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Informal physics programs often have the aim of supporting and cultivating physics identities; however, a
student is more than just a physicist. Students have multiple identities, including their racial, cultural, and gen-
der identities, which we believe must be supported within their experiences in informal programs. Informal
physics programs that intentionally blend physics learning with other areas of interest (art, music, sports, etc.)
are supportive of more than a student’s physics identity. In this work, we theorize that blended informal physics
programs can be examined using both Critical Race Theory and Critical Physics Identity frameworks to un-
derstand how program design possibly supports diverse identities. To demonstrate this hypothesis, we analyze
an informal physics practitioner’s interview about a youth program involving both art and physics. We look at
connections between the theoretical constructs from the two frameworks to understand how informal spaces can
be designed to support multiple identities.
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I. INTRODUCTION

Many researchers within the field of physics education
research have focused on improvements to classroom envi-
ronments and the ways that students interact with and learn
physics. Over the past decade, some researchers have turned
to racial identity as a lens to understand how students perceive
the subject, their relationship to it, and the broader physics
community. Findings from both racial and physics identity
studies have been used to suggest ways to leverage formal
classroom learning to increase belonging and potentially cre-
ate a more inclusive physics culture [1]. The focus on formal
environments makes sense from an instructor’s perspective
and has proven useful in developing transformed (non-lecture
based) classrooms [1]. However, informal experiences have
been largely overlooked as an integral part of the students’
experience with physics. Informal learning environments are
differentiated from formal learning spaces by students’ de-
gree of agency and voluntary participation, making them po-
tentially powerful experiences for identity [2].

Informal learning can happen in a variety of settings, con-
texts, and with a variety of participants and facilitators. In
this work, we explore how facilitators of informal physics
programs can effectively design and plan for engaging a vari-
ety of participants from marginalized, oppressed, and under-
represented backgrounds within the K-12 setting. This work
is necessary due to ongoing and persisting problems of the
physics community lacking both gender and racial diversity
despite funding and programming aimed at attracting students
to the field [3–5]. Students who feel as though they need to
give up their racial and/or gender identities, culture, personal
beliefs etc. will not continue within physics [6–9].

One way to counter this idea of needing to give up certain
identities in order to "fit in" with physics, is to create infor-
mal physics spaces where many identities are celebrated and
supported. Third space theory can be used to develop envi-
ronments where students feel as though they can engage with
learning science while not diminishing any important features
of the self [10]. Several scholars have taken up the idea there
are two distinct spaces within students’ lives: the space where
students learn science in school and "the second space of the
home" [11–13]. Third space theory describes how new forms
of participation merge the two main spaces a student experi-
ences to create a third space capable of bringing together dif-
ferent types of knowledge, discourse, relationships, cultures,
and identities. We consider third spaces as a way of con-
ceptualizing current and new informal physics programs that
allow youth to take up knowledge, resources, and identities
in innovative ways that would not be recognized in formal,
classroom settings.

In addition to research utilizing this idea of a third space,
past research has also shown that spaces revolving around the
arts are known to be empowering and supportive of identity
expression [14]. However, we recognize that practitioners
need to be cognisant about the audience of the program and it
is entirely possible that the choice of blended interests can be

isolating to certain populations. In this work, we hypothesize
that informal physics environments that intentionally blend
physics with other interests that are culturally relevant to the
participants (such as music, sports, art) may lead to cultivat-
ing a physics identity along side other important identities, es-
pecially racial and cultural identities. In order to understand
how racial identity may or may not be supported in an infor-
mal physics setting, we take up two complimentary theoreti-
cal frameworks that address different aspects of racial experi-
ences, racial identity, physics experiences, and physics iden-
tity: Critical Race Theory (CRT) and Critical Physics Identity
(CPI) theory. We use a case study to investigate how each of
these frameworks can be used independently to study infor-
mal spaces as well as how the intersection of these frame-
works can point to aspects of informal physics programs that
are important for identity development. An informal sum-
mer camp that intentionally blends physics with art has been
selected as the context for this paper where we examine an in-
terview with the program facilitator. Within the scope of this
paper, we aim to theorize how using Critical Race Theory
can be used in conjunction with the Critical Physics Identity
framework as an analysis tool for looking at informal physics
programs designed to be third spaces.

II. CRITICAL FRAMEWORKS

A. Critical Race Theory

The study of Critical Race Theory (CRT) aims to both un-
derstand the social situation of marginalized voices and peo-
ple of color, and also to encourage scholars to be actively
working to transform how society chooses to organize itself
into racial hierarchies. CRT started was originated in the le-
gal field during the mid-1970s when many of the civil rights
gains from the 1960s were stagnant or being rolled back, and
legal studies scholars of color felt the need for new strategies
to combat subtle, recurring forms of racism [15]. The ideas
contained within CRT quickly spread beyond the field of le-
gal studies and made its way into education research (as early
as 1990) where it is currently used to understand and combat
racialized experiences within all levels of education [16].

