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Social network analysis (SNA) has been widely used in physics education research (PER) in recent
years, but mostly in a limited range of the available modalities. This paper describes a unique approach to
egocentric, mixed-methods SNA applied to qualitative network data obtained from 100 interviews with
women and/or queer professional physicists. We focus on our methods for obtaining quantitative network
data from these qualitative sources and present novel techniques for the analysis of the networks. We also
examine the ways in which egocentric and mixed-methods SNA techniques are aligned with critical
methods and well suited to the study of difference, non-normativity, and experiences of marginalization in
physics spaces and communities. We explore the limitations and potential applications of these methods
and situate this work in the larger context of our study of these interviews. This work bridges a
methodological gap between SNA and qualitative work on identity in PER and begins to develop our

understanding of the way gender and sexual minority physicists experience support.
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I. INTRODUCTION

Social network analysis (SNA) is a set of tools and
techniques developed in the social sciences for studying
groups of people based on their connections. SNA has been
used broadly in social science disciplines, including in
physics education research (PER), a discipline in which
multiple scholars have written guides promoting SNA’s use
as a method [1-4]. While SNA’s quantitative versatility and
deployment of spatial description may make it especially
attractive to physicists, there are additional ways to use
these tools for new and unique results.

As Traxler et al. suggest in an earlier paper from this
project, we are only consistently using part of the available
modes of inquiry that SNA affords [4]. The authors find
that most SNA studies in PER take a whole network
approach, meaning that researchers try to construct net-
works that represent whole groups of people (like the
students in a physics class), rather than adopting an
egocentric network approach by constructing their net-
works around individuals. They also find that researchers in
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PER tend to use SNA in quantitative contexts, often not
including the qualitative power that SNA affords.

This article offers a unique methodological approach to
SNA that proposes using both egocentric and mixed
methods SNA (MMSNA, mixing qualitative and quantita-
tive approaches) due to their flexibility and ability to deal
with nuanced data that reflect the complexity of personal
experiences. Because of this ability to attend to personal
experiences, we also argue that these expansive approaches
to SNA methodologies are well aligned with research
guided by critical theories and disciplines (e.g., gender
studies, queer theory, and ethnic studies).

The specific methods we discuss are from a project
that examined the professional support networks of
gender and sexual minority (GSM) physicists [5]. We
conducted interviews with 100 women and/or LGBTQ+
Ph.D.-holding physicists in which participants discussed
their career trajectories and support networks that influ-
enced their professional journeys. They also created a
visual artifact representing the people and communities in
their personal networks. The network analysis component
is one of several qualitative and mixed methods analytical
approaches that our team is applying to this dataset. The
study aims to better identify and understand the systems
of support that successfully retained GSM physicists
through a Ph.D., so we might provide recommendations
to institutions and professional societies to better support
these physicists going forward.

Published by the American Physical Society
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This paper only explores and explains the methods we
developed for this project. It does not interpret or compare
the networks—that will be the subject of a forthcoming
results paper. We begin by briefly introducing and discus-
sing critical theory (Sec. II A), which is the theoretical basis
we use to approach sociocultural questions around diver-
sity, equity, and inclusion (DEI) in the larger project. Next,
we provide background on SNA (Sec. II B) and examine
how it has been used in PER, concluding with an
examination of egocentric and MMSNA and a discussion
of why they are the most appropriate approach to critically
aligned SNA work. We also provide background on the
larger study (Sec. I C) before describing the methods we
are using to construct and analyze our networks (Sec. III).
We conclude with a discussion of novelty, limitations, and
potential applications of our method and forthcoming work
on this project (Sec. IV).

II. BACKGROUND AND THEORY

A. Critical theory

Critical theory is a mode of inquiry and body of
sociocultural theory that encompasses subresearch areas,
including but not limited to queer theory, feminist theory,
and critical race theory. That is not to say that these modes
of inquiry have not come into conflict or disagreement with
one another, but that they are often cited together as
examples of critical work. As Horkheimer, a very early
critical theorist, has said, critical theory is “dominated at
every turn by a concern for reasonable conditions of life,”
(p- 199) especially the betterment of life conditions for
oppressed peoples [6]. Critical theories provide a way to
critique, analyze, and understand power systems and
structures and call attention to the way those systems
and structures control, subjugate, and exploit their con-
stituents and surroundings [7]. They also call attention to
the socially constructed nature of widely held social norms
and fixtures such as gender, race, and patriarchy, inviting us
to consider whether such norms are natural and universal or
socially constructed and context-dependent. In seeking to
understand and report on complex sociocultural phenom-
ena like support for marginalized physicists, we choose to
let critical theories inform our approach so that we might
prioritize the needs of oppressed groups, interrogation of
powerful systems, and emancipatory aims.

Although the methods presented in this paper are in
some ways informed by critical theories, the design and
goals of the larger project are informed by critical theories
more directly. See an earlier publication from this project,
Gutzwa et al. [5], for a review of the way critical theories
have led to a framework that complements the project’s
dataset overall, especially in our understanding of science
identity [5]. Methodological trends in critical work have
still shaped the methods presented here, and through the
remainder of this section, we explain those connections in

an effort to show the alignment of these (not explicitly
critical) methods with critical methods.

Critical theories share approaches to research that priori-
tize personal experience and voice, especially in under-
standing unique experiences of minoritization [8]. We see a
strong motivation to uncover the theoretical underpinnings
and historical context of powerful norms and social systems
—often an answer to the question of “who benefits from it
being this way?” These ideologies manifest in critical
research methods in a few ways. First, there is a need to
work with qualitative data, as these are the only data that
could fully preserve the thoughts and feelings of study
participants. Second, it is important for study participants
to have as much agency as possible in the study process so
that the study can actually serve to improve their living
conditions [9]. Finally, a critical research design should
include an acknowledgment of the researcher’s subjectivity
and reflection on the way the researcher’s identities and
experiences could have influenced the research process. This
can be accomplished through a description of positionality
and personal stake in a project, clear reporting about the
exchange of information and ideas between researcher and
study participants, and inclusion of varied perspectives and
experiences on the research team. Through the remainder of
this section, we note aspects of our methods that are aligned
with the facets of critical methods presented here.

1. Author positionality

Most members of the research team are either currently
experiencing or have formerly experienced doctoral-level
graduate programs in physics while holding minoritized
identities; it is our own experiences navigating inequity and
of seeing others experience intersecting modalities of
domination and inequity that bring us to the present work.
All authors except two (Gutzwa and Donis) completed or
are currently completing doctoral degree programs in
physics, applied mathematics, and/or physics education
research. Gutzwa completed a doctoral degree in higher
education, and Donis is currently completing an under-
graduate degree. As such, our professional and personal
experiences in physics and higher education more generally
have heavily shaped our interpretation of findings, as well
as the ways that Gutzwa, Amaral, and Swirtz engaged with
participants during data collection. Our varying goals and
interests align in dedication to improving equity in science,
technology, engineering, and mathematics (STEM) and
thus serve the ultimate goal of this project.

