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Physics education research is replete with observations and proposed explanations for gender disparities
in physics. In this work, we operationalize a definition for equity as everyone has access to the learning
environment and everyone’s voice is heard (adapted from previous definitions). We review prior research
that observed inequities in physics lab group work and evaluate the degree to which these inequities may
arise from student preferences. Regarding access to the learning environment, we find that men and women
have similar preferences for experimentation roles, though women generally preferred sharing, rather than
dividing or rotating, roles. Regarding everyone’s voice being heard, we find that students prefer when no
single student takes charge, though many preferred that students take turns leading the group, with no
significant differences between men’s and women’s preferences. We also find no significant differences in
men’s and women'’s preferences for the gender composition of their group. We conclude that the observed
inequities are not explained by student preference and explore implications for instruction and future

research.
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I. INTRODUCTION

This paper aims to take a multipronged approach to
understanding equity in undergraduate physics lab instruc-
tion. Physics remains one of the least diverse disciplines in
science, technology, engineering, and math (STEM) with
little evidence of improvements over the last decade [1].
This stagnation in representation persists despite significant
improvements in the diversity of students attending higher
education [2] and majoring in other STEM disciplines, such
as biology and engineering [1]. Researchers have demon-
strated that historically excluded and minoritized (HEM)
students and women often receive similar course grades as
majority students [3—6]. Students, however, choose their
major based on many variables beyond their course
performance [7]. Students’ perceptions of the disciplines
and their perceptions of succeeding in the discipline seem
to be a critical factor in their choice. Indeed, HEM students
and women in physics report self-efficacy and physics
identity levels that do not match their course performance
[3,8-12].
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One variable that connects to students’ perceptions of a
discipline is the students’ sense of community and belong-
ing [13,14]. The interactions with instructors and other
students significantly influence those perceptions. For
example, how much students interact with their peers in
and out of class positively impacts their engagement,
motivation, and science identity [15-18] and their like-
lihood to persist in the discipline [17,19,20]. While a few
studies in the life sciences have found that increased
interactivity during class particularly improves HEM stu-
dents” and women’s performance [21-26], many studies in
physics have failed to see the same effects [4,27,28]. One
possible explanation for the inconsistency may relate to the
details of implementation. Each student must be actively
engaged for interactive instruction to be effective for all
students. If the interactions between peers are inequitable,
then one student may be doing all the active thinking,
while the others participate only passively. For example,
in lecture courses, researchers have found that, without
deliberate intervention, women participate considerably
little in discussions, asking and answering questions, or
presenting material [29-33]. Instead, students with high
confidence or self-efficacy may dominate the group work
and thus may be the ones benefiting from the interactivity.
Unfortunately, there has been limited, and often conflicting,
work understanding group dynamics in physics education
specifically [34].

In this work, we examine students’ experiences in physics
lab group work with a focus on gender. Instructional labs
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offer an ideal context to study group work equity because
students generally work in small groups for extended periods
of time on a shared task (in contrast to group work in lectures
or tutorials, for example, where students submit individual
work in consultation with their group mates). Furthermore,
many studies in physics education (described in more detail
below) have found inequities in how students engage in lab
group work. The goal of the paper is to answer the question:
How do gender inequities observed in lab work relate to
students’ group work preferences? By understanding the role
of student preferences, we can then inform instructional
strategies that accommodate preference, while attempting to
mitigate inequities.

II. OPERATIONALIZING GENDER EQUITY
IN LAB WORK

We focus here on interactions between lab group
members and the learning environment, working from a
definition that equity means everyone has access to all
parts of the learning environment and every voice is heard.
This definition builds from previous work that has defined
equity as “the fair distribution of opportunities to learn”
[35], “all students have equitable opportunities to learn”
[36], “each group member has affordances to participate”
[37], and “each group member feels comfortable sharing
with their group, and their voice is heard by all group
members” [38] (in this last formulation and our definition,
“voice” and “heard” are taken metaphorically). We spe-
cifically focus our definition on versions of equity related to
the activities associated with group work in labs, explicitly
avoiding discussion about equity of learning [or other,
quantitative models of equity related to student outcomes;
see, e.g., Refs. [39—41]]. With this definition, we follow
guidance from Carlone et al. [42] to consider equity
associated with the culture of the classroom rather than
with measures of student outcomes.

A. Equal access to the learning environment

In a lab class, the first component of our definition (that
everyone has access to the learning environment) relates to
students’ access to handle the equipment, analyze the data,
and document and communicate the results. Many labs
have explicit aims for students to develop these skills
technically [43]. From a participationist perspective of
learning, we would assume that actively participating in
the learning activity is important for student learning. In
labs, we assume that students will, for example, learn more
about data analysis by analyzing the data or more about
experimental design by setting up the equipment and
collecting data.