There are many tenets central to CRT, however we are
choosing to focus on the following five tenets [15]: racism
is ordinary and endemic, interest convergence, race is a so-
cial construct, uplifting and centering marginalized voices
(counter-storytelling is one method of doing so), and anti-
essentialism and intersectionality. The top of Table I contains
five of the commonly used tenets within CRT and their asso-
ciated definitions. The Handbook of Research on Science Ed-
ucation explicitly recommends using CRT for studying racial
oppression within science education [17]. Furthremore, in
physics education research, Rosa and Mensah used CRT to
study the educational pathways of black women physicists
and assert that "critical race theory can emerge as a potent
theoretical framework to discuss race and ethnicity in physics
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education” [16].

B. Critical Physics Identity

Theorized by Simone Hyater-Adams, et al. the Critical
Physics Identity (CPI) framework is a lens to look at the inter-
section of physics and racial identities [9, 18]. A framework
for science identity was originated by Carlone and Johnson
from their study that followed fifteen women of color in var-
ious scientific fields [19]. Hazari, et al. took up Carlone and
Johnson’s science identity framework to create a discipline-
specific physics identity framework that has since been used
in many physics education research studies. The CPI frame-
work takes this physics identity framework and combines it
with Nasir’s framework for racialized identities developed
from math education that identifies available (and lacking)
resources in different learning environments [20].

Hyater-Adams identified that combining the constructs
from these frameworks can "help us show how physics
identity differs for physicists across racial or ethnic back-
ground" [9]. The six constructs consist of three main
ideas from the physics identity framework (recognition, com-
petence/performance, and interest) and three main ideas
from the racialized identity framework (relational resources,
ideational resources, and material resources). The bottom of
Table I shows a summary of these six constructs in the first
column and their respective definitions in the second column.

The CPI framework has been used to show the diversity of
experiences of Black physicists within the field of physics and
the differentiated experiences of Black and white physicists.
In a study done by Williams, et al. [21] CPI was used as a
tool to understand the experiences of Black physicists who
also participate in the performing arts.

C. Utility of both frameworks

In this paper, we consider CRT and CPI frameworks both
individually and overlapping to examine informal physics
programs through the lens of systemic racism and oppression
as well as through the physics-specific context. By looking at
how systemic forms of oppression affect marginalized voices
coupled with understanding the experience of these popula-
tions within physics, we will be able to unpack how infor-
mal experiences can provide support for marginalized people
within physics and the broader society.

III. METHODOLOGY

To test the efficacy of using both the CRT and CPI frame-
works, we have chosen to look closely at a case study of a
informal physics program that includes art content. Data for
this case study was collected as part of a larger project to char-
acterize key features of informal physics programs, where de-

tailed information about the logistics, activities, and goals of
the program, are obtained in semi-structured interviews with
lead facilitators of the programs or events. The presented data
was obtained in a semi-structured interview with a white, En-
glish speaking informal program facilitator (who will be re-
ferred to as Taylor) who also identifies with a marginalized
population (naming of this population has been left out for
anonymity). Taylor is the Director of Outreach and Educa-
tion at a predominately white institution for physics research
and oversees many informal physics programs. Taylor was
interviewed virtually by two white, female researchers who
work at a university in the midwest.

During the semi-structured interview, Taylor answered
questions in the context of a summer camp, referred to as
Artistic Physics, designed for elementary and middle school
students. The summer camp is a week long program held
on the university campus and has 300 students participating
over two weeks. The goal of the summer camp is "to pro-
vide kids with a positive science experience and to facilitate
experiential learning through STEAM activities." We chose
Taylor’s interview and informal program for analysis due to
the physics and arts nature of the curriculum and their self-
described "strategic efforts to get a broader variety of people
coming to the camp." Taylor’s interview was transcribed and
coded by one of the white interviewers for all six of the CPI
constructs as well as the five tenets of CRT. The data was then
presented to classmates for a Critical Race Theory course and
written into a graded paper for the same course. Furthermore,
the initial paper and results were shared and discussed with
the PER faculty and group at her university.