Beyond the general commonalities of our experiences,
our individual experiences and identities also shaped our
engagement with the findings shared in this manuscript.
Chase (Hatcher, he/him) is a white Ph.D. candidate in
physics with a background in physics education research
and an interest in teaching physics at the university level
after completing his degree. He joined the project after data
collection and the first round of qualitative coding were
complete and has had no interaction with the study
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participants. He does not embody any identities commonly
marginalized in physics and is motivated to undertake this
work less by personal experiences with inequity and more
by observations of inequity as experienced by others. He is
interested in SNA as a means of studying communities of
learners with a focus on relationships, emancipatory
approaches to STEM education, and making physics
communities more welcoming for diverse physicists. His
work on this project represents a confluence of these
interests as well as a means of serving his teaching goals
by providing material for his dissertation. Lily (Donis, she/
her) is a white, disabled woman currently completing an
interdisciplinary undergraduate degree focused on public
health with plans to pursue a doctoral degree. While her
career and educational goals do not include physics, she
works in a physics education research group and was
highly motivated by her studies to approach the quantitative
analysis in this project with a multitude of perspectives.
Justin (Gutzwa, they/them) identifies as a white, trans,
nonbinary, queer, disabled scholar-practitioner and cur-
rently serves as an assistant professor in a college of
education at a large public university in the United
States. Their status as a higher education scholar was often
discussed in interviews as a mode of disrupting the tradi-
tional expectations of identity avoidance that participants
might have held entering a STEM education study, and
their prior experiences navigating doctoral programs as a
trans student and advocating for racial and gender-based
equity reformed within the microcosms of the research
teams they worked on as a graduate student created avenues
for shared empathy with the experiences participants shared
during interviews. Ramoén (Barthelemy, he/him) is a queer
Hispanic physics education researcher who has worked on
issues of gender and lesbian, gay, bisexual, transgender,
queer (LGBTQ+) identity in physics and astronomy for
over a decade. He came to this work as both a physicist and
a member of the community being studied. Camila
(Amaral, she/her) has been read as white in her home
country, and since coming to the United States is easily
recognized as Latina, experiencing part of the racism and
exclusionary behavior typically directed toward Latina/o
people. Her identity as a queer Woman of Color was
perceived during interviews with people who shared those
identities, which to some extent shaped the process of data
collection and analysis. Madison (Swirtz, they/them) is a
queer white graduate student in physics education research,
and as such is currently navigating the struggles of being
visibly queer as a graduate student in a physics department.
Several participants viewed them as a young researcher to
be nurtured, and as such spoke about their graduate
experiences as a way to give advice and offer mentorship.
Adrienne (Traxler, she/they) is a white physicist. Her career
trajectory (physics to education to applied mathematics to
physics to science education) has sometimes placed her in a
peripheral position or required careful framing to find jobs

in physics departments, which shapes her reading of
participants’ comments on career transitions. Finally,
Charles (Henderson, he/him) is a white male physics
education researcher who does not identify in the com-
munities discussed here, but has been an active mentor and
ally to the co-authors conducting this work, and more
broadly in the physics education research community.

2. Critical work in PER

Critically informed work is not new to PER—here, we
briefly review some key papers in critical PER to highlight
their implications for methods and to serve as resources in
connecting critical theories to PER. Traxler et al. propose a
more nuanced treatment of gender in PER and provide an
introduction to the ideas of gender performativity, an
introduction to intersectionality, and a review of the ways
researchers in PER have studied gender [10]. They suggest
transcending the “gender gap” framework so common in
PER and doing qualitative work around gender. The first of
these suggestions has informed the design of this project
overall, and the second has led to a mixed-methods (mixing
qualitative and quantitative) approach to this study, which
we explain in more detail in the next subsection. Swirtz and
Barthelemy examine queer methods in PER and suggest
ways to further queer both quantitative and qualitative
methods [11]. Some suggestions include allowing self-
identification in surveys, avoiding normalization to major-
ity populations, breaking boundaries between participants
and researchers, and incorporating researcher and partici-
pant positionality in analysis, all of which have been taken
up by the larger project and/or by this study. Rodriguez
et al. discuss critical race theory and feminist standpoint
theory in general and in the context of PER and the
theories’ implications for both qualitative and quantitative
work in PER [8]. Among other suggestions, the authors
emphasize the centrality of experiential knowledge of the
oppressed and reporting results from participants’ words
and perspectives, both of which are key features of the
methods presented here.

There are more examples of critical work in PER and
more researchers engaging with critical theorists, including
work on Black physics students and race in physics by
Hyater-Adams and co-workers [12,13], Rosa [14], and
Cochran et al. [15], work on gender in PER [16-19], and
work on LGBTQ+- physicists [20-25]. This is not meant to
be an exhaustive review of such work and authors, just a
review of studies offering commentary on critically aligned
methods that have direct relevance to this study. In the next
section, we look at our methodological approach, SNA,
more closely and discuss choices that better align this
approach with critical methods as described here.

B. Social network analysis

Social network analysis (SNA) methods characterize
groups of people by analyzing the connections between
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the people, certain qualities of the people, and sometimes the
qualities of the connections themselves. We can describe
characteristics of individuals in networks by examining their
relationships to the rest of the network, or we can describe
characteristics of the entire network [26]. SNA incorporates
elements of graph theory, which is a body of knowledge and
algorithms concerning ways to arrange diagrams to convey
certain information, particularly in representing networks
visually [27]. Graphical representations of social networks,
often referred to as sociograms or simply graphs, feature
nodes (or people or actors) as solid shapes like dots, and
edges (or connections or ties) as lines connecting them. By
representing networks using different methods and arrange-
ment algorithms, we can encode information and highlight
different features of the networks, such as tight-knit groups of
people, particularly well-connected people, or particularly
isolated people [28].

SNA often involves the use of quantitative metrics that
describe various real aspects of networks or individuals.
Some of these are whole network measures or structural
properties such as global density, which is the ratio of the
total number of edges to the total number of possible edges
in a network. Density may tell us how quickly a trans-
ferable entity like information could travel through an
entire network (higher density meaning more potential for
quick transfer) [29]. Perhaps more commonly, SNA is used
to quantify characteristics of individuals in the network or
node properties. Many node properties are measures of
centrality, a family of measures that capture the prominence
of individual nodes within a network based on their
position in the network. It can signify connectedness,
importance, influence, or other qualities about a person,
depending on the measure being used and the nature of the
network. For example, degree is the total number of ties a
node has, so we could think of it as a way of measuring the
extent of an individual’s immediate connectedness within a
network. As another example, betweenness is the number
of shortest paths between pairs of other nodes that pass
through a given node, so it relates to the importance of
being an intermediary between others in a network [30].
These examples illustrate how different ways of measuring
centrality might capture different dimensions of promi-
nence or importance in a network and are a sample of the
wide variety of quantitative SNA metrics.

