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Studies have documented that men’s voices are generally heard more than women’s voices in face-to-face
undergraduate biology classes, and some performance gaps have also been documented. Some of the few stud-
ies on gender equity in traditional online biology education suggest that women participate more and perform
better in asynchronous online courses compared to men. While much is known about emergency remote
teaching during the COVID-19 pandemic exacerbating existing inequities generally, studies are needed about
the impact of specific emergency remote teaching practices on specific groups such as women. In this study, we
performed an in-depth investigation of three life sciences classrooms that utilized synchronous online lectures
during the pandemic. We observed each class throughout the semester, quantified participation behaviors, and
investigated the role of student gender. We also compared final course grades by gender. On average, we found
that men participated more than women both verbally and by chat. These differences were not significant for
each class individually, but the differences align with the face-to-face patterns seen in this population previously.
Our results also hint that men’s chat comments may be more likely to be acknowledged than women’s chats by
peers. We found evidence of greater performance disparities favoring men than seen previously before the pan-
demic, but not in all classes. We discuss implications for instructors conducting emergency remote teaching as
well as the need for larger studies to test the replicability of our results.
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INTRODUCTION

Women are underrepresented in science, technology, engi-

neering, and math (STEM), but these fields have become more

equitable over time. In the last 50years, the number of women

in the workforce in STEM fields increased from 8% to 27% (1).

Women are well represented in biology, receiving more than

half of the degrees awarded in 2016 at the bachelor’s, master’s,
and doctorate levels (2). However, a closer look at the natural

sciences reveals subtle differences referred to as the leaky pipe-

line, as we see fewer women represented along the path to-

ward tenured professorship (3–6). At the same time, demand

for educated and diverse workers is continually increasing, and

increased inclusion of women could help meet that demand (7).

Research suggests that gender diversity benefits companies and

organizations, because women’s unique experiences are likely

to give them different perspectives and ideas (8, 9). Thus, it is

important that we strive to make STEM education more equita-

ble and close opportunity gaps for women (7).

As discussed by Eddy and Brownell (10), equal enrollment

numbers do not guarantee gender parity, and the effects of

undergraduate student performance, engagement, and student

affect have important implications down the pipeline. For example,

women may recognize gender inequities in classroom participa-

tion more than men and thus note classroom environments that

are more unwelcoming (11). These classroom experiences can

have long-lasting effects, as women are less visible and lack social

standing when they do not speak up (12) and students’ sense of

belonging in STEM impacts their STEM career interests (13).

Furthermore, participation can impact performance, as students’
perceptions of engagement, including active or collaborative learn-

ing and faculty interaction, are strongly related to their grades

(14). Again, classroom performance can have long-term effects as

grades and perceptions of ability or performance are strong pre-

dictors of persistence (15, 16). Thus, we chose to focus on under-

graduate women’s in-class participation and course performance.

Participation and performance gender inequities in
undergraduate biology classrooms

Recent studies on traditional in-person biology classrooms

have documented that men are more likely to speak up than

Address correspondence to Department of Biology, Brigham Young

University, Provo, Utah, USA. E-mail: liz_bailey@byu.edu.

Sierra C. Nichols, Yongyong Y. Xia, and Mikaylie Parco are

undergraduate student authors.

The authors declare no conflict of interest.

Received: 1 October 2021, Accepted: 16 November 2021,

Published: 28 March 2022

Copyright© 2022Nichols et al. https://creativecommons.org/licenses/by-nc-nd/4.0/This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
license.

April 2022 Volume 23 Issue 1 10.1128/jmbe.00281-21 1

Special Sections: Opportunities and
Challenges of Online Instruction

https://orcid.org/0000-0002-8679-4010
mailto:liz_bailey@byu.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1128/jmbe.00281-21
https://crossmark.crossref.org/dialog/?doi=10.1128/jmbe.00281-21&domain=pdf&date_stamp=2022-3-28


women in class (17–21). Some studies have found performance

gender gaps in favor of men in introductory biology classes,

especially on exams requiring higher-level cognitive skills (18,

22), while others found either no difference by gender (23) or

mixed results (24). We previously found that gender gaps in

performance varied across a wide range of life sciences courses,

and that women were more likely to underperform compared

to men in courses instructed by a man and/or where women

students were the minority (17). A recent meta-analysis found

that large class sizes, high reliance on exam scores, and lack of

active learning strategies were all predictive of decreased wom-

en’s performance compared to men in undergraduate biology

and chemistry classes (25).