IV. FINDINGS

We were able to identify instances of every construct from
both CRT and CPI within the interview. The third column in
Table I contains a summary of coded instances from the inter-
view with Taylor that correspond to the CRT tenet or CPI con-
struct. Each provided example demonstrates the associated
construct, but might also have additional constructs present.
Taken altogether, these descriptions provide insight as to how
the different elements of the Artistic Physics camp are con-
nected to the tension of doing physics activities in the context
of a racist society. For example, in this physics learning en-
vironment, the endemic nature of racism arose in disciplinary
issues stemming from the different backgrounds of campers
and counselors. Young campers were confused about race
as a social construct when filling out their race on partici-
pant surveys that were to document the program demograph-
ics to fulfill grant requirements. In Taylor’s interview, we also
saw instances of systemic racial oppression being recognized
within the camp through the use of counter-storytelling by in-
cluding physics activities that include a variety of cultural el-
ements such as story telling and mythology. Furthermore, the
bold examples in Table I highlight aspects of Artistic Physics
that aim to connect physics and the arts in order to combat
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TABLE I. Definitions for the CRT tenets (upper part of table) and CPI constructs (lower part of table) and examples from the case study.
Bolded examples are those that higlight the arts aspect of Artistic Physics.

Constructs Framework Definition Examples from the Interview
Racism is ordinary
and endemic

Racism is permanent and is an added fac-
tor within other forms of oppression

Unexpected discipline issues arose due to diversity such as a camper
threatening "to spray paint his counselor and send him back to Africa"

Interest
Convergence

White people will support social justice
only when it serves their own interests

Funding cycles are not ideal for equity research and informal program
design

Race is a social
construct

Race is not biological but rather a social
construct

Campers had confusion about demographics/race question on partici-
pant survey because of a lack of understanding about racial categories

Counter-
storytelling

Positioning people of color at the center
of the conversation and creating space for
marginalized voices to be heard

Hands-on activities for campers that may not speak English, activities
that include storytelling and different cultural elements, volunteer
physicists who demonstrate a wide range of identities

Anti-essentialism and
intersectionality

Not relying on single voices to speak up
for whole groups and analyzing the vari-
ous forms of oppression

Reduced or free camp tuition based upon free or reduced school lunch
status; advertisement for the camp through diverse languages

Recognition Being recognized (or not) as a physicist Providing positive science experiences; teen counselor program for
previous campers; activities grounded in a diversity of cultures

Competence and
Performance

Belief in one’s ability to perform and un-
derstand necessary tasks

Differing levels of challenge among activities

Interest Interest in the field of physics Connecting physics with other interests; relating science to partici-
pants’ lives; creative and hands-on activities; enthusiastic facilitators

Ideational Resource Ideas about one’s place in physics, what
physicists care about/value, who you are
as a person, and the cultural perceptions
of physicists from outside of the field

Attempting to bring physics out of the academic sphere and into stu-
dents’ lives; creating positive science experiences; activities that in-
volve games and crafts; interactive and meaningful activities; same
activities for all age groups; diversity among volunteers

Relational resource The way in which aspects of relation-
ships with others in the context will impact
one’s connection to physics

University volunteers, local teachers, and teen counselors; differing
ages of campers interacting through the same activities; counselors
with experience with autism spectrum; diverse counselor identities

Material resource Material things that can provide access to
other identities (ie programs, communi-
ties, organizations, funding)

Low-cost or free tuition for campers in need; pay teachers to create
lesson plans; free transportation for campers in need; advertisement in
many languages; volunteers who are physicists, engineers, and artists

systemic racism.
The following examples show instances of overlap be-

tween the CRT and CPI frameworks within the interview
demonstrate how forms of systemic racism and oppression in
physics and society can shape an informal physics program.

Youth Recruitment: During the interview, Taylor ex-
plained how they inherited the summer camp nine years ago
when they started as the Director of Outreach. At that time,
the camp was marketed in many ways that did not seem eq-
uitable (such as only being advertised to faculty members’
for their children), and so Taylor explains some changes that
were made:

And so the first year, [...] if you knew about the camp,
you got in, and if you didn’t, you didn’t. [Then] I started
sending in flyers to targeted schools, I’ve made flyers in
different languages to send to different community cen-
ters. I realized that with our lower income areas, even
though they can go to camp for free [...] they still were
having travel issues. [...] I actually sent an undergrad in
a car to go pick the kids up to bring them to camp for
the week. [W]e tried to make it representative of [the

local area].

This portion of the interview was coded as both material re-
source and intersectionality due to the idea that camp fees
needed to be lowered in order to create accessibility for low-
income families from all races. This example also shows how
Taylor is making an effort to market to families that may
not speak English at home and thus increasing accessibility
among the community. Taylor later went on to comment: "It
was the standard, ‘Here’s the fee. And if you want financial
assistance, you can fill out this application for financial aid.’
And I think it’s ridiculous that we ask poor people to take
more steps." The additional action Taylor took in order to en-
sure that material resources were available before the start of
the camp (with the intention of creating access to participa-
tion in the camp) was a way of addressing the tenet of inter-
sectionality by not only targeting specific racial groups but
also by recognizing that some racial groups also experience
less socioeconomic privileges and may not speak English.