1. SNA in PER

PER researchers have developed their own guides for
using SNA and have started calling on the community to
explore applications of this set of tools [1,3,4]. A common
use case is networks of students based on their enrollment
in the same class. In a 2017 study by Zwolak et al., students
who were more central in “meaningful interaction” net-
works developed in their modeling instruction physics class
were more likely to continue in physics [31]. Brewe et al.
found that, in a network of university physics students who

helped each other with homework in a physics learning
center, gender and ethnicity variables did not predict
centrality, indicating that this learning center was perhaps
less exclusive than other physics spaces [32]. Other studies
have investigated student networks based on laboratory
interaction [33], collaboration on repeated group exams
[34], and long-standing friendships [35]. In addition to
networks comprised of students, researchers in PER have
also studied networks comprised of faculty—based on their
discussions of teaching with each other [36]—as well as the
types of interaction that teaching assistants have with
students [37].

Researchers in PER are also employing different types of
methods in their approach to SNA, which we could group
into qualitative, quantitative, or mixed methods. For a
detailed review of these methodological approaches to
SNA in PER in recent years, see aforementioned review
of Traxler et al. SNA methodologies in PER, of which this
paper is meant to be a continuation [4]. In it, the authors
show that most of the recent SNA work in physics has been
quantitative, which, while not a problem, does not afford
the same analytical power for nuanced and complex social
dynamics. For this reason, the authors have promoted the
adoption of mixed methods SNA (MMSNA), which would
employ some combination of quantitative and qualitative
work. According to Crossley and Edwards, quantitative SNA
is useful for characterizing and exploring patterns of con-
nections, but not so much for understanding the mechanisms
underlying those connections, which is where qualitative
analysis can be most helpful [38]. Another way to frame the
distinction is quantitative work giving an “outsider” per-
spective on the network, while qualitative work gives an
“insider” perspective, since such work would usually be
based on personal accounts from members of the network.

Traxler and collaborators’ paper also examines the modes
of network construction and representation that have been
used in PER in recent years, focusing on sociocentric (whole
network) and egocentric (person-centered) as the two main
approaches. They note that the overwhelming majority of
SNA studies in PER have used sociocentric approaches,
which involve trade-offs in how complexity and scope are
treated, depending on study goals. We examine egocentric
approaches more closely in the next subsection.

2. Egocentric SNA

The most common way to perform SNA in PER is in a
sociocentric (or whole network) study, which means the
network represents the complete set of connections among
a group of people. Most of the examples we have presented
so far have been sociocentric studies—in education con-
texts, this might mean that the researchers use a survey to
collect connection information from each individual in a
classroom in order to represent the whole network.
Sociocentric methods are useful in cases where the network
may be clearly bounded (like a classroom or a school) and
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are ideal for answering questions that pertain to those whole
groups, for example, about clustering tendencies among
students after assigning them new groups to work in or
about centrality as it may be related to scores on a test.

However, sometimes we may be more interested in
individuals and in the way their network affects them or
the way they affect their network. In those cases, we may
look to egocentric network analysis, which involves the
study of social networks as they are defined by and around
one person, called the ego. There are a few key differences
in the affordances, limitations, and required perspectives of
sociocentric and egocentric studies. Structurally, an ego-
centric network could be seen as a subset of a whole
network, where one node’s connections to others would
comprise their ego network. Otherwise, the only structural
difference between a whole network and an ego network is
that an ego network necessarily has one node (ego) that is
connected to all others (alters). A small example of an
egocentric network is shown in Fig. 1.

A key difference between sociocentric and egocentric
approaches comes from the way the two types of networks
are constructed. Whole networks are usually constructed
from relational data gathered from each member of a group
in which they describe their relationships with all other
group members, whereas egocentric networks are con-
structed by the ego identifying all members of their network
(alters), their relationships with them, and sometimes rela-
tionships among alters. They might also describe other
characteristics of their alters, such as age or race. In both
cases, there is an assumption that an individual providing
data can accurately describe their relationships with other
people, but egocentric studies may have the added burden on
the part of the ego of describing other people’s relationships
and demographics, which involves the same (and perhaps
more) subjectivity, but not on the part of the subject. So, one
limitation of egocentric studies is that all network informa-
tion comes from one person, and they may not always be the
best source for network characteristics that go beyond their
immediate relationships [39].

Alter

¢

Ego

FIG. 1. Example egocentric sociogram featuring connections
between alters.

A benefit associated with using egocentric techniques is in
the way it allows us to draw conclusions or make proposi-
tions from the data. Since the ego is only meant to be an
example of some more general population, they actually
serve as a sample of that population and afford the same
generalizability as does any sample from a larger population
[39]. On the other hand, the whole network is meant to
represent the population itself, so there is no generalization to
a larger population, only characterization of the specific
population comprising the network, assuming the research-
ers can accurately capture the whole network. Neither
generalizing from a sample nor characterizing a population
is necessarily better, but depending on the context, and
especially when the population in question is too large to
survey, the “sampling” perspective associated with egocen-
tric methods is useful.

Though egocentric analysis is less common than socio-
centric analysis, there are still a few relevant PER studies to
review. A 2013 paper by Goertzen et al. describes their study
of the effects of reforms implemented in introductory
university physics, which they investigate by looking at
three students’ attitudes about learning physics, connections
in the physics classroom, and relationships in the physics
community [40]. The authors use egocentric network analy-
sis after gathering information about students’ ties and
relationships and link the students’ expanded physics net-
works to successful reforms in the physics classes. It seems
that the authors’ choice to use egocentric methods has a lot to
do with their desire to get an in-depth understanding of a few
students’ experiences in physics. Another study by Wu and
collaborators examined differences in interactions between
instructors and students in traditional and nontraditional
(explorative) labs [41]. They used video and audio recording
data of lab sessions to log interactions between one instructor
and multiple students in the class, thereby constructing
egocentric networks with the instructor as ego. This is a
unique example of egocentric data collection in which the
subjectivity of the ego does not enter into the network
construction—in other words, their data collection process
more closely resembles that of a sociocentric study, except
that one instructor is clearly the primary interactor with all
students. So, in this example, the egocentric nature of the
study may have more to do with the nature of the labs than
with a methodological choice by the researchers.

3. Critically aligned SNA

A goal of this project is to analyze the networks of study
participants in a way that is attentive to how their intersecting
dimensions of identity (some of which are marginalized in
physics) have shaped their experiences. We turned to critical
theories as a body of work that can inform our treatment of
marginalized identities and explain how those theories have
shaped our approach to SNA. Specifically, we explain how
egocentric and MMSNA, while not explicitly informed by
critical theories, are aligned with some aspects of critical
methodologies.
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A common thread in critical work is the study of
personal experiences with oppression in order to under-
stand oppression, exemplified in standpoint theory, and its
variations as explained in greater detail (and in PER
contexts) by Rodriguez er al. [8]. It is easy to see why
egocentric approaches to SNA, which literally center the
individual in their own network, are aligned with this aspect
of a critical methodology. By using egocentric approaches,
we can ensure that the networks we construct are primarily,
if not completely, articulated from the study participant’s
standpoint, ensuring that their perspective is privileged in
our understanding of their experience. Another important
tool of critical methodologies is storytelling, or the use of
narrative data, which allows us to understand personal
experiences in context and opens the door for counter-
storytelling or stories that challenge norms [42]. The only
way that we could possibly include storytelling in an SNA
study is by having a study design with large qualitative
components or MMSNA. By using (and in our case,
prioritizing) qualitative descriptions of networks, we are
able to include more story-based understandings of the
networks. We are also able to potentially include mecha-
nistic descriptions of our networks, or explanations of how
and why certain aspects of the network are the way they are,
rather than just descriptions and characterizations of those
aspects. This is also aligned with another common feature
of critical studies, which is examining phenomena in
context and with some understanding of how they came
to be, not just how they are at one moment in time.

