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As opposed to practices that reinforce inequitable power structures, disciplinary practices in STEM that con-
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students. We identify two instances (within the setting of a computational physics course) where we notice
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I. VIGNETTE

Emerson is a fourth-year undergraduate double majoring
in Computer Science and English. On the first day of the
course, Emerson was the last student to share their major, year
of study, and pronouns. “Hello everyone, I’m [Emerson][1].
Um..I..am a senior, studying..Computer Science, English, and
((voice slightly shaky)) Applied Physics in the School of En-
gineering; uh.....yeah.” While many students did not appear
practiced in sharing their pronouns, Emerson was the only
student to decline to answer. Given this ambiguity, we use
they-series pronouns to refer to them. In a computational
physics course, they are in the middle of a group project to
create and model an oscillator with Ashley (she-series pro-
nouns), Tommy (he-series pronouns), and Asia (she-series
pronouns).

As Emerson steps closer, their last few steps are short and
subtly mimic light stomping—like a child might shamble
over to a new group of friends. As Tommy speaks, Emerson
looks towards the whiteboard, then looks down at Tommy’s
paper. Before Tommy looks up at them, Emerson has looked
back to the whiteboard with an open expression.

EMERSON; Ok guys, what are we doing now?
TOMMY; Um, I think we’re thinking about what
physics question we’re doing [unintelligible]
EMERSON; umm...
TOMMY; But I’m not sure [unintelligible]
ASHLEY; Neither am I

We start with a diffractive reading [2, 3] of one moment dur-
ing their group work. The ethnographic data, passing through
the theory we bring with us, and our interpretations of this
group’s dynamics, produces a unique interaction (akin to a
diffraction pattern) that we wish to study and describe.

Emerson is White, and today they are wearing a grey cardi-
gan, a mustard-colored crocheted headband, and red T-shirt
that says, “no perfect people allowed.” They are pursuing a
minor in Physics along with their double major. Before this
course, they have coded video games and posted them to their
personal website as well as github. They frequently carry
a rubik’s cube, and sell custom parts and cases for various
sizes of rubik’s cubes on their online shop. They are inter-
personally easy-going and charming, engaging frequently in
conversation with peers, and confident in their physics and
programming knowledge.

Before they answer, Emerson shifts their weight—in hip-
led turns of their body as they alternately make eye contact
with Asia and Tommy, and turn towards Ashley as she looks
up at them. They look down as they think, and then stand still
with their arms at their sides and their feet close together.

EMERSON; Super position of um..of, uh, cen-
tripetal force.
TOMMY; I don’t know what that means, al-
though it sounds like something. [laughs]
ASHLEY; I mean theoretically we should be
able to do it with just like basic F = ma for the
acceleration of each and the velocities of each

time...
EMERSON; [nods] Yeah.
ASHLEY; It’s just more complicated

Before this conversation, Emerson has been working with
Ashley to capture video data of an assemblage of craft ma-
terials that they built under the open-ended project prompt
to, “Make an oscillator." They are using a model of a double-
pendulum system to build a computational model of their “os-
cillator.”

EMERSON; Um, so, like, what I meant by that
—to —what we’ll probably say is probably not
that, because that might mean something differ-
ent than what we mean to say —but, like, what
we’ll probably say is like, ..how having multiple,
um, centripetal forces acting
on...uh..bodies..affects their motion.
ASIA; So, how having multiple centripetal
forces affects...

Throughout this project, Emerson’s charisma, facility with
Python, and experience with Physics has helped position
them as a leader in the group. We noticed some relational
moves that Emerson used to distribute power across the group
and moves to deemphasize their authority.

EMERSON; the motion of a body. Yeah.
ASIA; ok
AUTHOR4; [in background, headed to another
group, Emerson and Tommy turn to watch]
YAASSS. YAS!