Through this participation, lab courses are opportune for
developing a community of practice [44] and students’
attitudes towards the discipline [45,46]. However, many
labs instead negatively impact students’ attitudes towards

physics [45,46] and disciplinary identities [47] for a
variety of reasons. For women in particular, participation
in lab may be problematic due to the ubiquitous group
work [48].

Observations of students in labs have consistently found
inequitable divisions of labor when students conduct
experiments [49-53]. In these studies, men and women
systematically take on different roles. Often, men handle
the equipment [49,51-53] or analyze data [50] more often
than women, while women may take on managerial or
note-taking roles [49—51]. Danielsson described these role
negotiations as students “doing gender” while they navi-
gate “doing physics” [54-56]. That is, students are simul-
taneously deciding how to proceed with the investigation
while also deciding who should complete each task. In
mixed-gender groups, gender-based stereotypes or self-
efficacy gaps favoring men can (implicitly or explicitly)
impact students’ negotiations around role divisions, leading
to inequitable task divisions [57,58]. Additional evidence
towards this negotiation of gender in student lab roles
comes from comparing the participation of students in
mixed-gender versus single-gender groups. In our previous
work [51,52], we found that men in single-gender groups
were disproportionately high equipment users and women
in mixed-gender groups were disproportionately high lap-
top users. The small number of all-women groups, how-
ever, left conclusions tentative, though it appeared their
behavior did not differ from that of men in mixed-gender
groups.

The negotiation of doing gender and doing physics
suggests that there are manifestations of students’ gender
that result in students taking on one role over another. One
possible explanation for this manifestation that we explore
here is that men and women have different preferences for
the lab roles. That is, could this negotiation just be the result
of women preferring some roles more than men (and vice
versa)? The observed participation of women in single-
gender groups suggests not, but the data are too small to be
conclusive.

B. Everyone’s voice is heard

The second component of our definition (that everyone’s
voice is heard) relates to a constructivist perspective that
externalizing thought processes to others is critical for
everyone’s learning [59,60]. Research has shown that
interacting with others improves learning beyond indivi-
dual active learning [60—64] and students who talk more in
group work learn more [65]. Having everyone’s ideas heard
also helps the rest of the group learn [60].

However, research has found multiple examples of
inequities in women’s voices being heard. For example,
men have been found to voluntarily respond to dispropor-
tionately more instructor questions in lecture [29,33] or
to speak longer during group presentations [31] than
women. One study found that women were overall more
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uncomfortable participating in whole-class discussions
than men [66]. Fortunately, strategies that remove barriers
to speaking up in class (such as employing random call or
modeling counterstereotypic group behavior) can remove
or reduce the biased participation rates [31,33] and biased
perceptions of women’s abilities [67].

In labs, particularly ones where students engage in
experimental design and critical thinking, being heard
relates to guiding the process and outcome of the inves-
tigation. The students must make various decisions about
how to conduct the investigation, which relates to their
engagement in the cognitive tasks of experimentation
[68-70]. In lab group work, therefore, students can con-
tribute to the discussion through directive bids: statements
that direct the group progress [71]. Students’ voices are
heard when they make and acknowledge each other’s bids.

However, students can interpret directive bids differently
depending on the issuer’s gender. In a case study of two
students in high school algebra taking on leadership
positions in a group [72], the female student’s directive
bids were significantly more often ignored by her male
peers and deemed inappropriate. In contrast, the male
student’s directive bids were successfully taken up, posi-
tioning him as central and helpful. Repeat experiences with
unacknowledged bids seem to diminish the students’
contributions overall, further marginalizing their voice
being heard [38,72].

In our previous work [73,74], we evaluated the bid
exchanges of eight groups of students during labs: four
groups with equitable bid exchanges and four groups with
inequitable bid exchanges. We found that most groups
(whether equitable or inequitable) had a single student
most in charge, from which we inferred that students need
not be equally in charge (or have no one in charge) for the
group to be equitable. This was in contrast to previous
work that inferred imbalanced inchargeness led to inequi-
table group work [38,75]. In all four of our equitable
groups, however, the group leaders actively used their
inchargeness to involve the other group members and
make sure their voices were heard. In contrast, leaders in
our inequitable groups did not acknowledge others’ bids
or they dominated the bid exchanges. Importantly, the
group’s gender composition did not necessarily dictate the
dynamics in these bid exchanges, contrary to existing
literature [76,77]. That is, we found both equitable and
inequitable groups made up of mixed-gender pairs,
majority women trios, and majority men trios. In the
trios, men and women were also equally likely to have
equitable or inequitable bid exchanges with other men and
women (that is, there was no pattern for higher equity
between same-gender pairs). The results did, however,
suggest a relationship between gender, inchargeness, and
equity: three of the four equitable groups had a female
student most in charge and three of the four inequitable
groups had a male student most in charge.

