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[This paper is part of the Focused Collection on Instructional labs: Improving traditions and new
directions.] This review article provides an overview of research on the topic of gender equity in
educational physics labs. As many institutions and instructors seek to evolve or transform physics lab
learning, it is important that changes are made that improve equity for all students along multiple axes of
identity, including gender. The studies highlighted in this review article describe the existence of complex
gender-based differences, e.g., in opportunities to tinker with lab equipment, as well as differences in
grades, conceptual understanding, and motivational outcomes across a broad range of lab curricula and
contexts. The studies also illustrate and explore social interactions and structures that can impact students’
experiences based on their gender identities. Although there has been less scholarship focused on proposals
to reduce gender-based inequities in labs, this review article also provides an overview of some relevant
proposals as well as associated research results. This overview of research on gender equity in physics labs
helps to make clear that future scholarship on equity in physics labs should adopt gender frameworks that
allow researchers to transcend binary gender identities and student deficit framing of research results.
Likewise, a case is made that future research is needed on equity along other axes of identity, as well as
research that accounts for the intersectionality of different identities, in the physics lab context.
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I. INTRODUCTION

This paper provides a review of research on gender
equity in educational physics labs. Lab work has long been
a key component of physics learning in Western-style
education systems [1]. However, despite decades of access,
there continue to be challenges facing people who do not
have a masculine identity when they enroll in physics lab
courses. Our goal is to present two aspects of this story:
first, to summarize research focused on identifying gender-
based differences in physics labs, and second, to provide an
overview of scholarship that addresses proposals to reduce
gender inequities in physics labs.
Since this review summarizes prior research on gender

equity in the physics lab context, we would like to start by
explaining what we mean by equity in physics learning.
Our conceptualization of equity in physics learning
includes three pillars: equitable access and opportunity
to learn physics, an equitable and inclusive learning

environment, and equitable outcomes ([2]). Thus, by equity
in physics learning in the lab context, we mean that all
students should have equitable opportunities to learn and
equitable access to resources. The learning environment
needs to have appropriate support so that all students can
engage in all aspects of learning and developing skills
(including specific lab-related skills) in a meaningful and
enjoyable manner. Likewise, the learning outcomes should
be equitable. By equitable outcomes, we mean that students
from all demographic groups (e.g., regardless of their
gender identity or other identities) who have the prereq-
uisites to enroll in physics courses have comparable
learning outcomes including the opportunity to develop
lab-related skills. The learning outcomes, in this sense,
could refer to grades, results from concept inventories, etc.,
as well as motivational outcomes such as self-efficacy and
skill development. This conceptualization of equitable
outcomes is consistent with Rodriguez et al.’s equity of
parity model (i.e., students from all demographic groups
have similar end-of-term outcomes) and is different from
the equal gains in outcomes model (i.e., all students
improve by the same amount so those who started ahead
at the beginning of a course remain ahead at the end) [3].
Ensuring equitable outcomes based upon the equity of

parity model requires an equitable and inclusive learning
environment and an intentional focus on ensuring that
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students from all demographic groups are provided oppor-
tunities to engage in and learn from all aspects of the lab. We
rely on Cochran’s description of inclusion as being “con-
cerned with what being included in that organization or
environment means” [4], rather than the simple issue of
whether all students are allowed to participate. Inclusiveness
of the learning environment is essential for it to be equitable
but unless outcomes are equitable, the learning environment
is not equitable. Equity of parity in outcomes typically
requires modifications to instruction so that all students
are given opportunities to engage in all aspects of physics
labs in an equitable and inclusive learning environment. This
type of environment can elevate the outcomes of groups (and
ensure the growth of all individuals in the group) regardless
of whether they initially have had less relevant opportunities
and had, e.g., lower levels of prior preparation or self-
efficacy. When we refer to past studies that compare the
outcomes for women and men, we are employing an equity
of parity framework todeem the outcomes equitable.Wenote
that in several of the studies,we describe outcomes by simply
making comparisons between students from two gender
groups. This is not aligned with our framework of equity,
which requires analysis of issues of access and the learning
environment, in addition to comparing performance on some
metric of different demographic groups, e.g., women and
men. Scholarship that consists of gender comparisons with-
out an analysis of the learning environment and social
dynamics is inadequate and counterproductive [5].
We focus in this paper on physics labs in a broad sense.