Emergency remote teaching during the covid-19
pandemic

During the global COVID-19 pandemic, universities can-

celed face-to-face classes and transitioned to online learning. This

instruction has been termed emergency remote teaching (ERT)

to contrast this sudden and temporary change from traditional

online learning (26). Students have reported some benefits asso-

ciated with ERT such as flexibility (27, 28), but the literature also

lists many challenges (27–31). We note that difficulties arising

from the pandemic were not felt by all populations equally, and

existing inequalities were exacerbated (31–34). Thus, we must

investigate how ERT affected marginalized underrepresented

groups in STEM, including women.

Gender inequities in ERT and traditional online
learning

Recent research found that women were more likely to

report decreased motivation, focus, and self-direction than

their male peers during ERT (31). Furthermore, studies sug-

gest that women are more likely to turn off their camera

due to concerns about their background (35), and women

may get zoom fatigue due to mirror anxiety (i.e., anxiety

triggered by the perpetual mirror during video conferences)

more than men (36). Reinholz et al. (37) studied biology

classrooms that started in person and then transitioned

online mid-semester and did not find evidence of widened

gender inequities. They suggest that the diverse Zoom fea-

tures provided more participation spaces for women.

Much of the previous research on traditional online learn-

ing has been done on courses that utilize asynchronous activity,

and most results suggest that women have a more positive per-

ception of online classes than males, especially in terms of com-

munication and connectedness, and women often perform bet-

ter than men online (38–40). In a large study that compared

students’ online performance to previous in-person experien-

ces, researchers found that students generally performed worse

in online settings, especially men (41). Many women described

anonymity and asynchronous aspects of the course as the most

positive aspects (42). Many studies on asynchronous online dis-

cussions report that women post more than men and show

higher engagement and collaboration (43, 44); however, some

studies have found no gender differences in post rates (45).

Our research questions

While there is a growing body of research on gender

inequities in performance and in-class participation for biol-

ogy classes, the impact of ERT practices on gender equities

in undergraduate biology classes is largely unknown. We

chose to investigate synchronous online lectures, as these

are the most like face-to-face classroom experiences, and

performed an in-depth analysis of three life sciences class-

rooms to investigate these research questions:

1. How are instructors inviting participation in syn-

chronous online lectures during ERT?

2. Are men and women equally likely to participate in

synchronous online lectures overall? Verbally? By chat?

Does this depend on the gender ratios in the class?

3. Do these participation trends change over the

course of the semester?

4. Are there gender differences in final course grades

earned in ERT contexts that use synchronous lectures?

METHODS

Ethics statement and participant inclusion criteria

This study was approved by the Brigham Young University

Institutional Review Board (Protocol E2020-356). After receiv-

ing approval, we emailed the instructors of 61 synchronous

remote classes in the life sciences during the 2020–2021 school
year when ERT was common. Fourteen of those instructors

agreed to let us seek consent from their students to consider

their class, and all students consented for Zoom recordings to

be released in six of those classes. Three of those six classes

were excluded because there were fewer than three men en-

rolled. The final inclusion criteria were that the course must be

an undergraduate class in the life sciences, utilize live/synchro-

nous online lectures, have at least three men enrolled, and the

instructor and all students needed to consent for videos to be

viewed. While we originally intended to replicate the scale of

our previous study on in-person classrooms (17) (n=34), we
ended up with a smaller number of classes (n=3). This allowed
us to do a much more in-depth study of these classes.

Study population

Our study took place at a private, religious R2 university.

The student population is broadly Christian, relatively conserva-

tive, and generally high performing due to the competitive na-

ture of enrollment. In the college, �50% of the students are

women and �15% of the faculty are women (internal data,

2019). The course characteristics for the three classes used in

this study are summarized in Table 1, and more details about
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each course are found in the Supplemental Materials. In Table 1,

“points awarded subjectively” refers to points earned on open

response questions, essays, etc. as opposed to multiple choice

or similar question types that are computer graded. These sub-

jective points could be on exams or lower-stakes homework

assignments.

