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Many conceptual and theoretical frameworks in education research tend to value social and cultural capital
from the most privileged groups and focus on what people from marginalized groups are "lacking." This kind of
research often employs a deficit model of understanding the experiences of people marginalized in education.
To fully understand the academic experiences of students from marginalized groups it is crucial to focus on the
capital these groups use to overcome challenges. The Community Cultural Wealth (CCW) framework values
resources Communities of Color have to help them through various systems such as education. The goal of
this project is to understand which forms of CCW students utilize when deciding to pursue graduate education
in physics and when they face challenges while in graduate school. To do so, we conducted semi-structured
interviews with participants in physics bridge programs from 4 different institutions, and used qualitative coding
to identify examples of each of the 6 types of CCW at three different time frames: pre-college, deciding to pursue
graduate school, and during graduate school. Our analysis of the data showed that students used familial and
aspirational capital during their pre-college experience and navigational and social capital when deciding to
apply for graduate programs. Students tended to utilize familial, social, and navigational capital once in their
program. We also highlight the impact of family and socioeconomic and ethnic background on experience of
students in the APS Bridge Program.
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I. INTRODUCTION

Recent physics education research studies reveal a num-
ber of challenges that physics graduate students face. For ex-
ample, Barthelemy, McCormick, and Henderson (2016) [1]
documented graduate student experiences of sexism and gen-
dered microaggressions and suggested training and policies
to combat the gendered experiences faced by graduate stu-
dents in physics and astronomy. In their investigation of
physics identity development, Hyater-Adams, et al., (2019)
[2] found that Black physicists have racialized experiences in
physics that influence identity development and experience
within the field. They suggest that we interrogate material re-
sources, such as bridge programs, to understand if/how these
programs provide students with positive recognition that can
influence their physics identity development. Additionally,
Sachmpazidi and Henderson (2021) [3] found that in general,
physics graduate students experience limited social and aca-
demic integration. Through the American Physical Society
Bridge Program (APSBP) however, they found that depart-
ments can create structures that support student social and
academic integration. We cite these three studies as exam-
ples of the work being done in physics education research to
identify and understand the challenges that physics graduate
students face and also provide solutions for facing such chal-
lenges. In this study we aim to contribute to this growing
body of work by understanding the resources that graduate
physics students in physics bridge programs use to overcome
the challenges they face in graduate school and as part of their
decision to pursue a doctoral education in physics.

Physics education researchers have advocated for research
that factors in the demographics of the participants [4] and
that utilizes appropriate framing when studying marginalized
populations in physics [5]. Thus, we developed our con-
ceptual framework on Community Cultural Wealth (CCW),
which utilizes Critical Race Theory to challenge "traditional
interpretations of cultural capital" (Yosso, 2005). More
specifically, we focus on the experiences of graduate students
from minoritized and marginalized ethnic/racial groups us-
ing a framework that values the resources that these students
bring to academic environments.

A. The American Physical Society Bridge Program

This study focuses on participants of the American Phys-
ical Society Bridge Program. The APSBP is designed to in-
crease the amount of physics PhDs awarded to Black, Lat-
inx, and Indigenous students by providing structured support
and resources for one’s transition into graduate school. The
APSBP collects applications from candidates after the typi-
cal mid-April cut-off and sends them to participating institu-
tions, allowing the institution to select candidates that best fit
their particular program. Once admitted into the program, the
APSBP provides students close support by boosting social in-
tegration and mentoring of incoming students. Sachmpadzidi
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and Henderson (2021) found that the support structures in
the APSBP are stronger than support structures in programs
not affiliated with the APSBP. They provide examples such
as strong orientation programs, and specific tutoring sessions
for APSBP students [3]. Hodapp and Woodle (2017) indicate
that APS helps their incoming students transition by creating
programs that promote a sense of community and reducing
the economic burden by providing financial support. APS
also regularly monitors the progress of affiliated students, es-
pecially during their first year, and encourages bridging sites
to establish regular staff mentoring[6]. Lastly, compared to
the national student retention rate of 59%, the APSBP has a
higher retention rate of 92% for their physics students[6].