Critical methodologies also tend to feature a maximal
amount of agency on the part of study participants. As we
have discussed, this agency often comes in the form of
dialogue (rather than monologue) during data collection
processes such as interviews, reciprocity in information
sharing, and involvement in validating results through checks
and reviews. It also means that systemic and structural
intuitions about the study matter should come directly from
participants with little direction from the researcher—that is,
whatever hypotheses or preconceived notions a researcher
may have should not constrain the participants’ voice. Using
SNA presents a unique challenge here because it inherently
involves the imposition of structure (the network) on an
entity that may or may not be seen as having that structure
independently of the study [43]. For example, if a researcher
surveys a class of students on their connections and then
constructs a network from their responses, is the network
constructed by the students, by the researcher, or by both? We
may see the hand of the researcher in at least some part of the
network construction, which should give us pause, especially
as critical theorists have focused so heavily on the con-
struction of social structures as a way that power systems are
maintained and perpetuated.

If SNA generally has the drawback that it involves the
researcher in the construction of structures which may or
may not be otherwise present (according to the study

participants/network constituents), it may be wise to work
with SNA modalities that ensure the largest amount of
agency on the part of the study participants in constructing
the network. Egocentric approaches typically involve one
person (the ego) describing their connections with and
qualities of their alters, essentially building the network
themselves. It may be the case that the structure the ego
describes may not have existed for them until the researcher
asked them to build it, meaning the researcher and their
name generator had some role to play in the network’s
construction, but we could at least say that the burden of
network construction lies with the study participant, which
we might not be able to say for sociocentric analysis.
Better, still, is if study participants are given the opportunity
to visually construct their network as well, since the
researchers using SNA will usually visualize the networks
themselves. In fact, other studies on the use of visual tools
in data collection have found that such techniques empower
and give agency to users while also allowing for the
articulation of unique perspectives [44.,45].

While SNA in general may not be designed to focus on
things that critical theories focus on, like intersectionality,
experiences with oppression and oppressive power systems,
and challenges to widely held norms (the focus is instead on
interpersonal connectivity), the best way that we can feature
these topics in an SNA study is through qualitative data, so
we again see a reason for using MMSNA in a critically-
aligned SNA study design. Data on topics of power and
oppression would more likely come from less SNA-oriented
study design features (i.e., interview questions that probe
these areas) and an eye for such discussions when analyzing
the dataset, but the inclusion of qualitative data collection in
the study design would be the bare minimum for allowing
such topics to enter the analysis. The further inclusion of
egocentric methods and visual tools for data collection, while
again not explicitly derived from or informed by critical
methods, is aligned with the person-centering techniques in
critical methods and serves to make the combination of
egocentric and MMSNA perhaps most appropriate of all
SNA modalities for the study of normativity, difference, and
minoritization in physics.

C. This project

The larger project, of which this study is a part, is
motivated by a noted gap in the PER community’s under-
standing of what support looks like for GSM physicists—
much of the research on the experiences of GSM physicists
has been focused on their experiences of marginalization
and discrimination, and the only study we have found that
looks at experiences of support (McCormick et al. [46]) is
focused on astronomy graduate students, not professional
physicists [46]. Also, despite there being plenty of critical
work in PER and SNA work in PER, we have not found any
critical SNA work in PER. This project addresses the
content gap on success and support of professional GSM
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physicists and the methodological gap between critical and
SNA work in PER.

Our approach was to conduct and analyze interviews with
women and/or LGBTQ+ Ph.D.-holding physicists in differ-
ent career sectors (government, industry, and academia). The
interviews focused on career trajectories and experiences of
support, and since we were also interested in our participants’
professional networks, the interviews also served as ego-
centric network name generators. Much of the analysis our
team is doing on this dataset is qualitative and based on
thematic coding of the interview transcripts, but the present
study takes an SNA approach to the dataset. By using
critically-aligned SNA methods applied to qualitative ego-
centric network and interview data, we develop a compre-
hensive understanding of the way professional support
networks function and differ among physicists in different
career sectors and with different dimensions of personal
identity. Our hope is that, with a better understanding of our
study participants’ support networks, we can make recom-
mendations to institutions and professional societies on how
to better support similar physicists going forward.

III. METHODS

In this section, we review our methods, starting with our
interview process and focusing on the parts of that process
oriented toward network construction. Next, we describe
our thematic coding process, again focusing on aspects
most relevant to network construction and analysis. Then,
we describe our data processing from thematic codes to .csv
files that are more usable in coding environments, and we

name name name nhame hame

name name name hameé name

name name name hame name

name name hame nam: name

group group group grouj group

group group group gdrou| group

describe the computer coding that leads to visual and
statistical analysis of our dataset.

A. Interviews

Our dataset consists of transcripts of recorded interviews
conducted with 100 women and/or LGBTQ+- Ph.D.-holding
physicists. Our interviews served as both a source of
qualitative data concerning our participants’ professional
experiences as well as a name generator for their support
networks. Some questions were drawn from prior studies of
support networks from an “exchange” perspective [47],
adapted for workplace contexts. Others used a more “role”
perspective, not centered on specific exchanges, such as
asking about mentor figures. We used a semi-structured
approach in the interviews, meaning interviewers would
follow a protocol but would change question order, ask
additional follow-up questions, or change the language of
questions in real time to allow for a natural conversation
pattern and to attend to the overall goals of the interview [48].
The full interview protocol is available in the Appendix.