Classroom observationmethods

We observed class sessions by analyzing video record-

ings and chat box text files from Zoom videoconferencing

software. We collected recordings of three lectures that

took place early in the semester (first 5 weeks of a 15-week

semester), three from mid-semester, and three from late in

the semester (last 3 weeks of semester). For Class 1, we

were unable to get recordings early in the semester, so only

mid-semester and late semester data are included. For

some analyses, results from all six (Class 1) or nine (Class 2

and Class 3) observations were averaged or combined to

get an overall look at the whole semester. In other analyses,

results from three observations were averaged or combined

to give an average look at participation at a specific point in

the semester (early, mid, or late).

COPUS

First, we used the Classroom Observations Protocol for

Undergraduate STEM (COPUS) to analyze each recording (46,

47). Twenty-five unique codes were used to quantify instructor

and student behaviors in 2-min intervals. We also collapsed

those 25 codes into four codes for instructors and four codes

for students (48) (see Appendix 1).

Two researchers (S.C.N. and Y.Y.X.) watched and coded

the first video for each class individually, and we assessed inter-

rater reliability. Some of the COPUS codes were never coded

by our researchers (e.g., students presenting to the entire class).

Cohen’s kappa for the rest of the 25 codes ranged from 0.835

to 1.000. Cohen’s kappa for the eight collapsed codes ranged

from 0.913 to 1.000. As raters had excellent agreement, each

subsequent video was then only coded by one researcher.

We report COPUS results in a primarily descriptive man-

ner with collapsed codes (48), as we did not have a large data

set on which we could perform cluster analysis as has been sug-

gested (46). We also looked at specific codes, including percent

of time spent lecturing, to compare our data to previous cluster

analyses which grouped courses into didactic, interactive lec-

ture, and student-centered classrooms (49). However, we rec-

ognize the limitations of using the cluster analysis from a sepa-

rate data set and merely use these categories to discuss the

differences between our three classes.

Instructor invitations and student participation

Next, we quantified student participation and instruc-

tor invitations to participate based on a protocol adapted

from our previous in-person classroom observations (17).

For each video, we recorded the number of times the in-

structor made an explicit invitation for verbal participation,

invited students to use the chat feature, put students in

breakout rooms, and polled the class. More detailed defini-

tions of these behaviors are found in Appendix 1.

We also recorded the number of times each student typed

in the chat box or participated verbally. We also noted whether

students’ chat comments were acknowledged (either verbally

or in another chat comment) by instructors (the course in-

structor or TAs) or peers. In the recordings, we could not see

a participant list, so we could not tell whether students on the

roster were logged into Zoom or not. Thus, we did not have a

clear way to track absence vs silence, so non-participators in

our study may either be absent students or attending students

who never participated. More detailed definitions of these

behaviors are found in Appendix 1.

We assumed and recorded each student’s gender based

solely on whether they were male- or female- presenting in pho-

tos or their voice. This is clearly a limitation of our study, as we

do not know the possible complexities of each student’s gender

TABLE 1

Course characteristics

Characteristic Class 1 Class 2 Class 3

Class level 400-level 400-level 100-level

Audience Majors Majors General Education

Instructor gender Female Male Male

Teaching assistent genders Female Female Female

Class size 47 students 22 students 67 students

Female 25 (53%) 13 (59%) 48 (72%)

Male 22 (47%) 9 (41%) 19 (28%)

Chat/verbal participation required? No Yes No

Percent of final grade determined subjectively �33% �66% �70%

Percent of final grade dependent on exam scores 50% 43% 30%
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identity. The numbers of men and women in each class deter-

mined in this way matched the numbers of males and females in

the lists obtained from the registrar’s office, which include the

sex listed on students’ educational records (see Table 1).
When recording settings did not save student names, we

matched verbal participators to the pictures provided on the

course picture roll. If the face was not an obvious match, we con-

sulted with the research team to come to a consensus on which

student was participating. Because we had six or nine observations

of each class, students who participated with their cameras off

occasionally were able to be identified based on voice comparisons

with other observations in which their camerawas turned on.