This includes different educational levels, such as high
school, college, “beyond the first year” of physics studies at
university, and research labs that include an educational
element (such as labs that train graduate students). We
include studies with different lab configurations: separate
or stand-alone lab courses, as well as integrated “studio
physics”-style courses. The studies we cite below focus on
a wide range of different curricula, including skills-based
labs, conceptual inquiry-based labs, project-based labs,
computational labs, and more [6]. Physics lab learning is
an essential component of physics education that includes
instruction related to the epistemology and skills associated
with experimental physics. Compared with lecture-based
learning, lab work offers students a different way of devel-
oping a senseof oneself as a physicist and so can be important
for students’ physics identity development.
Regardless of the configuration or curricula, physics labs

tend to be spaces in which students are expected to work
collaboratively with their peers. As a consequence, physics
labs are a place in which the culture of physics is learned,
practiced, and deployed. By the culture of physics, we are
referring to the constellation of stereotypes and ideas about
what counts as physics and who counts as a physicist. This
includes stereotype threat [7,8], brilliance attributions [9],
and media portrayals of physicists [10]. Physics differs
from other disciplines because of the depth to which it is

committed to masculinity [11,12], especially in lab settings
where collaboration and norms make gender-based biases
and stereotypes especially prevalent and impactful [13].
Gender-based inequities are a significant issue in physics
lab education, as they undermine our shared conviction that
people from all demographic groups should have the
opportunity to develop skills (including those specific to
labs that have the potential to increase their self-efficacy
related to science in general and experimental science in
particular) as well as learn physics concepts in an equitable
and inclusive learning environment. Lack of equity and
inclusion in physics lab learning environments can deprive
students, e.g., those from traditionally marginalized groups
such as women, of the opportunities to develop those skills
that could also have negative consequences on their
academic outcomes as well as future career path. Thus,
scholarship about the origins of gender-based inequities in
physics labs, and especially scholarship focused on pro-
posals to reduce and eliminate inequities, is necessary.
Our approach to gender and gender-focused research

acknowledges gender as a fluid, nonbinary, complex aspect
of identity [14]. In the context of physics learning,
Danielsson et al. posited gender as a practice [15]: gender
is somethingwe do [16], in a context-dependent way, as well
as a framing through which we interact with people and
social systems around us.Within this perspective, we further
acknowledge the prevalence of two particular genders (man
and woman) and their associated structuring practices [17]
(i.e., masculinity and femininity). Masculinity, then, is the
pattern ofways thatmen seek to behave asmen and the social
norms and ideas that emerge from that. Other gender
identities exist, but these two are common enough to have
motivated substantial scholarship. These two genders have
been employed in a binary form by many scholars of past
research. In this paper, we choose to respect the authorial
decisions of the scholars we cite by using their terminology
while describing their work. We hope that the reader can
make it through the resulting mish-mash, e.g., of gender and
sex being used interchangeably even though “female” and
“male” describe the sex of an individual rather than socially
constructed gender and use of gender binary even though
gender is a fluid nonbinary construct. We also use the phrase
gender gap, which is employed by researchers to describe
differences between the physics lab outcomes of women and
men. We note that in all of the scholarship described below,
men outperformedwomen according to the relevant outcome
in any case of a gender-based difference in that outcome.
Prior research suggests that a major underlying cause of

most gender differences observed in physics labs is the
masculine culture of physics [18,19]. The masculine
culture serves as the foundation for relationships between
peers in physics settings, sets the tone for instructor-student
interactions, and shapes norms and policies. The fact that
masculinity dominates physics culture is true for all of the
national contexts described in the studies we review,
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although the mechanisms for this domination may vary
somewhat. Likewise, theways that physics culture shows up
vary for different types of institutions, and so it is important
not to overgeneralize the results from one study [20]. Within
our framework, however, we reject claims about gender
differences in physics labs that are rooted in biological
differences and do not focus on how the interplay of social
dynamics and gender affects student outcomes.
This review focuses on only one dimension of identity,

i.e., gender, rather than treating equity along other student
identities in a multidimensional space as well as intersec-
tionality. This is necessitated by the shortage of scholarship
focused on equity in physics labs along other dimensions
such as race, ethnicity, disability, class, and sexuality. We
return to address this important research scarcity in Sec. V.

II. METHODS

Inwriting this review article,wehave tried to cast aswide a
net as possible in seeking out relevant scholarship on the
issue of gender equity in physics labs. We have searched
through Physical Review: Physics Education Research, The
Physics Teacher, the American Journal of Physics, the
European Journal of Physics, Physics Education, and the
proceedings of the Physics Education Research Conference
(PERC), as well as via Google Scholar and with the NCSU
library search engine, for combinations of the terms “gender”
or “women” alongside “physics lab” or “physics experi-
ment.” The NCSU library search engine, QuickSearch, is a
customized tool that parses through articles, books, journals,
and other resources [21]. We included publications available
up to March 2023. All publications that were deemed to fit
the intent of this review were included and are cited in the
references of this manuscript.
There are six different types of outcome measures used