1. Sociograms

During the interviews, we asked participants to add
people to sticky notes on a Google Jamboard as they came
up in conversation. Unfortunately, at the time of writing,
Google Jamboard has been discontinued, though we were
able to archive all sociograms as PDFs. A blank Jamboard
(sociogram template) is shown in Fig. 2. This template is
based on one described by Antonucci [49], and our
approach to using it is based on guidance from Hollstein

FIG. 2. Sociogram template as Google Jamboard.
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and collaborators [50]. Typically, the interviewer would
explain the intended use of the Jamboard at the beginning
of the interview, and some participants would add names to
the Jamboard as they spoke without prompting from the
interviewer, while some would do so after prompting. Some
also placed the sticky notes on the concentric circles of the
Jamboard, while some left them to the side. Either way, at
the end of the interview, the interviewer would ask the
participant to arrange the sticky notes on the concentric
circles according to closeness, which participants were
sometimes asked to define in their own words. This
typically meant that participants would place people they
were closest to (often partners, family, and close friends and
colleagues) near the star at the center that represented the
participant. Their definitions of closeness were varied and
interesting in their own right because they reveal which
qualities delineate the “inner circle” from the rest of their
network. A forthcoming study from this project looks
specifically at this feature of our methods and how
participants defined closeness, and preliminary results
suggest that trust, relaxed boundaries, reliance, and support
are especially important markers of close relationships.
The interviewer would also ask participants to indicate
which of their alters knew each other by drawing lines (using
a built-in drawing tool) connecting them or closed loops
around them, indicating groups of people who knew each
other [51]. Again, participants were left to determine what
constituted “knowing” someone to themselves. With the
alters placed on the Jamboard and connections among alters
indicated, the Jamboards serve as sociograms (visual repre-
sentations of social networks). Our interviews typically

concluded with the interviewer asking for demographics
such as race, nationality, gender, and sexuality about each
alter. Sometimes, usually due to time constraints, this
question was left out, or our participants answered it in
varying ways such that we do not have complete demo-
graphic information for many of the alters. A fictionalized
example of a completed sociogram is shown in Fig. 3.

B. Thematic coding

We used an emergent thematic coding scheme based on
constructivist grounded theory [52], meaning that we iden-
tified and marked common themes in the transcripts during
initial reads, comprising the initial codebook. We further
refined the codebook over the course of subsequent reads and
discussions, keeping in mind the theoretical framework of
professional support we were primarily investigating. The
coding team (Gutzwa, Swirtz, Amaral, and Traxler) coded a
subset of interviews multiple times to establish interrater
reliability and continued to discuss and refine the codebook
as they went. They used MAXQDA, which is a software
program designed for working with qualitative data.

As part of the qualitative transcript coding, the team
included two first-level code categories related to network
data in the interviews: connection nodes and nodal support.
As participants mentioned other people or groups relevant to
their professional journeys, they would be coded as a
connection node with a corresponding subcode and sub-
subcode indicating one or more affiliations and/or relation-
ships to the participant (e.g., “Collegial and Supervisorial” >
“coworkers/peers”). When relevant, these mentions of alters

name name

name name name hame npame

name name name hame pame

name name hame ham« name

group group group

group group group grou| group

Graduate
Advisor

Friend
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school Women's
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Conference /
Acquaintance

Friend

from grad
school Therapist LGBT+
affinity
] group

Postdoc
advisor

Current
Coworker

Current
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Current
Coworker

Current
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FIG. 3. Fictionalized example of a sociogram showing alter connections.
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would also be coded with the types of support they are
associated with or a gap in support, which did not have an
associated type but which often had a type indicated by other
nodal support codes. In this way, the qualitative coding
process, which has and will continue to serve other studies
related to this project, also serves as the starting point for the
network data coding. All code categories and sub-categories,
with network data codes emphasized, are listed in Table L.

1. Network data coding
After the initial round of coding, which included all of

the code categories in Table I, our team developed a

TABLE L

secondary coding scheme for network data. The goal of
this second coding round was to generate quantitative
network data from the qualitative network data that was
coded in the interview transcript and to associate network
data with named alters. We were interested in keeping track
of each time an alter was mentioned for two reasons: (i) to
have some quantifiable measure of importance or promi-
nence and (ii) to keep track of the qualitative content of each
mention of an alter (as in, to know what type of support that
specific mention was associated with, or which professional
relationship was salient in that mention). This round of
coding took place in a spreadsheet (the “nodes” sheet) in
which each mention of an alter was added as a new line with

Codes, subcodes, and sub-subcodes used for coding interviews. Codes leading to network data are bolded.

First level Second level

Third level

Connection nodes Individual

Group

Institutional

Collegial & Supervisorial

Nodal support Identity-based support
Physical closeness
Networking support
Community building support
Career advice support
Emotional support

Material support
Instrumental support

DEI initiatives/policies

Gaps in support

Career movement Job movement

Sector movement

Partners

Friends

Family

Other

Subfield
Group/listserv
Conferences

Affinity group
Undergraduate program
Graduate program
Postdoc

Past job

Current job

Future job
Bosses/supervisors
Mentors (professional)
Mentees/direct reports
Coworkers/peers

Searching for jobs
Being offered jobs
Pulling into job
Pushing out of job
Pros of job

Cons of job

Pulling into sector
Pushing out of sector
Pros of sector

Cons of sector

(Table continued)
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TABLE 1. (Continued)

First level Second level

Third level

Individual values Sector comparison
Identity-based values
(Inter)personal values

Sector values

Career values

Functional values

Secondary analysis

Academia

Industry

Government

Self-concept

Professional/academic identities

Social Identities

Family needs

Personal goals/values

Location-based values

Positive sector culture

General sector culture

Negative sector culture

Thoughts on changing/staying in careers
would (not) recommend career path to others

Job responsibilities

Being professor/teacher

Being physicist/researcher

Being mentor/supervisor

11 codes, including: “COVID,” “Good quotes,”

“outness,” and “explicit discrimination”

checkboxes indicating all relevant relational (connection)
and nodal support codes and the transcript line number. We
added an additional checkbox called “dissonance,” which we
marked when the mention included some indication of
interpersonal tension, friction, or a feeling of “I don’t like
them,” since we found that such feelings were important but
not always captured by our nodal support codes [53]. We also
specified types of gaps in support since those were not
explicitly marked in the first round of coding.

The two coders for the network data (Hatcher and Donis)
coded some interviews together to establish reliability, but
generally engaged in little interpretation of the data since
the network data were already coded in the first round—
they were primarily associating those codes with specific
alters. Still, there were cases where the combination of
interview transcript, audio recording, and screen recording
of the Jamboard left the identity of an alter being discussed
or which codes belonged to which alter ambiguous, and in
those cases the coders met to discuss and assign alters to
codes. We discuss such cases in more detail in Sec. IV C.

The secondary round of coding also included recording
connections between alters in a spreadsheet (the “connec-
tions” sheet). This took form as a two-column list of names
in which each pair of side-by-side names was connected—
an edge list. These connections came from the sociogram
itself, since participants were asked to indicate which of
their alters knew each other. When multiple alters were
defined as a group (usually by a closed loop drawn around
them), we recorded connections between each group
member. Each ego was also included in this spreadsheet
as being connected to every alter in their network. All of

this was done to prepare our data for input into SNA
programming environments that typically take two-column
lists of names as connection data inputs.

After this secondary round of coding was complete, we
further manipulated the Nodes sheet to make it easier to
import into SNA software, which typically requires lists of
nodes with all attributes in additional columns. In our case,
this meant making a copy of the Nodes sheet and
consolidating all mentions of each alter (rows in the
spreadsheet) down to one line, which contained all of
the codes associated with that alter. For example, if Alter A
was coded as a boss or supervisor associated with a gap in
material support in one instance and then as a Mentor
associated with career advice support in another instance,
those codes (along with any other codes that alter may be
associated with) would all be recorded on one line so that
Alter A would show up in that ego’s network as a boss or
supervisor and mentor who was associated with both career
advice support and a gap in material support.