Volunteer Representation: Later in the interview, Taylor
comments on the facilitators present during the summer camp
and how it is important to have diversity and representation
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among the "experts." Their strategy consisted of:

I always try to have a Black man as a counselor to be a
role model for the younger kids. I try to have at least a
couple of Latino people as role models for the kids. [...]
In terms of the [physics] volunteers, [...] most of my
volunteers are not going to be diverse. But of course,
that said, in physics women and minorities are more
likely to volunteer for things. So you get an unrepre-
sentative group of your students volunteering.

This element of the program provides participants with possi-
ble role models that share similar racial identities and recog-
nition that people of color are physicists. The idea of cu-
rating volunteers and facilitators that are racially representa-
tive of the program participants is in line with the idea that
racism is ordinary. We also believe this can be an exam-
ple of counter-storytelling because Taylor is recognizing that
there is a need to provide examples of successful physicists
and scientists of color. They focus on an intentional inclusion
of people of color in terms of staff members and volunteers,
a design choice intended to promote recognition of youth of
color through relational resources. However, this act is in ten-
sion with their perceived challenge of finding diversity among
physics volunteers due the make up of the field.

Physics Activities: In addition to resources available to
participants before the start of the program and representa-
tion of the facilitators, Taylor also discusses design choices
that they made in order to provide support throughout the
summer camp. They comment on inclusivity of the spaces
and activities used during the camp:

I look at different sites to try to make sure that they’re
inclusive. So there’s this whole series put out by peo-
ple in Washington on inclusive STEM. [...] They talk a
lot about how storytelling can bring in non-Western cul-
tures in different ways and make the activity more per-
sonal to them if you ask the kids first what they know
about it through storytelling. [...] I do bring in different
cultural activities, Celtic knots, different African math
games. So I do make an effort in the activities to bring
activities from different cultures, but also input inclu-
sive ideas in there.

This example of Taylor choosing to include a variety of ac-
tivities that draw upon different cultures, ways of knowing,
and traditions was coded as external recognition of people of
color as physicists and interest due to their effort to provide
activities (material resource) related to science that might
also be of interest to a wide range of participants. They
are again recognizing people of color as scientists and are
emphasizing different ways of knowing and interacting with
physics in order to create a third space that provides par-
ticipants with recognition. This effort is directly related to
counter-storytelling and highlighting voices of color because
Taylor is purposefully trying to uplift "non-Western" ideals
and cultures within these activities.

Funding: Finally, Taylor discusses some challenges that
they faced during this summer camp, and their other outreach

work, related to funding the program. When thinking about
funding intended to be used for increasing diversity through
outreach, Taylor had a critical perspective on institutional sys-
tems that may inhibit this work.

I think the funding sources and the short funding cycle
of NSF has a large impact on how we can affect diver-
sity through outreach. [...] They give you a three-year
grant, and they want to know how you’re going to affect
diversity with your outreach in three years. And I say,
‘You can’t,’ because you have to make the interventions
before high school. And you’re not going to know if
they’re effective until well after college.

This segment of the interview highlights a challenge that Tay-
lor faces when trying to secure the material resource of fund-
ing in order to create a sustainable summer program. We
believe that this challenge is an example of interest conver-
gence within the funding system in the United States as the
National Science Foundation places structural limits on its
funding models that may be in direct conflict with goals of
advancing the needs of people from underrepresented groups.
Furthermore, this notion of change within short amounts of
time is a white-centered view point and intrinsically benefi-
cial to white researchers as opposed to researchers of color
and minority populations.

V. IMPLICATIONS AND CONCLUSIONS

Overall, Taylor’s interview provided insight into the chal-
lenges and choices that were made for an informal physics
program that is striving toward equity and inclusivity through
the use of a third space. In this paper, we have demonstrated
with a concrete example that by using both the CRT and CPI
frameworks, we can understand ways in which informal pro-
grams are providing support (or are struggling to do so) to
those with marginalized voices. We extended CRT and CPI
beyond formal, classroom environments, in order to gain new
perspectives within informal physics spaces. Both CRT and
CPI can become an essential theoretical framework for anal-
ysis within informal physics education research and can be
used to develop future informal programs. In future work we
plan to analyze more informal physics programs, including
those that have less design elements for equity and inclusion.
Using CRT and CPI in this way, we will be able to identify el-
ements that are important for practitioners who are striving to
create inclusive informal spaces, and hopefully provide tools
to improve informal physics spaces.
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