Three raters (Y.Y.X., S.C.N., M.P.) analyzed the first video for

each class. Initially, interrater reliability (Cohen’s kappa) ranged

from 0.347 to 0.762. Raters then met and talked through differen-

ces until they came to a consensus. The three raters then all rated

the same video and achieved near perfect alignment (Y.Y.X. and

S.C.N. kappa=0.98; Y.Y.X. and MP kappa=0.96; S.C.N. and M.P.

kappa=0.98). Most of the rest of the videos were then coded by

a single rater. Occasionally a video had so much participation that

two raters would work together to properly identify all students.

Course grades

We obtained final letter grades for all students in each of

the three courses from the university registrar’s office. Data

were de-identified except for gender (biological sex on educa-

tional records) and ACT score. Thus, we can compare final

course performance by gender overall for each course, but we

cannot match specific students’ participation behavior with their
course performance. Final letter grades (e.g., A, A–, B+, etc.)
were converted to a 4-point scale (e.g., A=4, A– = 3.7, B+ =

3.3, etc.). When grades are presented as ACT-adjusted grades,

these are the estimated marginal means for gender after per-

forming a one-way ANCOVA. The one-way ANCOVA was

performed for each class separately, with gender as the inde-

pendent variables and ACT score as the covariate as an imper-

fect measure of preparation.

RESULTS

Course characteristics

First, we analyzed video recordings of synchronous zoom

lectures using COPUS (see Methods). As shown in Fig. 1A and

B, the three courses we observed were all unique in terms of

teaching style. Class 1 was more didactic with �70% of instruc-

tor codes fitting in the “presenting” category (Fig. 1A; blue).

Class 2 was more student-centered with �70% of instructor

codes fitting in the “guiding” category (Fig. 1A; orange). Finally,

Class 3 was more of an interactive lecture, but there was more

FIG 1. Teaching style based on instructor and student behaviors. Panels A and B:
Zoom recordings of synchronous lectures were coded using the Classroom
Observation Protocol for Undergraduate STEM (COPUS). All codes were
collapsed into four categories for instructor behaviors (Panel A) and four
categories for student behaviors (Panel B). The x axes represent the percent of
all codes. Data are averaged from six (Class 1) or nine (Classes 2 and 3)
observations, and error bars represent standard error of the mean. Panel C:
Instructor behaviors that invite student participation were quantified for each
video recording (n=6 for Class 1 and n=9 for Class 2 and Class 3).

GENDER GAPS IN SYNCHRONOUS ONLINE LECTURES JOURNAL OF MICROBIOLOGY AND BIOLOGY EDUCATION

April 2022 Volume 23 Issue 1 10.1128/jmbe.00281-21 4

https://journals.asm.org/journal/jmbe
https://doi.org/10.1128/jmbe.00281-21


variety from class period to class period. On average, student

codes were evenly split between “receiving” and “sharing in front
of class” (Fig. 1B; blue and yellow, respectively).

We quantified instructor behaviors that encouraged partici-

pation for each observation. As shown in Fig. 1C, instructors of

all three courses used a lot of invitations for students to unmute

and participate verbally (green), but they rarely explicitly directed

the students to use the chat feature. Only the instructors of

Class 2 and Class 3 utilized Zoom breakout rooms (red = # ses-

sions; orange = % class time spent in breakout rooms). None of

the instructors used Zoom polls frequently (blue), and we noted

that the instructors of Class 2 and Class 3 only used these in the

observations that took place early in the semester.

Student performance

We acquired final course grades for each class from the

registrar’s office to compare student performance by gen-

der. In terms of raw grades, male students significantly out-

performed their female peers in Class 1 (Fig. 2A P = 0.04 by

unequal variance t test), and this difference of about a half of

a letter grade was virtually unchanged after adjusting for

ACT score (Fig. 2B P = 0.05 by unpaired t test). In Class 2,

males also outperformed females in the course by about a

full letter grade (Fig. 2C), but the difference was only signifi-

cant for ACT-adjusted scores (Fig. 2D P = 0.007 by unpaired
t test). Finally, males and females earned equivalent grades in

Class 3 (Fig. 2E and F).