B. Conceptual Framework: Community Cultural Wealth

Many studies in education research utilize frameworks
that value cultural capital from the most privileged groups,
which limits the discussion of the experiences of people from
marginalized and minoritized groups. To intentionally op-
pose this practice, we utilize a conceptual framework that is
guided by CCW[7]. CCW, which is rooted in Critical Race
Theory, calls into question the white-middle-class standard
and importantly highlights the valuable resources Communi-
ties of Color have to help them survive and adapt in exist-
ing institutions such as education. Furthermore, CCW works
to prove that these communities do have the necessary skills
to be successful, but institutions, such as education, do not
appropriately value them. Thus, CCW is largely focused
on shifting the idea from "fixing the students" to "fixing the
institutions"[8].

Yosso breaks down CCW into 6 different categories that
build upon Pierre Bourdieu’s idea of cultural capital. The six
forms of cultural capital are: Aspirational Capital, Linguistic
Capital, Navigational Capital, Social Capital, Familial Cap-
ital, and Resistant Capital. While each of the six categories
has its particular definition, they all work hand in hand with
one another, as seen in other studies that use this framework
(71[8].

* Aspirational Capital: The ability to have hopes and

dreams about one’s future, even in the face of barriers.

* Linguistic Capital: The skills attained through commu-

nication in different languages or styles. It relates most
often to translating, storytelling skills, and communi-
cation through art and music.

* Navigational Capital: The skills and abilities an indi-
vidual uses to maneuver through an institution. It is
heavily influenced by social connections.

Social Capital: The networks or groups an individ-

ual can establish. In education, these relationships are

student-to-student or student-to-faculty support. These

connections give students both emotional and naviga-

tional support.

* Familial Capital: The connections made through an in-
dividual’s family, community, or kinship. Examples in-



clude direct family, sports teams, or religious groups.

* Resistant Capital: The knowledge acquired through
oppositional behavior or behavior that challenges au-
thority.

To be clear "culture refers to behaviors and values that
are learned, shared, and exhibited by a group of people" [7].
Cultural capital as expressed by Bourdieu [9] and referenced
by Yosso refers to "an accumulation of cultural knowledge,
skills, and abilities possessed and inherited by privileged
groups in society." The idea of cultural wealth acknowledges
that there are multiple forms of capital that are learned and
shared within marginalized communities that students use in
educational settings.

II. RESEARCH DESIGN

The goal of this study was to determine which forms of
CCW participants affiliated with the APSBP utilize in educa-
tion and how the forms of capital used vary for different edu-
cational experiences. The goal of the interview protocol was
to encourage participants to engage in storytelling about their
experiences in the APSBP, including difficulties faced within
their education and how they worked to overcome them. With
these experiences, we could understand how participants in
the APSBP utilized specific capital and how that changed.

A. Data Collection

Students who participated in the APSBP for at least one
year at one of the original five APSBP sites were eligi-
ble to participate in this study. To find participants, we
asked APS for contact information for students involved in
the program. To date, eight semi-structured interviews have
been conducted with participants that self-identified as Black,
African American, Hispanic, Latino, Chicano, and Xicano
Rican born in Texas. Additionally, these eight participants
also self-identified as female, male/man, and non-binary. The
interview protocol consisted of eight questions/prompts and
follow up questions that were based on the interviewees re-
sponses.

1. Tell me how you became interested in physics.
2. Tell me about your decision to go to graduate school in
physics.
. Tell me about your decision to apply to the APS Bridge
Program.
. What kinds of challenges have you faced during your
time in your graduate program?
. What things have helped you overcome those chal-
lenges?
. Have you made or helped to make any changes in your
department?
. How much control have you had in your graduate ex-
perience?
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8. If you were to face a threat or barrier to your success
in graduate school what are the things you would do to
address that threat or barrier?

We wanted to encourage the interviewees to honestly share
their experiences. Thus, we did not gear our questions toward
any specific form of capital.