This consolidation procedure is one of the clearest
examples of the way that our SNA approach reduces
complexity in our dataset in order to conduct meaningful
quantitative analysis. We lose information about the way that
the alters’ associated codes appear in different contexts in the
interviews, so our networks are ignorant of whether the
various professional relationships or types of support our
alters are associated with became associated with them all at
once, in different conversational settings, in different tem-
poral settings, or something else. We see this as a necessary
simplification to make, since we want to examine alters
holistically (across time, context, and ego affect), and since
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FIG. 4. Sociogram template with numbers indicating Proximity values assigned to sticky notes placed at those radial positions.

our interview and coding processes did not attempt to
account for an exact and linear professional timeline for
our participants (this was an intentional decision partially
based on theories about differences in the way queer people
experience time, especially around normative life progres-
sions) [54]. We also retained the original spreadsheet, which
includes line numbers for each separate mention, so the more
detailed information can be used in future analyses.

2. Additional quantitative parameters

We created a parameter called “Mentions” to track the
number of times an alter was mentioned. We distinguished
between mentions of alters that were prompted by the
interviewer versus those that happened as a result of a less
direct question. For example, a mention of a Ph.D. advisor
that followed an interviewer statement like, “Tell me more
about your Ph.D. advisor” would be marked as a prompted
mention, whereas one that followed a question like, “Who
did you go to for help in your Ph.D. program?”’ would not.
Ultimately, we decided to count prompted mentions as one-
half of an unprompted mention when calculating total
Mentions for each alter. This was based on the notion that
an unprompted mention represented slightly more promi-
nence, importance, or impact, but that a prompted mention
still represents some, even if it may be filtered through the
researcher’s interview process. Prompted mentions of alters
are an example of how researchers (interviewers) can shape
our data, since the interviewer makes a decision about
which alters to ask further questions about, but we see it as
part of a trade-off in using semistructured interview

protocols (the benefits being the natural and flexible mode
of conversation). We do not think the decision to reduce
prompted mentions to one-half of an unprompted mention
is the only reasonable approach to measure mentions,
especially since it flattens their varied nature, but we see
this also as part of a trade-off in the analytical power of
having a single parameter to use in analysis. We also retain
the line-by-line coding of mentions (and whether they were
prompted or not), so the data is not lost, just simplified in
the parameter.

Additionally, we added a parameter called ‘“Proximity”
that quantified the placement of an alter on the sociogram in
relation to the ego (represented by the star in the middle).
We used the concentric circles on the sociogram as
reference points to assign integer values for proximity
ranging from 1 to 8 based on the location of the center of
each sticky note. A diagram showing this coding scheme is
given in Fig. 4. Occasionally, study participants left alters
in the sticky note field rather than placing them on the
diagram. This could have been due to interview time
constraints, fatigue involved in constructing large net-
works, or uncertainty about how to assign position to those
alters—we are not sure. In those cases, we left Proximity
for those nodes blank, which became “N/A” in most coding
environments. We decided to call this parameter Proximity
instead of “Closeness” because, even though our partic-
ipants were asked to arrange their alters according to
closeness, closeness has a reserved meaning as a measure
of centrality in SNA contexts, and our participants had
varying definitions of what it meant to them.
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C. Computational analysis

In this section, we discuss and explain the computational
analysis included in our methods, all of which we coded in
R [55]. A simplified and less project-specific version of our
code, along with anonymized sample data, is available in
Supplemental Material [56].

1. Data preparation

The consolidation discussed in the preceding section
could be seen as front-end data preparation. This was done
by hand partly because of the user-friendly nature of
spreadsheets for data manipulation and partly so that any
errors or notes related to anomalous events in the spread-
sheet could be addressed. The back-end data preparation
came after the data were downloaded as .csv files and
uploaded to the programming environment, which in our
case was Rstudio [57]. Those data inputs are as follows:

1. Connections: Three-column matrix with interview
number (also functioning as ego identifier), name 1,
and name 2 as columns. Name 1 and name 2 are two
nodes to be connected in a network, including alter-
alter and alter-ego ties. This file contains all con-
nection data for all interviews.

2. Attributes: Contains name, associated interview
number, and all attributes (connection nodes codes,
nodal support codes [with separate columns for each

code in these categories], Proximity, Mentions, as
well as personal demographics for some) as separate
columns. Rows are individual alters.

3. Ego attributes: Contains name, associated interview
number, and all attributes (professional and personal
demographics, including employer, employment
sector, gender, and race) as separate columns. Rows
are study participants.

2. Metrics to calculate

We were interested in the metrics that revealed character-
istics of our study population’s networks, especially in the
way these values were distributed across our study pop-
ulation. Visualizing these distributions is both informative
and exploratory because it immediately gives an idea of
what a measurement of a given characteristic looks like for
the whole population as well as potentially giving direction
for further inquiry, especially if we find non-normal or
otherwise unexpected distributions. A table of the metrics
we calculated and their explanations can be found in
Table II.

The metrics and characteristics in Table II do not include
the ego as part of the network. Depending on research
goals, it may or may not be appropriate to exclude ego from
their network for the calculation of various metrics. Since
the ego is necessarily connected to all other nodes in its

TABLE II. Characteristics and metrics describing whole networks and their associated definitions.

Network characteristic
or metric

Description

Total nodes

Total groups
Percent groups
Total dissonance
Percent dissonance
Average proximity
Average mentions
Total support

Total gaps in support

Support to nodes ratio

Gaps in support to nodes ratio
Density

Diameter

Components
Largest clique

Cliques

Transitivity

Number of alters or groups

Number of groups

Percent of total nodes which are groups (total groups divided by total nodes)

Number of nodes carrying code for “dissonance”

Percent of total nodes carrying code for dissonance (total dissonance divided by total nodes)

Mean of proximity measures

Mean of mentions

Number of instances of support (each node could have up to nine associated types of support,
see Table I)

Number of instances of gaps in support (each node could have up to nine associated types of gaps
in support)

Ratio of total support to total nodes

Ratio of total gaps in support to total nodes

Global density or total number of connections divided by total number of possible connections
(IGRAPH’s edge_density function)

Largest separation between two nodes in the network as measured by the number of linking edges
(IGRAPH’s diameter function)

Number of isolated nodes or groups of nodes (IGRAPH’s count_components function)

Number of nodes in largest clique (fully connected component, would be total nodes if
components = 1, found with IGRAPH’s clique_num function)

Number of distinct cliques (fully connected components) of three or more nodes (from IGRAPH’s
max_cliques function; setting min = 3)

Global transitivity (sometimes called clustering coefficient), or the probability that adjacent nodes
are connected (IGRAPH’s transitivity function)
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network, they have at best a predictable and at worst a
confounding effect on network metrics. McCarty and
Wautich note that excluding the ego may be especially
important for understanding network mechanics that do not
involve them (gossip, for example), and that when
included, the ego will typically dominate the network, so
one would be studying the effect of the ego on the network
rather than the other way around [58]. Because we are more
interested in the effects of the network on the ego, and
because of the potential to confound results (diameter, for
instance, is always 2 with ego included), we choose to
remove ego from the network for these calculations. After
calculating all metrics and characteristics in Table II for
each network, we used histograms to visualize distributions
and look for areas deserving further inquiry.