by the studies we review: (i) lab-specific skills and
experiences using instruments like ECLASS, (ii) indicators
of conceptual understanding such as grades and concept
inventory scores, (iii) academic measures such as passing
rates and degree persistence, (iv) motivational factors such
as self-efficacy and agency, assessed via validated surveys,
(v) measures of task division and peer interactions, and
(vi) qualitative outcomes such as students describing their
experiences in lab courses. There is the potential of
unexamined gender bias in these measures [22], which
have not been evaluated for bias in the same way as some
more commonly used instruments [23].
Our intention is to provide an overview of research that

has addressed the issue of gender in physics labs up to this
point, not to write a meta-analysis. However, in order to
provide some structure to this paper, we have tried to draw
together some overarching themes from the reviewed
scholarship in Sec. V of this paper. We cannot claim that
the references here are a complete representation of
research relating to gender in physics labs, but we believe

they provide as comprehensive and thorough overview as
possible.
We acknowledge that our positionality played a role in

the process of searching out, reading, and analyzing the
papers described below [24]. Danny is a white man who
teaches physics, a discipline that pays him unearned
“wages” [25] because of his identity. His 2021 Ph.D.
thesis (with Chandralekha) focused on gender equity in
labs and his involvement in physics education organiza-
tions led to conversations with other scholars interested in
gender equity in physics labs, many of whose work is
included in this review paper. Chandralekha is an Asian
woman who has worked with Danny to make physics lab
learning environments equitable and inclusive.
We feel that it is important to distinguish between

scholarship that is primarily focused on identifying and
elucidating gender differences in physics labs on one hand,
and evaluation of proposals intended to remedy gender
inequities on the other hand. For that reason, the remainder
of the paper is divided into three sections. In Sec. III, we
review papers that are primarily concerned with the
uncovering of the existence and causes of gender
differences in physics labs. In Sec. IV, we review papers
that present and evaluate proposals to reduce the effect of
inequities in physics labs. In Sec. V, we attempt to pull
together some overarching themes from the papers and
present our vision of avenues for future research.

III. MANIFESTATIONS AND CAUSES

Before reviewing the range of studies of gender in
physics labs, it may be useful to look at three “early”
studies from the early 2000s. These studies are informative
because they illustrate the scope, as well as some of the
shortcomings, of research that has thus far been conducted
on gender in physics labs.
As part of a Ph.D. dissertation completed in 1997, Kostas

analyzed a variety of lab manuals from secondary school
physics and other disciplines. Hypothesizing that different
types of experimental work might provide different benefits
for girls than for boys, Kostas found that the lab manuals in
fact provided a balanced combination of different types of
experimental work [26]. This null result highlights the
challenge of determining causal factors in the physics lab
that can be identified as primary causes for gender
differences. This result also illustrates the importance of
starting with a reliable gender framework while designing
research projects, rather than relying on assumptions rooted
in biological essentialism. As argued in papers referenced
later, it is instead likely that gender differences in outcomes
arise in a complex way from an entanglement of social,
cultural, motivational, and pedagogical factors.
In a 1998 paper, Brown et al. noted that the women

(there were 28) in their class of 221 were more likely than
the men to use a “naive method”when prompted to connect
an electric circuit [27]. This finding is valuable, they claim,
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because “we are often at a loss to identify specific things we
do in our classrooms that place females at a disadvantage”
[27]. This research is built on the troublesome assumptions
that gender differences are inherent rather than primarily
social in nature and that physics instruction is (and was)
equitable for men and women. In a letter to the editor
responding to the Brown et al., Wainwright attributed the
gender difference to anxiety and self-confidence and shared
pedagogical approaches that can help all students learn to
build electric circuits effectively [28]. The response by
Wainwright illustrates how gender-focused studies built on
a student deficit framing [29–31] like Brown et al. tend to
overlook the role of underlying causes while providing
little actionable guidance for instruction. This study and the
previous one should be seen as examples of how not to
conduct gender-focused scholarship.
A 2001 PERC paper by Potter et al. claimed that the

transformation of an introductory physics course to a studio
format helped to improve gender parity in final grade
distributions [32] compared with a traditional format.
However, in a follow-up publication in 2004, the authors
expressed continued uncertainty about the mechanisms by
which a switch to active learning may have impacted the
social component of learning [33]. This scholarship antici-
pated research results that were generally positive, if
uneven and hard to qualify, focused on studio-style courses.

A. Surveys

A number of validated surveys have been developed for
use in physics lab courses, including the Physics Measure-
ment questionnaire (PMQ) [34], theConciseDataProcessing
Assessment (CDPA) [35], the Colorado Learning Attitudes
about Science Survey for experimental physics (ECLASS)
[36], the Physics Lab Inventory of Critical thinking (PLIC)
[37], and the Survey of Physics Reasoning on Uncertainty
Concepts in Experiments (SPRUCE) [38]. Data from several
of these surveys have been analyzed in order to identify
binary gendered trends in student responses. Day et al. found
significant gender gaps in performance on the CDPA that
persisted from pretest to post-test [39].
In an analysis of data from the ECLASS, Wilcox and

Lewandowski found similar aggregate gender differences
that persisted from pretest to post-test. However, when they
disaggregated their student population, the gender
differences disappeared for some categories of students
(e.g., physics majors in beyond first-year lab courses) and
persisted for others (e.g., physics nonmajors in first-year
lab courses) [40].