This relationship to gender may be a result of men and
women having different preferences for and experiences
with small group work [66]. For example, women in single-
gender groups were found to interact more and to provide
more information than women in mixed-gender groups
when solving cooperative problems in physics [78]. Their
problem-solving behaviors also differed, with women in
single-gender groups spending more time planning their
solution strategies than women in mixed-gender groups. In
all cases, women in mixed-gender groups similarly differed
in their interactions and problem solving as their male
partners. These differences in interactions have been
partially associated with men’s and women’s preferences
for interaction roles in group work [66]. In that study, a
higher proportion of women preferred a collaborative role
(as opposed to a leader, listener, or recorder), while more
men preferred a leadership role.

In the current work, therefore, we evaluate whether men
and women differ in their preferences for their group’s
leadership structures (separate from the particular role they
prefer to take on themselves). These different preferences
may lead men and women to perceive their own and others’
inchargeness in different ways, leading to the observed
inequities in students’ voices being heard.

C. Limitations

In this work, we explore issues of equity related
specifically to gender. All students self-identified their
gender on a research survey, with approximately 20%-—
30% of students identifying as women across the cohorts.
The number of students who identified as nonbinary were
too small to include in the study while protecting their
anonymity. We acknowledge the significant limitation of
the binary treatment of gender in our data [34].

The data we reference are also limited in that they come
from a population of students unfortunately too homo-
geneous in terms of race, ethnicity, and other demographic
or identity characteristics for us to explore other forms of
(in)equity. The students in the sample were primarily
Caucasian or white or Asian or Asian-American, with
proportions not representative of the institution’s student
population [79] or population of physics students [80,81].
We acknowledge this limitation particularly in light of the
much larger conversation in physics education research
about equity in a variety of forms.

Important research has explored intersections of, for
example, race, culture, gender, and physics identity
[82—88]. Critical theory (including critical gender theory
and critical race theory) acknowledges the complexity
of equity along axes that are not simply binary gender.
Furthermore, they challenge traditional structures (such as
of power and privilege) that reproduce inequities in
education [24,84,89]. While our data contribute to this
conversation, the focus on gender alone ignores impor-
tant dimensions of students’ identities that impact their
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experiences in lab group work [34]. In the course of the
analysis, we find that the associated dynamics in group
work were too complicated to concern gender alone. Future
work should evaluate the ways in which the inferences
made here may translate to group dynamics based on other
dimensions, including race, ethnicity, and other identity
characteristics.

We also acknowledge that the population from which our
data are drawn is not representative of physics majors or
students taking physics courses nationally or internation-
ally [90]. The students are highly motivated to engage in
physics and so their behaviors may not generalize to other
samples (such as nonphysics majors). The proportion of
women in the class, however, was representative of national
surveys of physics students [1,81]. Thus, any interpreta-
tions based on proportions of men and women in the
classroom may be appropriate for similarly represented
classrooms. While many of our results reflect those of
international studies [50,52,54-56,91], the culture of the
physics lab and physics community in this sample may also
not be representative of students in other countries.

Survey responses analyzed in the study were also
collected at the start of the mechanics course during the
shift to remote instruction as a response to the COVID-19
pandemic. The students’ perspectives reflect their experi-
ence before taking college-level physics, which would
primarily include in-person experiences during high school.
Thus, we do not expect the shift to remote instruction to have
significantly impacted their perspectives, though this should
not be ignored when interpreting the results.

Finally, the interviews included only a subset of the
students and so may not be representative of the class as a
whole. The demographics of the interview sample were
representative of the class as a whole, but this meant that the
voices of women were less represented in the data (based
on the representation of women in the class).

III. METHODS

A. Research context

Data were collected from undergraduate students at
Cornell University enrolled in the honors-level mechanics
course of a calculus-based physics sequence between
2019 and 2020. Approximately 70% of the students were
physics majors, with the remainder either undeclared or
majoring in another science or engineering field.
Approximately 30% of the students self-identified as
women and 70% as men. Our data come from two sources:
interviews and surveys. The interviews were conducted
midway through the Fall 2019 semester (typical in-person
instruction). The surveys were distributed to students at the
start of the course in Fall 2020 (during emergency remote
teaching due to the COVID-19 pandemic).

The labs for this course were designed to emphasize the
process of experimentation in physics (see, for example,

Refs. [46,70,92,93]). Students were expected to attend labs
approximately weekly (with some weeks off due to
holidays or exams) and each lab session was two hours
long. Each experiment spanned two or three lab sessions.
As discussed elsewhere, students were increasingly respon-
sible for designing their investigations, with a fully open-
ended project lab at the end of the semester [94]. Students
worked collaboratively in groups of two or three students to
design and implement their experiments and submitted one
electronic notebook as a group to be graded.