Student participation

Next, we quantified student participation from recordings of

synchronous Zoom lectures. As shown in Fig. 3, overall participa-

tion and gender comparisons varied by class. In Class 1, about

60% of the students never participated, but this was true for

both men and women (Fig. 3A). Those that did participate were

equally likely to choose chat or verbal participation regardless of

gender (Fig. 3A). Furthermore, we saw no difference in the aver-

age number of chat comments (Fig. 3B) or verbal participation

events (Fig. 3C) by gender in Class 1, although the students who

participated the most were men (Fig. 3B and C). All participation

in Class 2 was verbal for almost all men and women, and the

only two students who never participated were women

(Fig. 3D). Both chat and verbal event rates were indistinguishable

by gender (Fig. 3E and F), but chatting was very rare in this class.

Class 3 utilized both the chat feature and verbal participation

(Fig. 3G), and women may have been more likely to choose chat

over verbal participation and more likely to not participate at all,

χ2(3) = 5.12 (P=0.16). However, based on average number of

events per observation, men and women were equally likely to

chat (Fig. 3H) and participate verbally (Fig. 3I). Interestingly, the

students who participated the most in this class were women

(Fig. 3I). For comparison to other studies (17, 20), the rate

ratios (average women’s rate/average men’s rate) are 0.30,

0.70, 0.12, 0.63, 0.78, and 0.91 (Fig. 3B, C, E, F, H, and I,

respectively).

We were also able to track the participation of each stu-

dent over time, and these detailed data are shown in

Appendix 2 (Fig. S1–S3). These heat maps show the complex

landscape of class participation as a function of time. Class 1

participation is dominated by a few students, especially one

man (Fig. S1). Class 2 has much more spread-out participa-

tion among most students, although one man and one

woman still dominate the discussion (Fig. S2). Class 3 is

somewhat in the middle with many silent students (mostly

women), and a few women who were the highest participa-

tors (Fig. S3).

We noticed that in Fig. S1, only two women partici-

pated in any of the three mid-semester observations, but

many women participated later in the semester. We quanti-

fied the proportion of men and women who participated at

least once at different phases in the semester, and the data

are shown in Fig. 4. By Fisher’s exact test, women were sig-

nificantly less likely to participate than men mid-semester

(P = 0.03) but perhaps more likely to participate than men

FIG 2. Final course grades by gender. Final course grades for
Class 1 (Panels A and B), Class 2 (Panels C and D), and Class 3
(Panels E and F) were obtained from the university registrar and
were converted to a four-point scale. Panels A, C, and E show
raw grade distributions (minimum to maximum with quartiles) by
gender. Panels B, D and F show estimated marginal means after
adjusting for ACT score (mean ± standard error). Brackets show
P value after unpaired t test for each panel, with Panels A and E
requiring an unequal variances t test.
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later (P = 0.20). Our results also would have looked differ-

ent had we only looked at a specific point in the semester

for the other classes. In Class 2, women participated less

and less as the semester went on (Fig. S2), but this could

also be true for men. In Class 3, women may have been least

represented in classroom participation in the middle of the

semester (Fig. S3).

Finally, we investigated whether men’s and women’s
chat comments were equally likely to be acknowledged by
instructors and peers. Due to the limited use of the chat
feature in Classes 1 and 2 (see Fig. 3), we focused on Class
3. As shown in Fig. 5A, chats of men and women were
equally likely to be acknowledged by instructors. However,
we saw a hint that men’s chats may get acknowledged
more frequently by peers than women’s chat comments
(Fig. 5B), with a few men’s chats getting acknowledged
more frequently than anyone else’s. We saw no association
between acknowledgments and future participation rates
(data not shown).

DISCUSSION

We did an in-depth analysis of ERT in three life sciences

classrooms that had synchronous lectures. These three

courses were very different in context, composition, and

instructional style (Table 1, Fig. 1). We can compare results

from this case study of ERT to those from in-person courses

published on our population previously (17).