B. Lab curricula

The ECLASS and PLIC have both been used to analyze
gender differences in labs with different curricula. For
example, Doucette et al. reported gender differences in post
ECLASS scores for a conceptual inquiry-based introduc-
tory physics lab course [41].

In another analysis, Wilcox and Lewandowski found that
postinstruction ECLASS scores in skills-based labs elim-
inated (or even reversed, in specific cases) the preinstruc-
tion “gender gap” [42]. A study by Walsh et al. compared
both ECLASS and PLIC results, finding that students of all
genders had higher postinstruction scores in skills-based labs
than in concepts-focused labs [43], controlling for prein-
struction scores.A study bySulaiman et al., focusing on a lab
transformation to a skills-based approach, identified some
ECLASS items that had different responses from men than
from women, suggesting that gender identity can play a role
in how students perceive their lab [44].

C. Integrated labs

Introductory physics courses that integrate lecture and
lab components together, also known as studio physics,
have also been analyzed with an eye on gender. Kohl and
Kuo reported that a transition to studio physics narrowed
gender differences in course grades, DFW rates, and, in
particular, scores on a concept inventory of electricity and
magnetism concepts [45]. Potter et al. reported eliminating
gender differences in grade outcomes after transitioning to a
studio-style approach, attributing the eveningout of grades to
the features of the transformed course [32]. Laws et al.
reported that women in a workshop physics class were
equally likely as men to choose to major in physics [46].
Analysis by Beichner et al. indicated that the SCALE-

UP approach was associated with significant reduction in
failure rates for integrated introductory physics classes, with
the reduction for women outpacing the reduction for men
[47]. Meanwhile, Brahmia demonstrated that the ISLE
approach combined with mathematical reasoning skill-
developing activities in a specially designed course is
associated with an increase in the passing rate of a first-year
physics course, eliminating earlier gender differences [48].
Focusing on university-level modeling instruction,

analysis by Traxler and Brewe found equitable outcomes
for men and women on an attitudinal survey [49], with no
gender-inequitable impacts on long-term measures such as
persistence to degree or failure of upper division classes [50].
However, there was an increase in the gender gap as
measured by a concept inventory, which increased between
pre and post [51] for those university-level modeling instruc-
tion classes, with no clear dependence on the instructor’s
gender [52].

D. Online labs

Prior to the adoption of remote instruction as a result of
the COVID-19 pandemic starting in 2020, Kepple analyzed
student attitudes and performance in online physics labs
using the IOLab device. Kepple reported gains on a concept
inventory for both men and women (although the gains for
men were greater) and reported that both men and women
achieved higher grades in the online lab and also that both
men and women would prefer to take an online lab if they
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had the option to do so [53]. A study by Rosen and Kelly,
focused on socialization, physics epistemology, and help-
seeking beliefs, found no gender difference between men
and women in the cases of both online and in-person labs
[54], also using the IOLab device. Further, they suggest that
self-selection into either online or in-person labs may be
responsible for reducing gender gaps in these factors
(implying that perhaps gender gaps may previously have
emerged because of students being required to learn in
unfavorable contexts).
Based on data collected as a result of the switch to

remote instruction as a result of the COVID-19 pandemic,
Radulović et al. suggested that online labs may have been
somewhat more effective than in-person labs at helping
female students learn physics concepts and develop a (self-
reported) sense of confidence about conducting experi-
ments [55]. Furthermore, this study showed no difference
between male and female students on a separate measure of
self-efficacy, which suggests that gender differences in
some motivational factors may be partially affected by lab
format.

E. High school labs

Three studies lend insight into the impact of high school
physics labs on gender inequities. Using a national dataset
for the USA, Burkam et al. found that hands-on lab
activities (which they suggest to be relatively rare) had a
positive impact on students’ performance, with an espe-
cially strong impact on girls [56]. Based on another
national dataset for the USA, Hazari et al. reported that,
among other things, male high school students were more
likely to report that labs addressed beliefs they held about
the world [57].
Meanwhile, Stoeckel’s analysis of one advanced place-

ment physics class identified labs as being especially
important for the development of students’ sense of
confidence, which has been implicated in gender
differences [58].