Another aspect of the research context is our position-
ality as authors. Authors on this paper identify as cis-
women and nonbinary, identify as physicists, and our racial
identities include white and Asian. At the time of perform-
ing this research, our professional appointments included
undergraduate students, a graduate student, a postdoc, a
pre-tenure faculty member, and a full professor. While the
data represented here are from a U.S. institution, our
citizenship is more varied, including the U.S., Canada,
and Turkey.

B. Interviews

We conducted individual, semistructured interviews
about students’ experiences in the lab course. Students
were recruited through an in-class announcement and
submitted their availability for an interview. A subset of
the interested participants were contacted for interviews
based on their availability and to obtain a diverse group of
students with diverse perspectives. We considered students’
gender, major, and lab section in selecting a diverse group
of participants. Of 89 students in the class, 24 students
volunteered for interviews, of which we scheduled 14 (six
women and eight men, self-identified). Three of the
scheduled women did not show up to the interview, so
our final sample consists of 11 students (three women and
eight men). The gender composition of the sample is
representative of the class as a whole (30% women).

We developed the semistructured interview protocol
focusing on three broad themes: students’ perception of
labs as an authentic research experience, understanding
students’ experiences working in groups, and probing the
lab’s influence on students’ perceptions of physics. We
conducted pilot interviews with six students (five upper-
division undergraduate physics majors and one graduate
physics student) and made only minor modifications to the
interview protocol following the pilots. Two researchers
conducted all interviews separately. The interviews were
audio recorded and the researcher took notes during the
interview to supplement the audio. Each interview took
approximately one hour. At the end of the session, students
were compensated for their time with a $15 Amazon
gift card.

Three researchers generated transcripts of the interviews
and coded them for several overarching themes. Here
we focus only on the statements related to group work.
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Two different researchers then evaluated the statements
identified as group work and further coded them according
to whether they related to statements about leadership and
about roles in the lab.

Statements about roles were divided into two categories:
Experience with (or preference for) consistent roles and
experience with (or preference for) rotating roles.
Statements categorized for consistent roles indicated the
student experienced or preferred each group member take
on a single role at a time. For example, “I've done the
experimentation at times if someone wants to do lab notes.”
In some cases, these statements included concessions to
take on undesirable roles out of compromise. Statements
categorized for rotating roles indicated that the student had
no preference for or experience with a particular role and
saw the benefit of having a well-rounded experience, such
as by rotating or switching roles. For example, “We’ve been
dividing the work so that in some sessions, I've been
actually doing the experiment. I've been collecting and
analyzing data. I’ve been explaining the lab notes. I got a
taste of all three roles, without the pressure of having to do
all of them in a single period.”

Researchers divided statements coded for leadership into
two categories as well: experience with (or preference for)
hierarchy and experience with (or preference for) no
hierarchy. Statements categorized for hierarchy indicated
the student saw value in having a leader in the group,
preferred that someone take on a leadership position, or
indicated a norm for having a leader in the group. For
example, “I think it could be helpful if it wasn’t the same
person in charge every time, like if everyone got the
experience what it is like to be in charge that would be
helpful.” In these statements, students typically acknowl-
edged the benefit of having a leader and the positive
impacts of a leader on the group dynamic. We did not
include statements regarding hierarchies or power dynam-
ics between students and the teaching assistant because
they did not relate to the leadership structure within the
group. Statements categorized for no hierarchy referred to
an explicit mention of a preference for or experience with
no leadership in the group or everyone being equal. These
statements typically indicated that the student valued equal
contributions from all group members and open collabo-
ration. For example, “What I like about [my lab partners]—
everybody has equal work, everyone is willing to try each
other’s ideas, nobody’s taking charge.”

C. Surveys

Inspired by the interviews, we developed a survey to
broadly probe students’ perceptions of group work at the
start of the semester. Students’ responses were used to
intentionally form lab groups, so all students were required
to take the survey as part of their course, though students
were given the option to exclude their responses from the
research. In total, 89 students consented to complete the

survey (100% of students enrolled that semester), 26 who
identified as women, 60 who identified as men, and three
who identified as nonbinary or did not identify their
gender.

We analyzed two survey items about students’ prefer-
ences for lab roles. The first question asked “Which of the
following experiment tasks do you prefer taking on?”

(a) Setting up the apparatus and collecting data.

(b) Writing up the lab procedures and conclusions.

(c) Analyzing data and making graphs.

(d) Managing the group progress.

(e) No preference or none of the above.

The answer choices were chosen to align with lab roles
identified in previous work [50,51] and respondents could
select multiple options. The second question asked “Which
of the following approaches to group tasks do you prefer?”
(a) One where each person has a different task.

(b) One where everyone works on each task together.
(c) One where everyone takes turns with each task.

(d) No preference.

(e) Something else.