B. Analysis

Analysis of the interviews began with the creation of inter-
view transcripts. Tempkin and Cochran then coded the first
three interviews using a yes/no for whether or not a particular
code was present. A total of 18 codes were possible based
on the six forms of capital included in CCW and three dif-
ferent time frames: pre-college experience, when deciding
to participate in the bridge program or graduate school, and
during graduate school. The coders initially intended to have
separate categories for the decision to go to graduate school
and the decision to apply to the APSBP. However, after read-
ing the transcripts and prior to coding, the coders recognized
that most participants discussed making the decision to go
to graduate school and the decision to apply to the APSBP
simultaneously. Thus, these were combined to be one time
frame. This resulted in the 18 possible codes seen in Table
1. After comparing a spreadsheet of codes for each of the in-
terviews, Cochran and Tempkin discussed any differences in
coding. In interview 1, there was 100% agreement for all 18
possible codes. In interview 2, there was 88.9% agreement,
and in interview 3 there was 67% agreement. Based on this
first discussion, Tempkin and Cochran re-coded the first four
interviews. The overall inter-rater agreement post discussion
was 100%.

Inter-rater agreement is one method for researchers to con-
firm that they are conducting analysis in the way they intend.
We found that calculating inter-rater agreement - the degree
to which our codes were identical given that the option was
either yes/no for the 18 codes - was more beneficial than
inter-rater reliability, which measures the extent of variabil-
ity within a measure [10]. The method we chose to determine
inter-rater agreement was a percentage based on the number
of codes on which we agreed (as yes or no) for each transcript
and the number of codes for which we could have agreed, 18
in all cases. The choice for determining inter-rater agreement
is often a personal choice based on the research design [10].
In our case, it was helpful to determine inter-rater agreement
as Cochran was initially more likely to only code an expe-
rience as illustrating one form of capital. Post discussion,
Cochran was more careful to check for all forms of capital in
the experiences shared during the interviews as sometimes a
particular experience illustrated more than one form of cap-
ital. This change in Cochran’s method of coding resulted in
the higher level of inter-rate agreement among the coders.



TABLE I. Tempkin Analysis Chart for Interview 1

TABLE II. Examples of Capital Coding

Capital | Pre-College| Decision Making| Graduate School Code Interview Excerpt
Aspirational Yes No No Aspirational Capital "I thought it was really interesting that
Familial No No No we could use math and science to de-
. ibe the physical world around us. Af-
Social N Y Y sen pLySIca” W ,
.OCI%I © e e ter that I was like, alright I think I wanna
Navigational No Yes Yes do physics.” (Interview 2)
Resistant No No No
Linguistic No No No Linguistic Capital "So it was like I was missing a part of
me and not being able to speak that lan-
guage.... the other language I speak it’s
L. RESULTS hip hop, so I was able to get some of that

Our study showed that participants within the APSBP uti-
lize all six forms of capital during their educational experi-
ences. Table 2 includes selected excerpts from the interview
transcripts to illustrate the various forms of capital. One trend
seen in the data was that the majority of pre-college codes
were familial and aspirational capital. There were no pre-
college experiences coded as resistant or linguistic capital.
Secondly, most participants utilized navigational and social
capital during the decision/application process of graduate
school and/or the APSBP. Lastly, for all interviews familial,
social, and navigational capital were illustrated in relation to
experiences during graduate school.

A. Additional Findings: Familial Capital

When conducting qualitative research it is important to lis-
ten to the data. This requires noting what is there even if it
does not directly address your research question. From listen-
ing to the data, we found that familial capital was a vital form
of capital utilized by the participants throughout their expe-
riences. Several pre-college experiences were coded as illus-
trating familial capital and all of the transcripts included ex-
periences during graduate school where familial capital was
utilized. The authors noted that during the interviews, there
was a clear change in the physiological state of the partici-
pants as they discussed the role of family and the impact of
graduate school on their connection with family. One partici-
pant, who used the pseudonym Amaru, said

I'm the oldest of my siblings. My mom needs the
help, and it was always hard to not be around. At
the time I left for grad school, my little brother
was just born. So he was a baby, and he grew
up without me. He grew up without my accent,
without my way of being, and so it always felt
like I was missing out on the development of my
family. ...

