompted interaction. We
also separated category 2 into subcategories 2A and 2B,
acknowledging variety in the amount of time instructors
chose to spend on other active-learning techniques (e.g.,
individual problem solving, or small-group discussion).
Through these changes, we developed a modified frame-
work consistent with previous research [69] that also
captured the nuance of our faculty’s evolving use of
active-learning strategies.

A. Use of active-learning strategies
is not synonymous with equity

Active-learning courses are often promoted for their
potential to increase equity in STEM classrooms.
However, like Aguillon et al. [25] concluded about an
introductory biology course, this investigation suggests that
active learning is necessary but not sufficient to induce
gender equitable participation in introductory STEM courses
across several semesters, at least in terms of individual verbal
participation. The physics courses we observed had an
average participation score less than 1, indicating dispro-
portionately higher individual verbal participation by men
and lower individual verbal participation by women relative
to their proportion in the class. Observation-level analysis
confirmed that three-quarters (76.2%) of the physics obser-
vations had descriptively higher than expected participation
by men and almost a quarter of observations (23.8%) were
statistically significant for a gender imbalance in individual
verbal participation. A similar pattern emerged in the other
STEM courses, where the average participation score once
again indicated disproportionately high participation by men.
However, observation-level analysis in the other STEM
courses showed this gender imbalance still to be present
but less pervasive, with 66.7% of the other STEM observa-
tions demonstrating the descriptive pattern of participation
biased towards men and only 8.9% of observations sta-
tistically significant. Importantly, a gender imbalance in
participation still emerges in classrooms in which women
are a majority; therefore, the problem is not merely solved by
getting more women into STEM or the classroom. Proactive
strategies are needed to create equitable individual verbal
participation in the classroom.

Within physics, we found that three classroom behaviors
correlated with a higher participation score (i.e., a score
closer to 1.0, reflecting more gender equitable participa-
tion): the number of questions posed by an instructor, the
number of group responses by students, and the number of
student questions. However, only one of these practices was
correlated with an increasing participation score in the
other STEM courses (number of student questions).
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Suspecting that variety in class size in the other STEM
courses could mask the effects of different classroom
behaviors, we examined a subset of classes similar in size
to physics (<150 students) and found the correlations
resembled those in physics courses, however they still
were not significant (possibly due to lack of power;
n = 16). We suspect that larger introductory STEM classes
might feel overwhelming to students, so pedagogical
techniques used to encourage participation in medium-
sized classes (80-150 students) may not quite have the
same effect in larger courses (>150 students). While we
hypothesize that class size may contribute to the differential
impact of these pedagogical techniques on equitable
participation in physics versus the other STEM courses,
the current sample cannot systematically test this theory.
Despite this limitation, the current investigation shines a
light on the complex dynamics of active learning in STEM
classrooms. For example, while group answers may be a
valuable practice, and they correlate with more gender
equitable participation in our physics observations, the
technique seems unlikely to be the underlying reason
behind more equitable individual verbal participation.
More frequent group answers also corresponded with a
higher number of individual participants, suggesting that at
least within physics, more frequent group answers are an
indicator of class sessions that are generally more active
and perhaps more equitable as a result. At the same time,
this study also suggests that more active-learning oppor-
tunities does not automatically translate into more gender
equity in individual verbal participation. Physics classes in
our sample spent less time lecturing than the other STEM
courses (p = 0.03), but the gender disparities in physics
participation proved larger and more pervasive than in the
other STEM courses. The combined findings of study 1 and
study 2 provide evidence that the adoption of active-
learning strategies may not foster equitable participation
in and of itself. Instead, proactive steps need to be taken to
facilitate participation during those activities so students
from all identity groups are equally likely to respond.

B. Inhibitory influences on women’s participation

Why are women less likely to individually participate
out-loud in class? We hypothesize several factors might be
at play. First, women may already feel they have partici-
pated in other ways. As mentioned in the introduction,
Fritschner [39] observed that students can have varying
definitions of “participating” in a course. These different
perceptions could be due to the way a course outlines
participation points in the syllabus (e.g., all the biology and
physics courses we observed provide incentives to “par-
ticipate” in class via clickers). Other women may feel that
answering questions via a group response is sufficient
participation and a way for them to engage with the
material without singling themselves out. Especially if
women already have participated through other strategies,

they may feel less desire to volunteer an individual
response due to higher levels of anxiety about individual
verbal participation compared to men [28]. However,
further work examining students’ views of participation
is needed, especially in larger class sizes.

Another factor that might affect women’s individual
verbal participation levels is stereotype threat [26], or fear
of confirming negative stereotypes about women’s scien-
tific and quantitative abilities. Previous work has shown
that men are more likely to be named by their peers as
knowledgeable about course content in an introductory
biology course, and this bias persists even when controlling
for class performance [75]. Another study identified that
women were more likely to describe feeling anxious when
asking questions, or feel they don’t know the material well
enough to ask questions in their large enrollment science
courses [29]. In addition, we noted in the introduction that
men are more likely than women to perceive themselves as
a “physics person” [14,15], and report a higher sense of
belonging in physics [13,14]. This finding is confirmed in
our study, where women consistently report lower averages
of belonging in physics courses, and prior research links
lower physics belonging among women to negative gender
stereotypes [13]. Moreover, recent work has established
that women students in STEM fields, including physics,
experience higher levels of belonging uncertainty than
men, and such uncertainty might undermine women’s
motivation to participate [32]. Therefore, women may be
less likely to speak out in class because of their fear of
appearing or being perceived as less capable than their
classmates.