The answer choices were based on the student interviews.
For this question, respondents could only select one
answer, with the option to write in their own answer for
(e) if they did not agree with any of the choices provided.

We also analyzed two survey items related to everyone’s
voices being heard. The first item, about students’ leader-
ship preferences within a group, asked “Which of the
following approaches to leadership do you prefer?”

(a) One where one student regularly takes on the leader-
ship role.

(b) One where no one takes on the leadership role.

(c) One where the leadership role rotates between
students.

(d) No preference.

(e) Something else.

Respondents could only select one response, with the

option to write in their own answer to (e) if they did not

agree with any of the choices provided. The second item

asked “What gender breakdown of group do you prefer to

work in?”

(a) Majority female identifying.

(b) Majority male identifying.

(c) No preference.

(d) Other.

Respondents could only select one response, with the

option to write in their own answer to (d). Four students

wrote in an answer that indicated preference for an equal or

diverse balance of female- and male-identifying students.

For each survey question, we calculated the proportion
of men and women who selected each option.

IV. RESULTS

We present the results of the interviews and surveys split
by the two forms of equity.
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of men and women preferred handling equipment, while 10% more women than men preferred taking lab notes or managing the group,
while 15% more men than women preferred analyzing data. Most students (though a much larger fraction of women) preferred working

together in each task.

A. Equal access to the learning environment
1. Interview data

In the interviews, all students described that students
typically take on individual, consistent roles in the lab
(Table 1), either taking notes, collecting data and handling
equipment, or analyzing data. Eight of the 11 students also
identified benefits of rotating these roles either within or
between lab sessions. For example,

“The issue with the idea of assigning specific roles...[is
that it] may be less beneficial for the whole group. Because
if one person is doing lab notes for the whole time then they
are not engaged with the lab... A lot of people are fine with
switching up to a tedious role from an active role if they
[had done] the active role the previous week.”

In contrast, some students identified issues with switch-
ing roles:

TABLE I. Number of statements coded for the two categories
related to group work roles. All genders were self-reported by the
students.

Number of statements

Student Gender Consistent roles

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11

Rotating roles

m;-bl\)\ll\)»—-box—‘w

T TEEEZEEER

WWOOO R~~~ kW

“For example if we keep switching the role there will be
more mistakes discovered in the lab report and—well—
different people will not develop in the way that will
include different people’s ideas.”

Other students indicated that some roles (such as writing
notes) should be divided while others (such as collecting
data) should be shared.

Students were quite vague, however, in describing how
roles were assigned. Most comments indicated informal
assignments, consistent with previous observations [51]:

“I don’t feel like we explicitly talk about it—it just comes
about. Someone just starts building the experiment,
someone just happens to have Excel open. Sometimes
people volunteer so you let them do it. Otherwise it
arises naturally.”

A couple of interviewees indicated students stepping in to
fill empty roles, two students mentioned roles being
assigned based on student ability, and one described play
“nose goes” for who had to take on lab notes (an
undesirable role in their eyes).

From the interviews, we get a sense of collegiality
among the students and a fairness in access to the learning
environment. There were no clear patterns in preferences
based on gender, though only three of the interviewees
were women. We turn to the role preferences survey to
explore these preferences with a larger sample size.

2. Survey data

Figure 1(a) shows the proportion of men and women
who indicated a preference for each lab role. The propor-
tion of men and women preferring to set up the apparatus
and collect data are similar. A slightly larger proportion of
woman than men indicated a preference for writing the lab
notes and managing the group, while a slightly larger
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proportion of men than women indicated a preference for
analyzing data.

This observation is an interesting contrast to previous
work observing students in labs, described above [51]. In
that work, we saw that women in mixed-gender groups
spent less time on the apparatus than women in single-
gender groups or men. Women spent as much (or more)
time on the equipment than men (in any type of group) and
similar amounts of time with the other activities when
working only with other women. At face-value, these
observations are unsurprising. In any group, students must
negotiate roles and divide tasks between themselves and
over time. In any lab activity, someone must handle the
equipment, analyze the data, and so on. In all-women
groups, that someone must be a woman. However, the
mixed-gender groups indicate that some roles are nego-
tiated with gender in mind [54,55]. Our survey data,
however, add nuance to this interpretation. Women have
similar preference for interacting with the equipment as
men. More women, however, preferred taking notes, and so
may have been more willing to step in to fill this role.

The implications of these inequities can be further
inferred by students’ preferences for dividing or sharing
roles. Figure 1(b) shows the proportion of men and women
who indicated a preference for each role sharing option.
Here we see larger differences between the two genders.
Women were much more likely to express a preference for
working together with their group members on all tasks,
while men were more evenly split among all of the options
available. Of the students who chose to write in their own
answers (Other), all suggested some combination of rotat-
ing tasks, working together on each task, and taking turns
with tasks. This result is in stark contrast to the interview
data, where the students generally indicated that roles
would be divided or rotated—no interviewees indicated
preference for (or experience with) working together on a
role. The survey data suggest women may be particularly
negatively impacted in mixed-gender groups based on their
preference to work together on tasks.