Also being away from my family, my great
grandma passed away, and she was the last per-
son of her generation. Like, that was my last
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Navigational Capital

Social Capital

Familial Capital

Resistant Capital

off and speak that language ... I was able
then to make my own music which I then
laced with a little bit of physics, because
again, [ do speak physics." (Interview 8)

"Ultimately, I decided to switch and do
the research with the new advisor the
summer before the qualifying exam."
(Interview 1)

"Oh, it grew as I met people! ...there was
a student orientation for all the incom-
ing students, and the chair of the depart-
ment was really helpful in making sure
I had access to everything I needed and
knew where to get things like groceries
and...where to go to get a haircut. He’s
always been a really good support." (In-
terview 3)

"I probably called my parents an average
of once a day. Also, my girlfriend. Video
calling too...it helped ease any feelings of
loneliness that I had." (Interview 3)

"I would do well in the class and would
exceed the professor’s expectations for
me in the class. I guess a motivator to
do better in the class, now Imma show
the professor I'm capable of doing well
in your class." (Interview 4)

great grandparent alive and at this point [ was try-
ing to figure out my roots and figure out where
I come from because I had to learn about my-
self, and I never got a chance to ask her about
her grandparents ... So like if this was the movie
Coco, like that generation is now gone you know
what I'm saying. So not having the opportunity
to be around my family to ask those questions of
where I come from, it's a lot of information and
a lot of knowledge that grad school would never,
never ever provide for me.



Multiple participants discussed the impact of being away
from family. During Amaru's interview, Amaru mentioned
that other students in the APSBP were also struggling with
this issue and that they were trying to bring people together
who faced a similar challenge. Amaru discussed efforts to
"bring together other people who left their families behind, to
pursue a graduate education.”

B. Additional Findings: Socioeconomic and Ethnic
Background

In our analysis, we noticed that socioeconomic background
was a notable marker of difference [11]. We did not specifi-
cally ask participants about their socioeconomic background,
but socioeconomic backgrounds among participants clearly
varied. For example, one participant mentioned that her
mother was a medical doctor, while another participant men-
tioned that their family members were migrant farm work-
ers. So, we cautiously assume that the socioeconomic back-
grounds of these two participants are different.

Differences in ethnic background and socioeconomic back-
ground caused some participants to be isolated - even within
the bridge program. For example, one participant, who used
the pseudonym Jorge, said

Here, it's like I'm not connected with people. ...
it's very difficult for me to even interact with
other people. ...I do not connect with other grad-
uate students, including graduate students who
are from other minority groups and are in the
bridge program. I just don't have much in com-
mon [with them]. Yeah, I think that has been the
most difficult. Not the classes, not the research,
it's just interacting with graduate students includ-
ing the ones from the bridge program.

For other participants, sharing a similar socioeconomic
background helped them to connect even when they came
from different ethnic backgrounds. One participant con-
trasts the connection between bridge program participants
with other graduate students. He said,

All of us are either People of Color or Black, and
often we're ...first people in our family to go to
college and to have any type of degree. A lot of
us ...we come from poor economic backgrounds,
and maybe not all of our parents - thankfully
mine do! But maybe not all of our parents sup-
port even us being in a grad program. Things
like that, I would say. It's hard to find those com-

monalities between the other grad students as a
whole.
IV. DISCUSSION

This ongoing project has yielded important preliminary
findings. We found that all six forms of cultural capital were
evident in the experiences shared by the study participants.
CCW is a powerful way of acknowledging and understand-
ing the various resources that students from minoritized eth-
nic/racial groups bring to their educational experiences.

Given that this is a qualitative study it is appropriate to
explicitly state the trends that we found so that the reader
can determine the transferability of results to other popula-
tions and contexts [12]. We found that pre-college experi-
ences included a lot of aspirational and familial capital. This
seemed reasonable as many students develop interest in sci-
ence careers early in their educational journey due to fam-
ily encouragement. We found participants utilized naviga-
tional and social capital most when deciding to go to gradu-
ate school. This may be because the decision-making process
involves figuring out how and when to apply, and how grad-
uate school might be financed [13]. Finally, participants used
multiple forms of capital when faced with challenges in grad-
uate school. These experiences presented unique challenges
for participants, requiring them to incorporate all of their re-
sources to overcome those challenges.

Additional findings included the importance of familial
capital in overcoming challenges during graduate school and
also the impact that the graduate school had on familial re-
lationships. This finding led us to more questions. What are
the implications of "leaving family behind to pursue graduate
education?" What can be done to mitigate the negative im-
pact of this process? What changes in policies and practices
in education might eliminate this problem?