Our interpretation of the video and transcript in this vi-
gnette is that Emerson approaches the group without any ex-
pectation of what the group should or should not be doing.
Tommy leaves space for Emerson to step into a leadership
role by exposing the confusion he is feeling about which di-
rection to go next with the group project. Emerson deset-
tles their potential authority in the group through a perfor-
mance of improvisation (and with shrugs of uncertainty) as
they suggest a potential research topic. Their performance of
the physics practice of crafting a research question involves a
playful first try, and successive refinements to find something
that appears (at least momentarily) to fit.

Their existence in this moment is, of course, many things–
not all of them captured here, and the pieces presented here
are not more important than other aspects of this (almost
mundane) snapshot of disciplinary work. But we were drawn
to these moments because Emerson–a genderqueer student
(who during an interview identified experiences of tension
and discrimination in another STEM environment)–performs
disciplinary practices (such as working in groups and crafting
research questions) with authenticity to their queerness. They
disrupted the accumulation of their power in the group. They
were unfazed by uncertainty and failure[4, 5]. And they ap-
proached the creation of a research question as a playful and
iterative game of refinement.

We find it interesting that these aspects of disciplinary
practice—so common as to be nearly invisible—carry por-
tions of Emerson’s queer identity. We see disciplinary prac-
tices in physics as potential sites of resonance with themes
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from other scholarship such as queer theory. And we under-
stand disciplinary practices to be composed of harmonics that
resonate with tones of queering.

II. INTRODUCTION

Education researchers have only relatively recently begun
to explore the climatic experiences of LGBTQ+ people in
Physics and STEM more broadly. Early qualitative efforts
to understand the experiences of faculty [6] and students [7]
found these groups often felt compelled to hide their gender
and sexual identities to navigate their respective STEM com-
munities. More recent quantitative work has highlighted cli-
mate issues limiting retention of LGBTQ+ faculty work [8]
and shown disadvantages to LGBTQ+ employees in federal
agencies [9].

Considering LGBTQ+ people in Physics is becoming more
common, but there is much to study. Two papers from one ini-
tial study in Texas addressed race, gender, and sexual orienta-
tion in physics [10, 11]: One looked at how participants saw
themselves as a physicist and their views on stereotypes that
may have prevented this self-identification [10]. The second
examined how departmental structures and culture led to par-
ticipants finding “success together” [11]. A second set of pa-
pers [12, 13] using data from a survey of 324 LGBTQ+ physi-
cists and interview data examined LGBTQ+ experiences of
harassment and exclusionary behavior [12] as well as intra-
group differences in the LGBTQ+ community [13].

Despite these preliminary efforts, there is very little work
or observational data on the classroom experiences of LGBT+
people in Physics. In this paper, we envision what “queering
a physics classroom" could mean (and might look like) by
performing a queer reading of a designed [14] learning envi-
ronment. Using Rands’s framework of Inqu[ee]ry [15, 16],
we examine some ways that queer theory might illuminate
physics pedagogy. One way to “queer” disciplinary practice
in physics is to craft learning spaces with a diversity of perfor-
mances of gender, family structures, sexualities, etc. Another
way to “queer” disciplinary practice might be to find and
amplify resonances between physics and queer. Some dis-
ciplinary practices in physics already seem to resonate with
queer theory: troubling settled assumptions and norms [17],
framing failure and recreation as necessary for progress [5],
and perpetual doing/undoing of understanding [3]. Yet not
all of these practices are routinely included, noticed, or high-
lighted in a typical physics classroom. To illustrate our argu-
ment, we draw from ethnographic data of an undergraduate
computational physics course. We present examples (situated
in a learning environment) of disciplinary practices in physics
that are in alignment with themes developed for queer theory.

The disciplinary setting for this work is an undergraduate
computational physics course taught at a small liberal arts
university in the Northeastern United States. One of the five
projects of the course is to model the behavior of a physi-
cal construction made from everyday craft materials–string,
magnets, wooden hoops, tape, dowels, and cardstock. With
the materials on display at a communal table, the students are

invited to “make an oscillator.” After constructing and re-
fining an assemblage of materials, the students collect video
data and use tracking software to create a data set of position
coordinates. The students then design and code a computa-
tional model of the system. Throughout this project, we have
noticed resonances between disciplinary practices in physics
and themes from queer theory.