B. Every voice is heard
1. Interview data

The interviewees generally preferred no hierarchy among
the group members (i.e., no designated leader) with no
patterns between gender (Table II). The only students who
had zero statements related to no hierarchy had zero state-
ments coded as leadership overall. Overwhelmingly, the
statements related to no hierarchy referred to students not
wanting anyone to be taking over or “bossing people
around.” For example, one student explicitly mentioned that
he disagreed with the lab manual’s instructions to assign a
leader to direct the group:

“Idon’t know. I'm pretty happy with my lab partners so
far. What I like about them? Everybody has equal work,

TABLE II. Number of statements by each interviewee coded
for the two categories related to leadership in group work. All
genders were self-reported by the students.

Number of statements

Student Gender Hierarchy No hierarchy
S1 M 0 2
S2 M 1 8
S3 M 5 3
S4 M 0 2
S5 M 1 3
S6 M 0 0
S7 M 0 1
S8 M 0 0
S9 F 2 1
S10 F 0 0
S11 F 1 5

everyone is willing to try each other’s ideas. Nobody’s
taking charge. Although in the lab book, it says that one
person should take charge but I don’t really like that.”

One student indicated that leaders were not necessary if
everyone got along. Several students explicitly alluded to
the notion of communication and how equality helps
having every voice heard. For example,

“I think working in a group is very helpful, you can
bounce your ideas off of each other. If one person
doesn’t know a thing then another person can contrib-
ute. In my lab experience, everybody has been partici-
pating equally. There hasn’t been an imbalance.”

Some students, however, also acknowledged the possible
value of having group leaders. For example, one student
described that the need for leaders depended on whether
everyone was contributing ideas:

“I guess in this lab, there is not a hierarchy I would say.
Maybe the person who comes up with the idea might be
leading the group but if everybody agrees on it and
everyone has an idea of what to do, then there is no
leader. But if one person comes up with an idea and the
other people don’t have an idea, then yeah there is a
hierarchy there.”

All of the students that mentioned a preference for
hierarchy also indicated preference for no hierarchy,
reinforcing the notion that there may be a time and place
for one or the other. Once again, there was no clear pattern
in preferences based on gender.

2. Survey data

Figure 2 shows the proportion of men and women who
indicated a preference for each group leadership option.
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FIG. 2. The fraction of men and women with each leadership
preference. Most students preferred taking turns as leader with
only small differences between men and women’s preferences.

Consistent with the interviews, very few students indicated
a preference for a single leader in the group. Inconsistent
with the interviews, most students preferred students take
turns as the leader. A slightly higher proportion of women
than men expressed a preference that group members take
turns acting as group leader, while a slightly higher
proportion of men than women indicated no preference.
The latter may reflect that men are somewhat less con-
cerned that a leader may negatively impact their lab
experience. Only women chose the option to write in their
own response. Two of them expressed the opinion with
qualification that they prefer sharing the leadership posi-
tions, while the other favored a single leader so long as that
person listened well to others.

We also found that men and women overwhelmingly had
no preference for their group’s gender composition (78%
and 73%, respectively). A slightly higher proportion of
women than men indicated a preference for a majority
female-identifying group (19% and 2%, respectively) and a
slightly higher proportion of men than women indicated a
preference for a majority male-identifying group (13% and
8%, respectively). The implications of these proportions are
discussed below.

V. DISCUSSION

In this paper, we defined lab group equity as everyone
having access to the learning environment and everyone’s
voice being heard. The overarching conclusion from this
work is that gender (in)equities in physics lab work are not
simply due to student preference.

A. Summary of equity as access to the
learning environment

We examined access to the learning environment through
the experimentation roles that students prefer, as well as

how those roles are divided or shared. In previous work, we
and other researchers found that access to lab roles differs
for men and women [49,51,53-56] and for students in
single- and mixed-gender groups [51,52]. We infer that
students in mixed-gender groups must navigate gender
dynamics while also navigating the experiment—so-called
“doing gender” while “doing physics” as described by
Danielsson and colleagues [54,55]. In single-gender
groups, women need only navigate the experiment—they
can freely “do physics.”