3. Categorization

In addition to metrics and characteristics that describe
the entire networks, we were also interested in the compo-
sition of our participants’ networks based on a few
categorical identities of alters we could construct from

our codes. One way to examine the composition of partic-
ipants’ networks is through the earliest career stage, in which
they discuss their alters. We created a new categorical alter
attribute called “stage” which indicates the earliest career
stage with which that alter is associated. In this way, stage
represents a sort of “age” of a connection on an academic/
professional timeline, but not necessarily the overall nature of
the connection. The institutional connection node category is
most useful for this categorization, since the code types
follow a generally linear (and widely adhered to) progression
through a Ph.D. program and toward a career (undergraduate
program, graduate program, postdoc, past job, current job,
and future job). If an alter is coded as being associated with
ego’s undergraduate program, they would be listed as
undergrad in the stage attribute, regardless of whether they
were also coded for graduate program or any other con-
nection code. Other codes follow suit, except for past,
current, and future jobs. These were all coded as “job,”
since the amount of time spent in any of these positions
would be more variable than the academic positions, and
since they would all include the professional career of the
ego. If alters did not have codes for the institutional
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FIG. 6. Standard network visualizations made with EGOR, highlighting the uniformity of the arrangement algorithm.

connections category (e.g., family members), their stage was
categorized as “none.”

We were also interested in examining network compo-
sition based on a general relationship type. We wanted to do
this because the 18 connection node code types were too
compartmentalized and overlapped too much for intuitive
comparison. Instead, we added the attribute “Relationship”
for each alter and assigned categories according to group-
ings of the 18 code types and based on common relation-
ships. For example, the relationship category “Groups”
would be assigned to any alter coded as Group/listserv and/
or Affinity Group and nothing else. We ended up with eight
relationship categories: peer, mentor, groups, Friend (pro-
fessional), friend, family/partners, mentees, and boss. The
relationship category, unlike stage, does try to represent the
overall nature of a connection.

D. Network visualization

Visualization is one of the primary tools for analyzing
networks. Different layout algorithms make certain features
especially visible, and color, shape, and other visual cues can
encode information. We used a combination of arrangement
and encoding to highlight various features of our networks.
Visualization techniques represent the bulk of the code we
have made available as Supplemental Material [56].

1. Standard visualization

We use this term to refer to direct visualizations of our
networks that include all nodes and connections without
additional rearrangement or consolidation. We used three
main R packages to produce standard visualizations: IGRAPH
[59], TIDYGRAPH [60], and EGOR [61]. The first two are
widely used for general network analysis, while the third is
for egocentric analysis and visualization specifically.

Using IGRAPH and TIDYGRAPH, we generated standard
visualizations that encoded information about Proximity
and Mentions using node color and size, respectively. We
were also able to encode information about support (or
gaps therein) in the connections between alters, with color
representing the support or gaps in support (green and red,
respectively, or black for none) and edge thickness
representing the number of different support types. An
example is shown in Fig. 5. We represented the networks
this way with the ego both included and not included,
though in the ego-less representations, support is also not
represented.

We used EGOR to represent the networks in the standard
way, also, though we chose to do so in a way that does not
include additional information (like Mentions and
Proximity of nodes), partly because we already created
such representations using IGRAPH and TIDYGRAPH, and
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partly because EGOR’s default visualization scheme lent
itself well to comparison by creating more uniform arrange-
ments. An example of a few sociograms is shown in Fig. 6
to highlight their comparability.

2. Simplified visualization

In addition to examining individual networks, we were
interested in comparing across career sectors or other
dimensions of personal identity. To do this visually, it
was helpful to simplify our networks to a similar basic and
spatially simple structure, since comparing 100 networks
by eye would be too challenging or time consuming. One
method was to collapse similar alters into one node and let
variable size and color describe these groups of nodes. This
was where our categorizations discussed above (stage,
relationship, etc.) could be especially useful. Figure 7
shows an example for the stage parameter, where size
shows the number of nodes, color shows connectivity
within the group, and connecting edge thickness represents
connectivity outside/with another group. The EGOR function
“clustered_graphs” [62] performs this consolidation and
plots the results. See the cited paper or other tutorials and
guides for using EGOR [63] for a more thorough explanation
of how to use this function (and others), or Supplemental
Material [56] for an example of how we used it. This is an
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these diagrams.
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example of simplification through data reduction: some
information, specifically the actual connections among
alters, is lost by visualizing the networks this way. We think
this is a reasonable trade-off to have an easier basis of
comparison, especially considering the information lost is
accounted for in other parts of this analysis.

We also compared networks by assigning spatial regions
to categorical attributes without combining nodes. Though
this mode of visualization included all nodes and con-
nections, we consider it “simplified” because it forces a
certain uniform spatial arrangement on all networks for the
sake of comparison. We used a plot field of concentric
circles where different regions of the field are associated
with different categories. For example, to arrange alters
based on Relationship, the field was divided into eight
equal-sized sections with alters placed appropriately. In this
case, connections were still shown, but we also represented
numerical node attributes (like Mentions) by node size and
Proximity by closeness to the center of the diagram (much
like our participants’ original sociograms). The EGOR
function “plot_egor” (with “type” set to “egogram” as
described in Krenz’s tutorial [63] and in Supplemental
Material [56]) resulted in a diagram as shown in Fig. 8.

IV. DISCUSSION

We have presented a somewhat novel set of methods for
quantitative egocentric network analysis based on qualitative
data. We have considered critical methodologies and chosen
SNA modalities accordingly, with the hope that our study can
be as attentive as possible to the nuance and complexity of
our participants’ experiences as marginalized physicists. In
this section, we discuss the novelty, limitations, and potential
applications of the methods. We conclude with a discussion
of future work and some closing remarks.

A. Novelty

In our review of SNA literature, we have not found a study
that performs egocentric network analysis the way we have in
this project. Many aspects, like name generator structure, in-
interview sociogram construction, and the focus on support
as a basis of connection, are not new to SNA [49], but the way
we have combined these components is new. Similarly, the
EGOR library is not our creation, but it has not been used in
PER as far as we are aware.

Some aspects of our methods are completely new, and it
is worth emphasizing these aspects so that those wishing to
adopt our methods understand the areas that are not well
explored. As far as we are aware, researchers have not
quantified and coded “Mentions” as we have in this study.
By tracking each mention of an alter separately, not only do
we have a more detailed record of the way they relate to and
support the ego in different instances in the interview, but
we also believe we have some estimate of the alter’s
prominence or consequence in the eyes of the interviewee.