III. INCLUSION, QUEER THEORY, AND INQU[EE]RY

Queer theory is an umbrella term that refers to a number
of bodies of work originating in the interdisciplinary field
of Cultural Studies and rooted in Critical Theory. The word
“queer” has history as a heteronormative slur that has become
a self-identifying term for people crafting a range of particu-
lar minoritized sexual and gender identities[18]. An identity
in itself, the word “queer” is closely related to many kinds
of marginalized identities including Lesbian, Gay, Bisexual,
Transgender, Intersex, Asexual, Questioning, and others.

A dual usage of “queer,”
“alludes to a view of identity as unfixed, con-
tingent, and in a process of constant reconstitu-
tion through discursive practices... whereas in
[this] sense the term is defined against normalcy
or normativity” [15].

Identity (each aspect of identity, including sexual and gender
identities) is continually made and remade through dynamic
social co-construction, individual performance, and emergent
processes [19, 20]. As both a verb and an adjective, “queer”–
as in queer theory–signifies a poststructural perspective of the
discursive nature of identity as well as a description of resis-
tance to the normalizing flows of culture that straighten peo-
ple into uncomfortable shapes [15, 16, 21, 22].

In contrast, Physics Education has tended to construct the
identities of its participants as fixed, immutable and often,
to the extent that marginalized groups have been studied, as
inhibitions or challenges to be overcome [23]. Queer the-
ory offers an alternative set of tools that instead allow us to
scrutinize the power structures at play in an educational en-
vironment, the ways in which identities are inculcated in and
leveraged by those power structures, and how processes of
marginalization or exclusion emerge from particular features
of an educational environment. Hence, “rather than inclusion
and representation, queer theory emphasizes questioning and
inquiry” [16, p. 186] —inviting us as researchers to look be-
yond merely who is present in the classroom to how they are
navigating it and learning, and which features of the design
are supporting that growth or otherwise.

A. Inqu[ee]ry

As a valuable example of how queer theory has been de-
ployed in education, Kai Rands [15, 16] takes these two us-
ages of the word “queer” to describe “queering” mathemati-
cal learning environments in two complimentary ways–queer
as in LGBTQ+, and queer as in queer theory. In what they
playfully name an “Add-Queers-and-Stir” approach, Rands
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describes “queering” mathematics education in the first sense
of the word–inclusion and representation for LGBT people.
As an example of the first sense of the word “queer,” we
might imagine representing a diversity of family structures
in the context of physics questions and lessons, or avoiding
problematic heteronormative analogies such as gender and
electromagnetic attraction. Rands also describes ways to add
“queer” to other frameworks for mathematics education; such
as, culturally relevant pedagogy, critical mathematics literacy,
or feminist perspectives on mathematics education [15].

In the second sense of the word “queer,” Rands suggests
that we question “the tasks, strategies, the very ways of think-
ing and doing mathematics, as well as the way mathematics
is used to interpret and act in the world” [16, p.186]. Math-
ematical Inqu[ee]ry, as they describe it, might challenge nor-
mativity and question “the boundaries of social, identity, and
mathematical categories” [16, p.188]. Some examples they
give are: “What shapes are included in the pattern block set?
What types of pictures do these shapes make possible or im-
possible?”; and “Can you make a contradicting argument us-
ing the same data?” [16, p.188].

We emphasize that questions such as these are already
within the boundary of what counts as doing mathematics.
What makes these practices “inqu[ee]ry” (as well as “in-
quiry”) is their resonance with themes from queer theory. In
the first example, by considering how the rules we create can
include or exclude exclude. And in the second example, by
questioning how we construct understanding. Along with in-
cluding “queerness” in mathematics education, recognizing
that some existing forms of mathematical inquiry also res-
onate with themes from queer theory is a second possible way
to “queer” mathematics education.