Student performance

With women making up about 70% of students enrolled

in male-instructed Class 3, the lack of a gender difference in

final course grades (Fig. 2E and F) aligns with what we would

predict for in-person courses in our population (see Fig. 6

in Ref. 17). However, we saw much larger gender gaps in

final course grades for Class 1 (about a half letter grade in

favor of males; Fig. 2A and B) and Class 2 (about a full letter

FIG 3. Classroom participation by gender. All instances of student
participation (typed chats or verbal) were recorded from videos of
synchronous Zoom lectures for Class 1 (Panels A–C), Class 2 (Panels D–F),
and Class 3 (Panels G–I). Panels A, D, and G: Students were classified as
participating both verbally and by chat at least once each over all
observations (“Both”), at least once verbally but never by chat (“Verbal”), at
least once by chat but never verbally (“Chat”), or never participating in any
observation (“None”). Fraction of students in each category is shown on
the y axis by gender. Panels B, E, and H: For each student, chat rate was
calculated as the average number of chat comments per observation. Panels
C, F, and I: For each student, verbal event rate was calculated as the average
number of verbal comments per observation. Rates are compared by
gender, and brackets show P value after unequal variances t test (Panels B,
C, E, and I) or unpaired t test (Panels H and F).
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grade in favor of males, Fig. 2C and D). From our previous

data set (see Fig. 6 in Ref. 17), we would have predicted

females to earn higher grades than males in a female-

instructed class with about 50% female students like Class

1, and we would have predicted no gender gap in a male-

instructed class with about 60% female students like Class

2. This suggests that ERT classrooms may exacerbate gen-

der achievement gaps. Class 1 results would align with our

previous results if it had been taught by a man, so perhaps

the benefits of female role models are reduced online with-

out in-person relationships. Our results do align with a

recent meta-analysis (25) in that Classes 1 and 2 had greater

dependence on exam scores (Table 1) and underperform-

ance of women (Fig. 2A–D). Our results differ from some

studies in traditional online learning that found women per-

form better than men (40).

Student participation

Unsurprisingly, more active classrooms (Classes 2 and

3; Fig. 1) provided opportunities for a larger proportion of

all students to be involved and participate in class (Fig. 3D,

G, Fig. S2 and S3). Our most didactic class (Class 1; Fig. 1)

had a much smaller proportion of students participating

(Fig. 3A and Fig. S1). We saw no clear association between

how active a classroom was and gender equity in participa-

tion, as women may have been more likely to stay silent

than men in Class 3 (Fig. 3G), but no clear gender pattern

was seen in Class 1 (Fig. 3A). This could possibly be

explained by the slightly larger class size in Class 3 (Table 1);

(20), but Class 3 also had more women, which has been

shown to predict more gender equity (17). Perhaps having

more female peers adds belonging in person when these

peers are consistently visible, but invisible female peers in

an online lecture may not have the same effect. The degree

to which female peers are “invisible” would depend on cam-

era use in the class and whether students were visible to

each other. Unfortunately, we could not quantify the frac-

tion of cameras that were on because Zoom recordings did

not show the full gallery view when the instructor was shar-

ing their screen (which applied most of the time).

In terms of in-class participation rates, no class showed

statistical differences between men and women (Fig. 3); how-

ever, in our previous study on this population, small participa-

tion gaps were statistically reproducible over many classes and

predicted by student gender ratios (17). If we compare our

rate ratios (women’s average rate/men’s average rate) with

those in that original study (see Fig. 4A in Ref. 17) for classes

with 50% females (Class 1), 60% females (Class 2), and 70%

females (Class 3), our verbal rate ratios of 0.7, 0.63, and 0.91,

respectively, align well with those original results. Thus, we did

not find any evidence that gender gaps in verbal participation

are any different for synchronous online lectures versus in-per-

son lectures. Interestingly, the chat rate ratios (women/men)

were much lower than our in-person verbal data from 2020

for Class 1 (0.30) and Class 2 (0.12), suggesting there could be

larger gender gaps in favor of men for typed chats. However,

using the chat feature was not the norm in these classes, and

chat events were very rare. In Class 3, where chatting was the

norm, the chat rate ratio (women/men) of 0.78 aligns well with

our previous data. Thus, we believe that the chat feature is as

equitable as verbal participation if it is commonly used accord-

ing to class norms.