The interview and survey data support this interpretation.
Women were equally interested in working with the
experimental apparatus as men, suggesting that the
inequities previously observed are not due to student
preference. Instead, the interviews illuminated that students
implicitly negotiated or fell into roles—negotiations that
could be prone to implicit biases, such as perceptions that
women excel in managerial or passive roles [49,57,91,95],
are less associated with science than men [96-98], or are
less competent in scientific roles than men [99]. Thus,
biases, stereotypes, or microaggressions may lead to the
gender dynamics in task negotiation when there is no
explicit discussion of students’ roles. Rarely, interviewees
indicated roles being assigned based on student ability.
Whether or not men and women differ in their equipment-
handling, note-taking, or data-analyzing abilities, research
suggests students’ perceptions of these abilities may be
biased [6,67]. Women’s slight preference for taking notes
may also explain why, in mixed-gender groups, women
were found to spend more time on the laptop than men
(students had to submit electronic lab notes for the group to
be graded). One interviewee described playing nose goes
when deciding who would take the lab notes—an undesir-
able role in his view. We might expect women to be less
concerned about stepping in to take on this task than men in
such a negotiation because fewer women than men found
this role undesirable.

Men and women, however, differed in their preferences
for how roles are shared or divided. Both men and women
had a general preference for working together and sharing
roles rather than dividing tasks, despite clear signs that
students divide tasks according to the interviews and
previous work [51]. Women’s preference for working
together was overwhelming, however. Given the inequities
observed in student roles in mixed-gender groups, this
strong preference for sharing roles may be a result of
women’s prior experiences not having access to vari-
ous roles.

Throughout our analysis and interpretations, we implic-
itly infer that imbalanced access to the learning environ-
ment (through experimentation roles) is undesirable.
Through our participationist lens, and because hands-on
experience can be important for physics students’ future
career aspirations [100], a systematic lack of experience
with the various aspects of experimentation is likely to
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disadvantage the student. This applies to both men and
women. With men spending more time with the equipment
or data analysis, they are missing out on opportunities to
develop scientific communication skills through writing the
lab notes. With women spending less time with the
equipment or data analysis, they are missing out on
opportunities to develop important hands-on and analytic
skills. This study importantly demonstrates that men and
women are missing out on these opportunities despite
similar preferences for engaging in the tasks. Students may
then be systematically dissuaded from participating in these
activities in the future, further widening the divide. Future
work should evaluate whether students’ preferences for
these roles change over time as a result of continued limited
access.

B. Summary of everyone’s voice being heard

We examined being heard as the second component of
equity through the preferences for leadership structures in
student groups. In previous work, we found evidence of
gender dynamics in the relationship between inchargeness
and this form of group equity [73,74]. Namely, mixed-
gender groups were most often equitable when a woman
was most in charge. This observation is in direct contrast to
the interviewed students’ overwhelming preference for no
one to take charge and all students to be equal, which in
turn conflicts with the surveyed students’ overwhelming
preference for a single but rotating leader.

While these observations seem to be in conflict, the
different perspectives can help to paint a coherent story. For
example, in the interviews, the students typically inter-
preted the notion of a person in charge as being a “boss” or
“taking over.” Thus, students may have been referring to the
kind of inchargeness that would lead to inequitable group
interactions, such as that seen in Refs. [38,73-75]. In
addition, many of the interviewees also acknowledged the
potential benefits of having a leader in the group, particu-
larly depending on the overall group dynamics or compo-
sition. This vacillating may help explain the survey results,
where the most students (over 40%) preferred group
members taking turns as leader. This choice relates to
the interviewees’ desires for everyone to be treated equally,
while also relating to our previous observations of the
potential benefits of a group leader in the equitable groups
[73]. The second most popular preference, however, was to
have no leader, which is consistent with the interviews and
prior work.

Gender, surprisingly, did not emerge as a clear factor in
the data. Research on leadership structures suggests that
other aspects of the group or individuals (such as group
extraversion [58], women’s responses to stereotype or
identity threat [57], or students’ overall social friend
network [101]) may mediate any observed gender dynam-
ics with inchargeness. Alternatively, additional identity
characteristics outside of gender may be at play.

Gender was also not a significant factor in the survey
item probing students’ preferred group gender composi-
tion. Previous work suggests that women should be equally
or overrepresented in a group for the group to be equitable
in terms of having voices heard [76,77]. The survey item
asking about students’ preferred group gender composition,
however, showed most women did not prefer to be in
majority female-identifying groups and generally had no
preference for the gender composition. Interventions to
form groups based on gender identity, therefore, may be
overly heavy-handed and not reflective of students’ actual
preferences. Once again, research should evaluate whether
these preferences change as students build up experiences
in groups with different gender compositions.

C. Implications for research and teaching

This work sought to evaluate the ways in which student
preference may relate to the inequities observed in student
lab work. In doing so, we identified several ways in which
students’ perspectives were in conflict with previous
observations. For example, students were generally very
positive about their group work experiences, despite
common observations of group inequity during lab work.
While students could identify the behaviors of problematic
individuals (nonideal lab partners), they did not generalize
that experience to larger trends about their peers. As
another example, students indicated preferences for no
leader (in the interviews) or rotating leaders (in the survey),
despite observations that a single leader can support group
equity. From these conflicts, we highlight that researchers
must ask: whose experience is centered by your data source
and what interpretation can we reasonably draw from the
experience that is centered?