F. Upper division labs

In her Ph.D. thesis, Thomas used quantitative and
qualitative methods to explore the impact of a novel series
of lab experiences that supplement instruction for most
courses in the traditional physics major program. This
scholarship identified factors in the design of these lab
experiences as being essential to the development of
students’ senses of belonging and identification with
physics, as well as their persistence [59]. Observing gender
dynamics in an intermediate astrophysics lab course,
Gunter et al. noted that a lack of meaningful discussions
about physics concepts, as well as division of labor in
which men tended to adopt the hands-on activities, led to
gaps in students’ understanding. Notably, they also
observed that women who were physics majors were
viewed as competent and took on leadership roles in

groups in which they were paired with men who were
not physics majors [60].

G. Masculinities in research labs

In an ethnographic study of physics research labs in the
United States and Japan, Traweek noted the impact of
gender and masculinity on the physics research being
conducted [61]. Beyond their focus on scientific explora-
tion, research labs are also a space for education, which
inspired three parallel streams of scholarship by Gonsalves
et al., who used ethnographic approaches to understand the
impact of different aspects of masculinity on research labs
in the United States, Canada, and Sweden [13]. Pettersson
described the role of a “boys and their toys” attitude, as well
as the significance of large machines and opportunities for
students to get their hands dirty, as important factors in a
plasma physics lab [13,62]. Gonsalves noted that devices
are often constructed with in-built assumptions about the
physical bodies (arm length, physical strength, and manual
dexterity) that will operate them. She also found that
women often engage in gender negotiation in physics
lab spaces, such as rejecting traditional gender norms or
seeking out unique ways to gain recognition for skilled
work [13]. Danielsson’s interviews revealed the signifi-
cance of tinkering and “female masculinity” in the develop-
ment of students’ identity as a physicist [13,63,64].

H. Motivational factors

Awide variety of studies have investigated the impact of
physics labs on gender differences in motivational con-
structs. Kalender et al. explored the role of agency (“the
capacity to guide one’s actions towards achieving a goal”)
in labs, finding a lower level of agency for women in a
physics majors’ lab but not in an engineering majors’s lab
course [65,66]. Kinnischtzke and Smith noted a tight
relationship between agency and self-efficacy in physics
labs [67]. Laws et al. found that women were less confident
than men about their lab skills in a studio physics class [46].
Likewise, Stoeckel’s work in a high school classroom
illustrated the importance of hands-on lab work for devel-
oping students’ confidence [58].
Stump and Holmes found that students, and especially

men, often do not recognize “managing the group progress”
as part of doing physics, which might be problematic as
managerial roles are often adopted by women in mixed-
gender groups [68]. Meanwhile, Doucette and Singh
described a physics student whose identity as a scientist
was boosted by the recognition she received as a member of
a physical chemistry research group [69]. Perceived rec-
ognition can be a key factor that impacts students’ self-
efficacy and physics identity [70].
Gunawan et al. explored the role of creativity in a virtual

physics lab for high school students [71]. Other inves-
tigations into motivational factors in lab, such as
Funkhouser’s work on identity in a transformed college
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physics lab [72] and Lassen et al.’s work on project
ownership [73], have not addressed the gender dimension
directly but still shine light indirectly on the role of gender
in physics lab learning.

I. Student interactions

Social interactions between students can be an important
way in which gender differences can influence students’
motivational and learning outcomes. Jeon et al. explored the
role of student interactions and “inchargeness” in group
work, finding that gender equity in group work could not be
simply predicted by these factors [74]. Investigations using
social network analysis by Sundstrom et al. indicated that
student demographics and course structure impacted the
interactions students had in their lab courses, and also that in
some cases students, may have been more likely to interact
with same-gender peers [75]. In another study focusing on a
reformed lab, Sundstrom et al. found that students from all-
male groups were more likely to interact with peers from
other groups than were students from mixed-gender or all-
female groups [76].
In a study of a workshop physics program, Laws et al.

reported troubling social dynamics: “women complained of
domineering partners, clashes in temperament, being sub-
jected to ridicule, fears that their partners didn’t respect them,
and feelings that their partners understood far more than
they” [73]. Similar issues emerged in a study byDoucette and
Singh, which documented women describing being ignored,
talked over, and not taken seriously in physics labs [77].

J. Task division

One prominent way in which student interactions have
been observed to result in gender differences is through task
division. Holmes et al. presented data suggesting that men in
mixed-gender pairs may be more likely than women to use
lab equipment [78]. Quinn et al. found that gendered task
division was particularly pronounced in less-structured
inquiry-style labs [79,80]. Dew et al. found that task division
was reduced when it came to equipment handling for remote
labs in which students constructed their own apparatus [81].
Van Domelen investigated gender differences in perceptions
of technology use in a lab setting [82], finding subtle
differences betweenmen andwomen. Akubo et al. presented
two case studies in which positioning or power dynamics
influenced the ways that students self-assigned different
aspects of their lab work [83].
Doucette et al. used ethnographic observations to pro-