In contrast to individual verbal participation, our find-
ings suggest that individual participation via clicker activ-
ities is equitable in all the STEM courses we observed. The
proportion of men who participate via clicker is strongly
correlated with the proportion of men enrolled in the class
section [r(55) = 0.92, p < 0.001]. In other words, there is
a close correspondence between gender representation in
the classroom and clicker participation, with men and
women answering clicker questions at expected rates.
Clicker questions provide a way for students to engage
with the material, but their answers are anonymous to the
rest of the class (unless they choose to share). Gender-
balanced participation with clickers potentially points to
anonymous responding as a path towards more equitable
participation. However, verbal versus clicker participation
may not always be equivalent in terms of student learning
(i.e., both may not require the same level of cognitive
engagement) [76].

C. Student perceptions mirror observations

Our classroom observation data aligned well with
students’ self-reported participation data, demonstrating
the value of a multimethod research study for cross-
validating results. Although some literature has previously
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shown that self-reported participation data from students
are not always accurate [49,77,78], our student-generated
data largely preserve the patterns of individual verbal
participation we observed among men and women in class.
Through observation data, we found a consistent tendency
for men to individually participate at higher levels than
women, creating a significant overall gender effect, which
was driven particularly by physics courses. This pattern
was echoed in the self-reported participation data, where on
average men described higher levels of individual verbal
participation than women in every single discipline
(Table III), although these gender inequities only reached
statistical significance in a subset of semesters (all semes-
ters of physics and F19 semester of Introductory Biology).
Nonetheless, the finding of less robust gender inequities in
the self-reported participation data from the other intro-
ductory STEM courses compared to physics is notably
similar to the significance patterns in the observation-level
binomial tests.

Although the correlations between self-reported partici-
pation and course-level sense of belonging or inclusivity
cannot speak to the causal nature of their relationship, the
results illustrate a link between students’ classroom behav-
iors and their subjective experience of STEM courses. We
found that stronger feelings of belonging and inclusivity in
the course were positively correlated with higher levels of
self-reported participation. We hypothesize that creating
ample, equitable opportunities for students to (verbally)
participate individually may foster more universal feelings
of belonging and inclusivity in the course [35]. Conversely,
students who feel a stronger sense of belonging and
inclusivity may feel more comfortable taking advantage
of opportunities to verbally participate individually. Either
way, our study shows a connection between students’
behavioral and affective engagement in STEM courses,
and it emphasizes the importance of facilitating active-
learning activities in a manner conducive to creating
equitable verbal participation.

V. LIMITATIONS

This study is subject to some limitations which may
affect the interpretation of its results. One limitation is that
the vast majority of our clicker data is associated with some
small point value in the course, which makes it difficult to
evaluate if clickers do indeed lead to more equitable
individual participation. However, we find the same trend
of gender equity in individual participation in all our clicker
data, which include courses that give points towards the
course grade, extra credit, or no credit at all for participating
in the clicker activities. In fact, among observations in
which students received either extra credit or no credit for
participating, where participation might be considered
more of a choice than an obligation, 86% (18/21) of the
observed classes have women participating via clickers
more than expected based on the course roster. Although

the trends in our data do look promising, further work is
needed before reaching a conclusion about the causal
relationship between clicker activities and gender equity
in participation.

Another limitation of our study is the confound between
class size and discipline, which makes it difficult to isolate
their independent effects. The majority of introductory
courses within each discipline at our institution tend to be
the same size, but Fall 2019 observations provided the
opportunity to investigate cross-discipline variation in the
gender equity of verbal participation. We examined a subset
of other introductory STEM course observations that
matched the physics observations in terms of class size, to
compare disciplines within a sample of smaller-sized classes.
Although the associations between participation score and
classroom behaviors in the matched other STEM sample
looked descriptively similar to physics, they generally failed
to reach significance. Such results may reflect a lack of
power, or they may indicate that we collapsed across
variation in the other STEM disciplines. Either way, further
work is needed to rule out meaningful differences between
physics and other STEM disciplines, and to explore the role
that class size, among other factors (e.g., disciplinary culture,
instructor attitudes), plays in individual participation equity.

A third limitation of this study stems from examining
gender equity in verbal participation without distinguishing
different forms of participation (e.g., questions versus
answers) or the timing of participation (e.g., in follow-
up discussion versus during lecture). Unlike the study of
Eddy et al. [24], which isolated gender inequity to a
specific form of individual verbal participation—namely,
voluntarily answering an instructor’s question—this study
tested for an overall pattern of gender inequity across all
instances of individual verbal participation and explored its
relationship to students’ experience of their classes. In
future work, we may want to reexamine individual verbal
participation by participation type or timing to test specific
hypotheses about the drivers of gender inequity. For
example, different theories might predict more equitable
participation when examining student questions during the
lecture portion of courses, or more pronounced inequities in
participation in the follow-up discussion of activities. By
investigating gender equitable participation in a more
precise way, we may be able to develop more targeted
strategies to combat potential inequities.