In Physics education, we can interpret Rand’s call more
broadly to re-imagine the set of tasks that we ask students to
do, replacing standard problem sets, lectures, etc. with oppor-
tunities to engage in doing science as scientists; to go beyond
students answering assigned questions and instead posing and
answering questions for themselves.

We ask: In the specific context of computational physics;
can we envision inqu[ee]ry as an element of disciplinary prac-
tice that aligns with themes from queer theory? During our
“oscillator” project, we noticed multiple instances of such an
alignment—and here we will describe two.

IV. DATA COLLECTION

The course design and this activity are fully described in
[24]. This project occurred over 5 class periods in the mid-
dle of the course and incorporated multiple rounds of making,
data collection, computational modelling and comparing data
with models. Observations of the class sessions were con-
ducted by members of the research team, and field notes [25]
were generated by each observer. Additionally, video record-
ings were made of students working around the materials ta-
ble and in their project groups. Roving cameras were used
[26] to capture specific interactions such as students mak-
ing and remaking their artifacts as described here. Student

presentations were recorded, and all work submitted for the
course was collected for analysis. Finally, selected students
were interviewed at the end of the course.

Our analysis involved repeated and collaborative review;
and the creation of content logs, transcript, and analytical
memos. Our particular use of Interaction Analysis [27] in-
volved an iterative pattern of interpreting ethnographic field-
work in order to understand the “ways in which participants
utilize the resources of the complex social and material world
of actors and objects within which they operate” (p. 41). Our
interview protocol was designed by the research team to in-
vestigate students’ changing relationships to tools, materials,
each other, the instructors, and the discipline. Noticing el-
ements of queer identity surface in interview data, such as
Emerson’s comments on experiencing a hostile climate in an-
other context, caused us to look more fully at queerness in the
video data.

V. DISCIPLINARY ELEMENTS OF QUEERNESS

A. Troubling understanding

In our “oscillator” project, we observed a pattern of stu-
dents building a computational model, and then queering it.
And we see this as a ordinary and desirable disciplinary tra-
jectory: Physics inquiries are rarely, if ever, “complete”, but
are conducted to produce new knowledge. As this knowledge
is produced, new questions emerge and new acts of inquiry
follow, sometimes with the same tools, experimental appara-
tus or even data. In this way, physicists “trouble” or perturb
settled knowledge. The students build an assemblage of parts
that move. The students have freedom to define what “os-
cillate” means for them in their context, as well as agency
to decide what they will model, and what constitutes a com-
putational model. Once the students have a sense of “what”
is happening in the movement they record, they almost al-
ways investigate some kind of complicating factor. For in-
stance, further investigating: sensitivity to initial conditions
and chaotic behavior; finding and tweaking parameters of the
model (drag, energy dissipation, Reynolds number, coeffi-
cient of restitution, etc); or precision in measurement (cap-
turing the data in the best way, calculating differences and
error). The students have agency to pile on complications—
asking new questions—until their work feels to them to be
sufficiently interesting.

Emerson’s group reported that the reason they chose a
double pendulum was specifically because the complicating
factor of “chaos” was “interesting” to them. Their group’s
first assemblage essentially involved three independent sim-
ple harmonic oscillators, but they instead decided to build a
double-pendulum system because it was "more interesting"
and “chaotic.” At the initial conditions they modeled, the
double-pendulum does not, in fact, exhibit sensitivity to ini-
tial conditions in the sense of chaos theory. But we believe
that because of the double-pendulum system’s connection to
the development of chaos theory, Emerson’s group coded it
as “chaotic,” in this way strange, and therefore interesting.
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The students have agency to pile on complications and
troubling factors until their work feels to them to be suf-
ficiently comfortable. In a sense, what drives the project–
what is interesting–is the strangeness of the behavior that
they have sought out. The most common self-descriptions
of these moves (of intentionally looking for weirdness) is that
they are done to make a project more interesting. The aes-
thetic that determines “sufficient,” and the affect determining
“comfortable” and “interesting” are examples of epistemic
affect [28, 29]. In this case, these disciplinary tenets are
tied to undoing understanding and searching for more/enough
strangeness. Essentially, queering is among disciplinary sen-
sibilities that they are bringing into practice.