pose that in mixed-gender groups, women may be pushed
toward secretarial and managerial (“Hermione”) work
while men are inclined toward tinkering and wasting their
time on cellphones and other distractions not related to the
physics lab [84]. Based upon individual interviews and
ethnographic classroom observations of mixed-gender and
same-gender groups from the beginning of the semester
when the groups first formed, they proposed a model for

how the gendered roles solidified in many mixed-gender
groups compared to the same-gender groups [84]. In this
model based upon typical gender dynamics, a student’s
initiative—their willingness to dowork—in the lab is plotted
horizontally, while the vertical axis shows a student’s gender
[84]. The model shows that typically when a high-initiative
womanbegins toworkwith a low-initiativeman, she adopts a
Hermione role and he becomes a person who is often
distracted from the lab work unless she insists that he does
certain tasks. On the other hand, when a woman with lower
initiative begins to work with a high-initiative man: he tends
increasingly to take over the experiment, adopting the
tinkerer role, and she tends more toward the secretary role.
The type of gender dynamics that drives this task division is
observed throughout the lab period but is especially pro-
nounced during the first hour that a pair of students is
beginning to work together. Their observations suggest that
unlike in mixed-gender groups, the phase separation into
different roles generally does not seem to occur in same-
gender groups. In fact, in their observations, the general
contrast between the mixed-gender and same-gender groups
in this regard was striking [84].
Studies of women who take on a leadership role in

collaborative lab work have shown that this role can have
some positive impact on their identity development [85,86].
For example, in one study, women who were group leaders
described that they felt valued as leaders and liked the lab
much more than the physics lectures since their team would
not successfully complete the lab work without their
leadership role [86]. However, it is worrisome that many
of them conveyed low overall physics self-efficacy and the
belief that their male peers were better at tinkering in the lab
or physics in general, which may at least partly be due to
stereotypes about who can excel in physics. For example,
one female lab group leader whose male peer routinely
dominated tinkering with the equipment stated, “He’s very
good at equipment, so even if he doesn’t necessarily read
the lab, he’s just one of those people that has very good
problem-solving skills when there’s hands-on things” [86].
Critically, as shown by Holmes et al., the emergence of
gender-based inequities such as task division cannot be
attributed to gender differences in student preferences about
collaborative work [87].

IV. PROPOSALS TO REDUCE INEQUITIES

Whether we consider the role of gender-based task
division, the impact of masculinities in physics labs, or
the reasons that students with different gender identities
achieve different outcomes in labs, research studies pre-
sented here suggest that a central underlying cause of
gender-based inequity is the masculine culture of physics.
Prior scholarship has proposed or evaluated the success of
different approaches to reducing gender-based inequities in
physics labs. A wide variety of approaches has been
suggested [88], including the use of course-based
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undergraduate research experiences [89], explicitly discus-
sing equity issues [90], and social-belonging interventions
[91]. In this section, we report only on scholarship focused
specifically on studies that have examined strategies for
reducing inequities in physics labs.

A. Reducing isolation

In a physics lab, women may become isolated in two
different ways: they may be excluded if students are allowed
to choose their own groups [70,92] or theymay find that their
group mates do not value their expertise or ignore their
contributions [77]. Past scholarship (e.g., Gillibrand’s study
of single-sex classes inmixed schools [93]) suggests that one
solution to reducing isolation is by ensuring that groups of
3 or more students are formed in such a way as to include
either 0 or 2 or more women; in other words, avoiding
forming groups with exactly 1 woman. In this physics
context, this suggestion appears to originate from Heller
et al. [94] and was subsequently incorporated in other
curricular projects (e.g., SCALE-UP [47]) and scholarship
(e.g., McCullough’s column in The Physics Teacher [95]).
However, some students may find a “no isolated woman”

group formation strategy to be disconcerting. Instructors
may instead choose to focus on ways that they can structure
and support group work in ways that help students develop
equitable and fair collaboration practices, such as via
group-work contracts [96], interventions [97], and making
group work an assessed course outcome [98]. As an
example of how the gender composition of groups may
not play a significant role in well-structured work, Callan
et al. reported that in their studio-style physics classes,
there were no differences in students’ grades, conceptual
understanding, or experimental beliefs when comparing
mixed-gender groups with single-gender groups [99].

B. Assigned group roles

If students are inclined to divide up group-work tasks,
one strategy that might improve equity is to explicitly
assign, and then rotate, group roles. For example, Heller
and Heller devised a scheme by which students would
rotate through the roles of manager, recorder, skeptic, and
summarizer in cooperative problem solving and lab work
[100]. Students may be asked to reflect on their role
participation, in order to show students that group-work
roles are important (e.g., [77]).
While roles may offer a way for students to participate in

all aspects of the lab work, Holmes et al. have reported that
students prefer to share, rather than split up, their lab work
[87]. Furthermore, sharing rather than splitting up group
work can serve to boost the self-efficacy of women in
mixed-gender groups [101,102].