A fourth limitation mentioned in Sec. II is that the
observers inferred the gender of the student in the observa-
tions, and therefore, it is an imperfect variable to study gender
disparities in the classroom. In addition, treating gender as a
binary variable fails to acknowledge the range of different
gender identities that students may express. Unfortunately,
having students self-describe their gender was not feasible in
these large classes, especially because there was no assigned
seating, and in many cases, students could attend different
sections of the same course. However, all the data we
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collected (course rosters, clicker data, self-reported partici-
pation data) aligns with our observational data, suggesting
that perceived gender is a reasonable proxy variable.

A final limitation which was also noted in Sec. I, is that
the gender participation map does not keep track of
individuals who participate multiple times in a session.
Therefore, the tool may overestimate the number of
students who are individually participating, and it may
allow highly vocal individual participants to exert greater
influence on the gender equitable participation in the
observations (e.g., having one or two men repeatedly
volunteer answers or questions). While the data may not
capture students who individually participate multiple
times in a session, it still accurately reflects how often
students hear men or women voices speak in the course. In
other words, the data do reflect students’ potential expe-
rience of class sessions in that the gender of individual
verbal participants fails to represent the gender composition
of the class. It is also important to note that the observa-
tional data mirrors the student self-reported levels of
participation, with both methods confirming that men are
more likely to individually participate than women in their
introductory STEM courses.

VI. IMPLICATIONS FOR INSTRUCTORS

This study strengthens the argument that the mere incor-
poration of active learning does not automatically lead to
gender equitable verbal participation in the classroom
[24,25,37]. Instead, proactive strategies must be used to
ensure that diverse students can and do seize the opportunity
to individually participate aloud in class. This section high-
lights several suggestions for facilitating equitable partici-
pation, further described in these resources [79,80].

Instructors can begin by reflecting on the ways they
encourage participation in the classroom, making sure their
expectations for participation in the course are outlined or
defined in the syllabus. Instructors should also verbally
communicate their expectations to the students starting on
the first day of class, and continuing throughout the semester.
In addition, they can motivate students to meet those
expectations, explaining how participation can enhance
learning and supports course objectives. By being trans-
parent with their students, instructors can help students
recognize, appreciate, and fulfill the expectations for the
course.

As discussed in Tanner [79], to foster a safe environment
that encourages all students to verbally participate, instruc-
tors can normalize mistakes and emphasize the collabora-
tive, community aspects of learning. Instructors can choose
their words carefully when a student responds with an
incorrect answer, working through the student’s thought
process and highlighting correct steps in the process (e.g. “1
see how you came to that conclusion. Let’s think about this
assumption in the problem; how might that change your
conclusion?”). Also, instructors can model behaviors they

expect from students. If they make an error in class, they
can treat it as an opportunity to affirm that everyone makes
mistakes. This approach will create an environment where
students may be more likely to participate because they will
feel less pressured to provide the correct answer and instead
contribute to the learning process.

Another way to encourage participation is to create
many, accessible participation opportunities. Instructors
may prevent the same few students from always answering
questions posed to the class by, for example, resisting the
urge to always choose the first hand that goes up, even if
doing so makes it faster to progress through the day’s
material. Allowing a small number of students to dominate
participation can create a “consolidation of responsibility”
[49], where students who do not regularly participate will
become passive participants by relying on those students
that regularly participate. An instructor might continuously
challenge themselves to ask for volunteers from different
parts of the room, or for new voices. These actions can help
encourage new students to verbally participate, and instill a
sense of shared responsibility for answering questions.

In this study, clicker activities appeared to be a more
equitable form of individual participation, suggesting that
anonymous individual response strategies may induce more
balanced participation. By allowing anonymous responses,
clicker activities encourage even the most hesitant students
to engage with the course material. They also help students
check their understanding and detect misconceptions they
may have, in addition to seeing how well they understand
the concepts compared to their peers [81]. While there are
many advantages to using clicker activities, we found that
gender-balanced clicker participation does not necessarily
translate into equitable individual verbal participation.
Therefore, instructors may need to explicitly encourage
students to find their voices in class, which may ultimately
help them advance into their field of interest.

Finally, as we asserted at the beginning of the discussion,
we cannot assume that gender equity in individual verbal
participation is a natural consequence of getting more
women in the room. In this study, we still found more
men participating than expected even in women-majority
classrooms: 63% (55/87) of our observations were women-
majority in terms of enrollment, while only 32% (28/87)
had more women individually verbal participate than men.
While many universities continue the important work of
getting more women into STEM classrooms, more effort
needs to be channeled into classroom-level strategies that
may help women take full advantage of learning oppor-
tunities, experience a sense of belonging and inclusivity in
the field, and ultimately advance on par with men in their
careers.
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