As researchers, we see many students’ experiences at
once and thus see patterns and trends. Students see only
their own experiences, but they feel and experience them
directly. One implication could be that researchers’
observed trends are irrelevant unless students perceive
the trends themselves. Alternatively, students may simply
need to accumulate their own data through a larger set of
experiences to observe the trend that researchers see (recall
that the data were all collected from a first year, first
semester physics course). As such, researchers may be
predicting the future and, by acting on the observations of
the researcher, we can intervene before the students have
accumulated too many negative experiences. Additional
observations and data on students’ perspectives on group
work over longer periods of time would help illuminate
these possible hypotheses.

Alternatively, the disagreements between the survey data
and other perspectives (interviews and previous work) may
be due to when the data were collected. The survey data
were collected at the start of a remote semester during the
COVID-19 pandemic. We are skeptical that this context
impacted the results significantly for two reasons. First, the
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survey data were collected at the start of students’ first
college-level physics course, so their perspectives were
built from their experiences in high school, which took
place mostly before the pandemic. Second, aspects of the
survey results agree with other forms of evidence collected
in person, suggesting the survey data are not entirely
systematically different. Future work should evaluate this
explicitly, however.

Lastly, we acknowledge that conflicts between the
interview data and other perspectives may be due to the
small sample size, particularly the few women represented
in those data. While the demographics of the interviewees
were representative of the class as a whole, we should
be hesitant in generalizing to the population from this
limited sample. Instead, we can focus the interpretations
of the interviews as examples of the range of student
thinking, rather than on proportional representation (i.e.,
case-oriented rather than recurrence-oriented interpreta-
tions [102]).

With regards to instruction, we see overwhelmingly that
inequities observed in student access to the learning
environment and being heard are not systematically due
to student preferences. Likely, the inequities are instead due
to structural aspects of the learning environment. Thus,
instructors must institute policies and practices to push
against gender norms and stereotypes. Our work here,
however, also indicates that attending to student percep-
tions may help students take up instructional strategies
intended to support equity. For example, one of the
interviewees explicitly called out a disagreement with a
statement about group dynamics in the lab manual. The lab
manual encouraged students to rotate between three roles
(adapted from those in the cooperative learning literature
[103,104]): principal investigator, communicator, and
reviewer No. 2. The principal investigator was described
as “Manages the group by ensuring everybody is on task,
keeping the investigation on track to answer the research
question, and creating room for everybody in the con-
versation.” Despite the intentional alignment between our
definition of equity through everyone being heard, stu-
dents’ perceptions of “one person managing the group” was
a person who would “take charge” or “boss everyone
around”—clearly an undesirable and inequitable hierarchy.
Given the possible benefits of leaders in the group, we posit
that alternative framings of the leadership role (such
as a person who makes sure everyone’s ideas are heard)
may better align with students’ preferences. In addition,
instructors could explicitly address the issues with power

dynamics in group work (given that students were generally
in consensus regarding the potential negatives of leader-
ship) and emphasize that each group member (not just the
leader) is responsible for ensuring that all students’ voices
are heard and everyone has access to the learning
environment.

Finally, instruction should respond to the observation
that students do not always perceive group work experi-
ences as negatively as the research trends may suggest.
As such, heavy-handed interventions (such as to assign
roles or form groups based on identity characteristics)
might be unnecessary or overly prescriptive. For example, a
common recommendation is to not isolate minority stu-
dents such that the groups are either gender balanced,
majority women, or all men [76,77]. Our data indicate,
however, that students do not have strong preferences for
the gender breakdown of their group, suggesting that
intentional group forming may not support their prefer-
ences. Instead, instructors could consider asking students in
an anonymous presurvey what group gender composition
they would prefer and setting up the groups accordingly.

Other recommendations in the literature are to have each
student rotate through the various group roles [103]. Our
data suggest students, particularly women, may prefer
working on roles together and that some students may
prefer taking on roles for which they are comfortable
or confident. Based on the evidence, one-size-fits-all
instructional approaches are unlikely to be better for all
students.

Regardless, the work here and elsewhere indicates that
structural change is necessary to promote equity in group
work [25,77,105-109]. Future work should systematically
test structural interventions, such as varied group structures
and role assignments or forming groups based on student
preference, to evaluate their impacts on both aspects of
group equity, as well as students’ perceptions of equity, to
understand the possible tensions and solutions.
Additionally, as we consider the expansion of this work
to classes beyond ones populated primarily by physics
majors and ones at primarily white institutions, we expect
to see additional effects of race, major, and course culture.
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