B. Agency as an ingredient for queering physics

Agency is central to scientific practice because scientific
progress is not linear and there are often fundamentally dif-
ferent ways to approach the same problem. Agency offers the
possibility of revising, iterating, and improving the outcome
of an inquiry, as well as its objectives. There has been con-
siderable recent interest in agency within Physics Education
in laboratory settings (e.g. [30, 31]); here we briefly consider
the queer implications of such agency.

In the “oscillator” project of our study, we facilitated the
students’ agency to bring into being: objects of study, mean-
ings of terms such as “oscillate” and “model,” and disci-
plinary relationships and group structures. Ashley described
the agency to determine what to study and how to study it–
even for different members of the same group–as a positive
element of project:

ASHLEY; I think a lot of that was very personal.
People would take their piece of the project as
far as they wanted to.
AUTHOR3; And iterate as much as they felt
comfortable –
ASHLEY; Yeah. But then if another person came
to us and was like ‘I’ve done this cool thing.’
We’re like ‘Cool–that’s great!’

Emerson described their experience working with Ashley as
a positive and productive disciplinary kinship:

EMERSON; ...So one thing I learned is that Ash-
ley and I make a great duo because I have this
chaotic energy about me, and Ashley’s very sta-
ble and ... I will just explore various exponential
branch trees. And then Ashley will be like ‘okay,
let’s do this.’ And then we’ll get it done. [Inter-
view]

With Barad [3] in mind, we see these individual craftings of
disciplinary exploration and disciplinary kinship as outcomes
of the many types of disciplinary agency facilitated by the
design of the project. This agency—as a part of what made
up the disciplinary environment for students—helped support
Emerson (at the very least) in feeling comfortable in crafting
disciplinary relationships and bringing their whole self to the
disciplinary project:

EMERSON; And that feeling also is very depen-
dent on the space I’m in. So, when Ashley’s
around I’m very comfortable. But if it was just
me in a room with some of the straight, White,
cis guys in the room, I probably would all of
a sudden not have been speaking as much, and
then the camera would make it worse. And I’d
just be like “well, this sucks”. So it just depends
how much of a community you have in the class
at certain times too. [Interview]

We are led to speculate from this datum that space for dis-
ciplinary indeterminacies led to disciplinary agency, dis-
ciplinary knowledge, experience with disciplinary relation-
ships, and support for queer expression.

VI. CONCLUSION AND IMPLICATIONS FOR
PEDAGOGY

We described two ways that queer theory can be used to
read what is happening in the disciplinary practices of our
designed learning environment, an undergraduate computa-
tional physics course where students were asked to make ob-
jects they would then model.

The first type of queering of Physics that we have sug-
gested is to recognize and support the aspects of Physics prac-
tice related to searching for what is surprising or unknown
and building something creative and new. In our project to
“make an oscillator, and build a computational model,” this
queering of Physics showed up in the students’ search for
“interesting” behavior and creative interpretations and mod-
els for their data.

The second type of queering of Physics that we have sug-
gested is to recognize, support and centralize student agency.
In our project to “make an oscillator, and build a compu-
tational model,” this queering of Physics showed up in the
open ended nature of the project. The students’ experience
involved types of agency to determine (in ways that fit them)
what to build, what to notice, what was interesting, what data
to collect, how to interpret it, how to model it, how to craft in-
terpersonal relationships, where to find support, how to con-
struct or deconstruct leadership, and what performances of
knowledge they would enact.

In conclusion, we suggest that queering physics could
entail searching for queer themes within the practice of
Physics—and finding ways to amplify those practices. We
envision “queering Physics” to be possible through both (as
Rand puts it) an Add-Queers-and-Stir approach as well as
searching for what Inqu[ee]ry in Physics can look like. So
far, we notice that “troubling assumptions” and “agency that
leads to re/creation” are queer themes that can emerge in a
Physics classroom given appropriate design.
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