C. Attending to the intersubjective space

In a case study of a particular physics department,
Johnson described efforts by faculty to provide structural

support for the development of students’ physics identity.
These efforts included teaching students how to collaborate
in their lab work, using evidence-informed instruction, and
communicating a growth mindset to the students [103].
Indeed, instructors can have a powerful impact on the

experiences that serve to shape their students’ physics
identities. A strong body of research (e.g., [104–106]) has
drawn connections between themasculine culture of physics,
students’ motivational characteristics such as physics iden-
tity and self-efficacy, and gender-based inequities in physics
outcomes. A key aspect of this connection is the intersub-
jective space; that is, the space of relationships between
people that includes concerns (e.g., “I wonder what he thinks
about my physics ability”) that can strongly impact students’
beliefs about themselves and their abilities. Thus, it has been
suggested that instructors might be able to indirectly impact
the motivational characteristics of students by addressing the
intersubjective space. An intersubjective space that is more
focused on collaboration, caring, and hard work can, as
Johnson notes, help to lift the stereotype threat that women
often face in physics settings [103].
For example, Doucette and Singh described how two

women who struggled in physics and physical chemistry
labs were able to persist and succeed by seeking out
recognition and mentorship from beyond their peer groups
[69]. Gosling described the positive impact of providing
choice to high school students for a 5-week lab project
[107]. The intersubjective space can also be addressed
through ecological interventions, such as the ecological
belonging intervention pioneered by Binning et al. [91].

D. Preparing student instructors

Particularly in large research-focused universities, phys-
ics labs are often taught by graduate or undergraduate
students who may have little pedagogical training. As early
as 1940, Sister Ambrosia advocated for an approach to lab
instruction that would improve learning outcomes for
women in mixed-gender physics labs by giving the students
opportunities to serve as “partner-instructors” to classmates
who were about to start an experiment that they had
previously completed themselves [108]. Turpen et al.
explored how undergraduate learning assistants diagnose
and respond to inequitable teamwork in a project-based
engineering course [109]. Several efforts to improve and
transform the preparation of graduate student lab instruc-
tors have included teaching practices focused on respond-
ing to inequitable student group work [110–112].

E. Does studio physics reduce gender inequities?

While evidence-based active learning instruction gen-
erally produces better academic outcomes on average
[113], the impact of active learning instruction on gender
differences is less clear. Some studies suggest that active
learning can reduce or eliminate gender gaps in grades
and motivational outcomes (e.g., [114–116]), while other
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studies suggest that active learning instruction may pre-
serve or even expand gender gaps [8,117,118].
As a form of highly engaging active learning, studio

physics might be expected to provide some answers to the
question of whether active learning instruction can reliably
reduce gender differences. For example, an expanded
introductory physics course closed gender gaps in final
grades [119], and a transformed studio physics course saw
the gender gap in final grades disappear [32]. On the other
hand, an investigation of a studio physics course by Laws
et al. reported that some women found the course unpleas-
ant and also noted that while there were no gender
differences in grades, women were less confident about
their laboratory skills than men [46]. The other studies
described in Sec. II C similarly shed light on this question.
Likely, as these studies suggest, what matters for gender

equity in active learning and physics labs is not the
curriculum by itself, but the structure of student inter-
actions, the nature of grading and feedback, the ways in
which instructors interact and model behavior for students,
and many other factors. Thus, integrated or studio physics
may be more or less equitable, depending on the details of
the course design and implementation.

V. DISCUSSION AND CONCLUSIONS

A. Research results

A core research result that emerges across the scholar-
ship we reviewed is the salience and persistence of gender-
based inequities in educational physics labs. The different
ways that students practice gender have a dramatic and
important impact on their perceptions of experimental
science, on skill-based and conceptual outcomes, on
students’ experiences in lab courses, on students’ views
of themselves as physicists, and on the work they perform
in labs. The central outcomes parallel results from the rich
tradition of research in lecture-based physics courses
[14,88], which has likewise identified gender differences
in outcomes, experiences, and attitudes. Many different
aspects of the physics lab, as an educational setting, serve to
subvert the goal of equity of parity and deprive students
(especially women and gender minorities) of opportunities
to learn to their full capacity and to come to see themselves
as capable of doing experimental physics work.
Several other key ideas emerge from a consideration of

the scholarship described in this paper. First, while different
lab curricula may have an impact on gender differences in
lab-related skills, conceptual understanding, grades, and
motivational factors, the success of lab curriculum trans-
formations appears to depend heavily on the details: the
structure of student work and interactions, grading policies
and expectations, the role of lab instructors, and so on. This
suggests that efforts to transform lab instruction to improve
equity will hinge on reconciling the insight and institutional
knowledge of those who have intimate knowledge of how a