Prior to submission of this paper, Cochran presented these
findings to bridge program students at one of the APSBP.
They confirmed that these findings resonated with their ex-
periences. Future work will include continuing the member
checking process by sharing an expanded version of our find-
ings with participants and solicing feedback via written form
and interviews.

ACKNOWLEDGMENTS

The authors would like to acknowledge the participants,
Dr. Danielle Walker who assisted with data collection, the
Inclusive Graduate Education Network, and Dr. Corey Ptak
who assisted with the research design. This work is funded
in part by NSF Award# 2050950 and #1834528. The findings
included do not necessarily reflect the views of the NSF.

[1] R. Barthelemy, M. McCormick, and C.Henderson, Gender dis-
crimination in physics and astronomy: Graduate student expe-

372

riences of sexism and gender microaggressions, Physical Re-



view Physics Education Research, Vol 12, no.2, 2016.

S. Hyater-Adams, C. Fracchiolla, T. Williams, N. Finkelstein,
and K. Hinko, Deconstructing Black physics identity: Linking
individual and social constructs using the critical physics iden-
tity framework, Physical Review Physics Education Research,
Vol 15, no.2, 2019.

D.Sachmpazidi and C. Henderson, Departmental support struc-
tures for physics graduate students: Development and psycho-
metric evaluation of a self-report instrument, Physical Review
Physics Education Research, Vol 17, no.1, 2021.

S. Kanim and X. Cit, Demographics of physics education re-
search, Physical Review Physics Education Research, Vol 16,
no. 2, 2020.

M. Rodriguez, R. Barthelemy, and M. McCormick, Critical
race and feminist standpoint theories in physics education re-
search: A historical review and potential applications, Physical
Review Physics Education Research, Vol 18, no.1, 2022.

[6] T. Hodapp and K. Woodle, A bridge between undergraduate
and doctoral degrees, Physics Today, Vol 70, no.2, 2018.

[7] T. Yosso, Whose culture has capital? A critical race theory
discussion of community cultural wealth, Race Ethnicity and
Education, Vol 8, no.1, 2005.

[8] C. Samuelson and E. Litzler, Community Cultural Wealth: An
Assets-Based Approach to Persistence of Engineering Students
of Color, Journal of Engineering Education, Vol 105, no.l1,
2016.

[9] P. Bourdieu and J. Passeron, Reproduction in education, soci-
ety, and culture, (Sage Publications, London, 1977).

[10] LeBreton and J.L. Senter, Answers to 20 Questions About In-

2

—

(3]

[4

—

(5]

373

terrater Reliability and Interrater Agreement, Organizational
Research Methods, Vol. 11, 2008.

[11] G. Cochran and M. Boveda, A framework for improving diver-
sity work in physics, in Proceedings of the Physics Education
Research Conference, 2020.

[12] S.B Merriam, Qualitative Research in Practice: examples for
discussion and analysis (Jossey-Bass, California, 2002), Vol.1,
Chap. 1, p. 1-17.

[13] G. Cochran, T. Hodapp, and E. Brown, Identifying barriers
to ethnic/racial minority students’ participation in graduate
physics, in Proceedings of the Physics Education Research
Conference, 2017.

[14] M.C. Parent, C. DeBlaere, and B. Moradi, Approaches to Re-
search on Intersectionality: Perspectives on Gender, LGBT,
and Racial/Ethnic Identities, Sex Roles, Vol. 68, 2013.

[15] G. Cochran, M. Boveda, and C. Prescod-Weinstein, Intersec-
tionality in STEM Education Research, in Handbook of Re-
search on STEM Education (New York, 2020), Chap. 20.

[16] K. Rosa and F. Moore Mensah, Educational pathways of Black
women physicists: Stories of experiencing and overcoming ob-
stacles in life, Physical Review Physics Education Research,
Vol.12, no.2, 2016.

[17] J. Chun, G. Lipzitz, and Y.Shin, Intersectionality as a so-
cial movement strategy: Asian Immigrant Women Advocates,
Signs, Vol. 38, no.4, 2013.

[18] L. McCall, The Complexity of Intersectionality, Signs, Vol 30,
no. 3, 2005.