If we look at the fraction of students who used the chat

and/or unmuted in Class 3 (where both methods were com-

mon; Fig. 3G), we see hints that women may choose the chat

as opposed to participating verbally. As proposed previously

(37), using a variety of different Zoom features could possibly

facilitate a more friendly and gender equitable environment.

Women have been shown to use asynchronous communica-

tion channels more than men in traditional online learning to

FIG 4. Class 1 participation representation by gender changed
during semester. The fraction of students who participated at
least once (including chats and verbal participation) was
calculated based on Zoom lecture video observations. Mid-
Semester data came from the three observations in the middle
of the semester, and Late in Semester data came from the three
observations near the end of the semester. Students had to
participate at least once in any of the three lectures to be
counted in the≥ 1x category. Men were more likely to
participate mid-semester (Fisher’s Exact Test: P = 0.03, n= 45),
but women participated more later in the semester (Fisher’s
Exact Test: P = 0.20, n= 45).

FIG 5. Average number of times students’ chats were
acknowledged by instructors or peers in Class 3. For all students
who chatted at least once during the nine observations of Class
3 (31 women and 15 men), we calculated the average number of
times their chat was acknowledged by instructors (Panel A;
includes both the primary instructor and the TAs) or peers
(Panel B). Distributions (minimum to maximum with quartiles)
are shown by gender. Brackets show P value after unpaired t test
(Panel A) or unequal variances t test (Panel B).
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create online community (43, 44), so it is possible women are

doing the same thing with the chat feature.

In our previous study (17), participation and perform-

ance gender gaps were not associated with each other.

Here, we saw a possible correlation between participation

gender equity (Fig. 3) and performance gender equity

(Fig. 2), as Class 3 had the least difference between grades

by gender and the participation rate ratio closest to 1. As

discussed above, there are other factors that we would

expect to affect grade differences by gender, but participa-

tion trends in class might also contribute.

Our study design allowed us to look systematically at dif-

ferent points in the semester and observe each class six to

nine times. Previous studies have observed classes anywhere

from two to 20 times, but most classes were observed closer

to three times each (17–20). We found that conclusions on

gender equity in participation may differ based on how many

observations you make and at what point in semester you

make them, as we would have drawn different conclusions

with fewer observations at specific points in semester (Fig. 4,

Fig. S1–S3).
Finally, we saw hints that men’s chat comments may be

acknowledged by peers more than those made by women

(Fig. 5B). This aligns with research that suggests men are likely

to overestimate academic ability of male peers and underesti-

mate ability of female peers (50). Male and female faculty can

also have biases that favor men (51). However, we have not

seen evidence of faculty explicitly favoring men’s participation
in the past (17), nor did we see instructors acknowledging

men’s or women’s chats differently here (Fig. 5A).

Limitations

First, we acknowledge that we were unable to have stu-

dents self-disclose their gender identity. Because most stu-

dents did not have their pronouns labeled on their display

name, we had to rely on stereotypical features to classify

students as male- or female-presenting. Thus, we do not

know the complexities with which students identify based

on gender. Furthermore, we obtained de-identified grades

from the registrar’s office which were categorized according

to biological sex, which we acknowledge may or may not

match the gender which students present. Our conclusions

are limited by our inability to differentiate between absent

students and attending students who remain silent. As ERT

may lead to less consistent class attendance, gender differ-

ences in attendance habits could confound our results. Our

small sample size is also a limitation. Future replication stud-

ies should help identify which of our results are generaliz-

able patterns.

Implications for instructors

Based on our results, we encourage instructors to

have more interactive and student-centered classrooms.

Utilizing a greater variety of Zoom features (e.g., breakout

rooms, polls, and the chat feature) will likely increase the

proportion of students who get to participate, and women

may be more likely to participate via chat, especially in

large classrooms. Anecdotally, we noted that longer pauses

may be necessary in a Zoom lecture compared to in-per-

son lectures, as students may take extra time to both get

up the courage to speak and to unmute themselves. We

also saw the participation trends did change over time, for

better or worse, so it is never too late in the semester for

instructors to re-evaluate their pedagogical choices and

encourage broad and diverse participation.
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