particular lab works (e.g., lab coordinators) with the
perspective and experience of experts on gender-based
effects in educational spaces (e.g., researchers). Instead of
searching for a panacea, we should focus on deliberate,
sustained, evidence-based improvements to our physics
labs in order to improve gender equity.
Second, there are subtle yet important factors associated

with different lab environments (high school, upper divi-
sion, and online) and curricula (skills-based, conceptual
inquiry, and studio physics) that current scholarship suggests
may be important. Findings that are relevant at the intro-
ductory college level may not translate to high school; for
example, a grouping strategy that seems to improve gender-
based equity in an introductory college physics lab context
may not have the same effect in a high school classroom.
Third, student interactions such as task division appear to

play an important role in how gender impacts students’
experiences in, and beliefs about, physics labs. Lab instruc-
tors should (be taught to) look for inequitable student
interactions and should (be taught to) respond effectively
to these interactions.
Fourth, physics lab spaces, and especially research

spaces, are often masculinized, which can pose challenges
especially for people whose gender identities do not align
with masculinity. Particularly, in research labs that train
physics majors and graduate students, physicists should
consider how the work required of students and the climate
of the lab may be gendered in physical, ideational, or
intersubjective ways.
Fifth, while some strategies to reduce gender inequities

in labs have been advanced and investigated, there is a
substantial need for more creativity, insight, and scholar-
ship applied to addressing the problem of gender inequity
in physics lab spaces.

B. Limitations and future directions

One limitation of this overview stems from the lack of
statistical rigor available in the referenced studies. Few of
the studies provide a quantitative analysis that includes
effect sizes, for example. Further, when effect sizes are
either included or can be determined, they often disagree:
Cohen’s d for women vs men in a first-year lab is −0.4 in
one study [40] and −0.1 in another [41]. As yet, there has
not been satisfactory quantitative replication of broad
gendered patterns across institutions and contexts.
It is important to note not only what scholarship has been

conducted but also what dimensions of physics lab
instruction have not been put under the scrutiny of a
gender equity analysis. As with much of the field
of physics education research [20], introductory college
physics labs at large research-focused universities have
been studied more extensively than physics labs at high
schools and 2-year colleges, labs at minority-serving
institutions, “beyond the first year” and graduate level
physics labs, or physics lab courses outside the United
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States. Similarly, much focus has been applied to gender
differences, but there has been very little scholarship about
the effectiveness of different strategies for improving
gender equity in physics labs.
We found no studies that specifically reported on the

physics lab experiences of students with nonbinary gender
identities. Most of the studies come from universities in the
United States, and large research universities are strongly
overrepresented. Thus, we urge the reader to be cautious to
avoid overgeneralizing the results of any one study, or even
our holistic analysis, beyond the study’s original context.
In some cases, the focus on gender differences in the

scholarship described previously has had the effect of
collapsing the complex, multifaceted issue of gender
inequity into a simple binary comparison. There is value
in comparing the outcomes of men and women in lab
settings, for example, comparing the sense of belonging
for men and women, especially when studies can be con-
ductedwith large populations that allow for the use ofmodel-
based analysis (such as structural equation modeling or
network analysis). However, it is important that such studies
avoid implicit assumptions in the framing of research
questions (e.g., student deficit framing [29]) and in drawing
conclusions based on comparative results.
However, it is essential that gender-focused research

also addresses ways in which gender identity transcends
fixed, binary categorization. There is a need for more
scholarship that investigates the experiences and out-
comes of students with a more sophisticated and complex
gender framing. Future scholarship will need to be

thoughtful and imaginative about employing frameworks
such as masculinity that provide a foundation for research-
ers to analyze deeply the causes and mechanisms that
underlie their observations.
While there has been some scholarship focused on

gender in physics labs, very little focus has been directed
toward other aspects of identity. More than anything else,
we recommend that future scholarship on equity in physics
labs adopts intersectional analyses that also account for
race, ethnicity, disability status, class, sexuality, and other
dimensions of identity. A report written by Dounas-Frazer
et al. for the AAPT Committee on Laboratories that calls
for the investment of time, energy, and resources to increase
accessibility for physics labs [120] is an important first step
in this direction. Likewise, the intersectional (gender and
race) analysis by Akubo et al. of the negotiation of group
roles for students in small lab groups [83] is an important
benchmark for future intersectional work.
We encourage researchers to pursue scholarship that

investigates students’ experiences and outcomes in high
school physics labs, in two-year college physics labs, in
intermediate and advanced undergraduate lab courses, and
in physics lab courses both in and outside of the United
States at different types of academic institutions. We also
encourage researchers to conduct research that focuses on
the experiences of students who navigate gender in non-
traditional ways, as well as research that investigates the
impact of other axes of identity, as well as the intersection-
ality of identities, on students’ experiences and outcomes in
physics labs.
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