Our theory is that, in a long discussion of one’s professional
journey (like one of our interviews), a person who is often
brought up in conversation likely has some significance in
that journey, though the type of significance would depend
on the context in which they are brought up. More research
would be needed to understand exactly how the number of
alter mentions relates to that alter’s relationship to the ego,
but we suggest that it represents something related to
consequence or importance in the ego’s network. At the
very least, it serves as a way to measure how much an alter
is discussed in the interview, which is an interesting metric
on its own. Our use of a “Proximity” parameter to quantify
placement of alters on the concentric circles of our socio-
gram template is also new, and, like “Mentions,” seems to
represent some type of centrality of alters (literally “close-
ness,” but as defined by egos, not in the traditional network
sense). We invite other researchers to use “Mentions” and
“Proximity” as metrics in similarly designed studies and
report their experiences and results.

Our use of the EGOR package, specifically its simplified
network visualizations, is new to the field of PER, as far as we
are aware. The simplified network visualizations could be
very useful for comparing large numbers of egocentric
networks at a glance or perhaps for displaying artificial
“average” networks for a certain class of egos (see Brandes)
[62]. Since this package is tailored for use in egocentric
analysis, we encourage other researchers designing egocen-
tric studies to use its tools and report on their techniques.

B. Limitations

This study was primarily limited by a trade-off between
faithful and complete representation of our qualitative data
and the simplification of data needed for quantitative
analysis. We believe it was worth simplifying and therefore
reducing our data in order to perform this analysis,
especially since we retained all qualitative data to support
or refute quantitative conclusions, and since the rest of our
team is engaging in mostly qualitative analysis of our data.
Still, we acknowledge that the present work will inherently
involve data that are manipulated from their original form
and therefore may contain some researcher bias.

We also note that some expected variation in interview
and coding approaches among our team may have resulted
in differences in the way that networks are described and
constructed. For example, some interviewers wrote names
of alters on the Jamboard for the participant, while some
would ask the participant to write the names themselves.
We have no reason to believe that this led to differences in
the networks, but it is an instance in which researcher
behavior may have impacted study results. This is to be
expected with any qualitative (and some quantitative) data
collection that involves a team of researchers.

In rare instances, researchers involved in the network
coding were unable to determine which alters our partic-
ipants were speaking about. We had video and audio
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recordings of the interviews, which often included live
recording of the Jamboard where participants added alters,
but occasionally there was not enough context for our coders
to uniquely identify alters. In these cases, our coders met to
discuss and tried to make the best choice with the information
available. In the very rare cases where it was impossible to
figure out who the interviewee was talking about, we did not
code network data for those mentions.

Working with small and niche coding libraries, like
EGOR, while very useful in specific applications, comes
with drawbacks. We had some difficulty in modifying some
of the display techniques, such as adjusting colors and
adding descriptive titles to figures. A combination of
limited documentation and online discussion on some
functions and maintenance of the libraries by small groups
or individuals meant that troubleshooting was difficult and
sometimes impossible. Overall, this amounted to minor and
mostly cosmetic issues in the analysis, but it is worth noting
for anyone planning to use highly specific coding tools.

Finally, this study was limited by features of SNA and
egocentric studies in general, some of which we have already
discussed. We asked our participants to provide information
about alter-alter relationships and demographics, and they
may not have always been correct in the information they
provided. The same goes for information they provided about
their own relationships, though in that case, they were the
best possible source of information. Using a combination of
interview and sociogram construction as our name generator
meant that interview time constraints and parameters of the
Jamboard space could have impacted network construction,
especially for our Mentions and Proximity metrics. In
general, when choosing to collect qualitative data and net-
work data in an interview setting, we trade uniformity in the
data collection process for richness and detail in the data,
which we see as a worthwhile trade.

C. Potential applications

We see this set of methods as useful for anyone design-
ing an SNA study that wants to address questions related to
diversity, equity, or inclusion. It is not the only appropriate
way to attend to such questions, but we designed it to be
maximally attentive to the complexities of personal expe-
riences with marginalization. In PER, this might mean
questions related to belonging, identity, support, or success
among diverse groups of physicists or physics students.

Specifically, this set of methods could be useful in
studying the effects of DEI initiatives and programs, which
have been the subject of much scrutiny and debate lately. A
comparison of the networks of physicists (or other
professionals) that have or have not engaged regularly with
such initiatives and programs would likely yield interesting
results. This set of methods could also be useful in studying
other professional programs and initiatives, especially if they
are aimed at interpersonal connections. Analysis of personal
professional support networks would be a great way to study

the effects of a variety of policies, initiatives, interventions,
and programs directed at professionals.

Our methods also provide useful examples for anyone
designing MMSNA or qualitative SNA studies, as well as
egocentric studies. As mentioned throughout this paper, we
encourage researchers in PER to adopt these approaches to
SNA, especially if they are interested in the effects of
networks on individuals or on mechanisms in networks
(beyond just descriptions of structure).

D. Future work

Future work in this project will involve the publication of
a paper describing the results of this analysis, mostly
focusing on comparisons of network characteristics across
career sectors. Other work stemming from this analysis will
follow, but the exact topics are not yet known and will
likely come through exploratory analysis of our dataset.

Other goals of this project are the study of international
participants, Participants of Color, disabled participants,
and queer participants in our dataset. Members of our team
are also investigating the themes and interconnected nature
of different support types identified by participants, career
values as described by participants, and qualitative com-
parisons of career sectors, among other topics.

V. CONCLUSION

This project is based on 100 interviews with women and/
or LGBTQ+ Ph.D.-holding physicists about their career
trajectories, professional journeys, and support networks.
In this paper, we have presented a novel method for
undertaking an egocentric network analysis of our dataset.
We have noted how certain features of our methods, like the
choice to use egocentric MMSNA, align with features of
critical methodologies. We have also discussed the com-
ponents of our methods, which are completely new to the
field of SNA, like the quantification of Mentions in
interviews as a measure of consequentiality for alters.

Our methods could be adapted by anyone wishing to
undertake a similar study, and we invite them to do so and
share the results of their work, and we encourage them to
reach out to us if they would like to discuss these methods
in more detail. Parts of these methods, especially in our data
collection process and network data coding procedure,
could prove useful to other researchers interested in
egocentric SNA but not pursuing similar research. At the
very least, our emphasis on critically aligned techniques
and our reporting on those techniques might be useful to
anyone undertaking sociocultural studies in physics and
wishing to attend to the complexities of identity, difference,
and marginalization in their work.

The goal of this paper is to provide the PER community
with a new example of how to approach SNA in a way that
complements rather than strictly reduces qualitative data.
We hope that other researchers will see the importance of

020603-17



CHASE HATCHER et al.

PHYS. REV. PHYS. EDUC. RES. 21, 020603 (2025)

grappling with questions of how their methods impact their
results and their study participants, even if they are not
undertaking SNA work. The ultimate goal of this work is to
gain a better understanding of the way GSM physicists
experience support so that we can advise institutions and
professional societies on how to better support these
physicists. Understanding of such a personal and complex
phenomenon as support requires careful planning and
creativity in study design and thorough thoughtfulness in
methods, which we have hopefully represented here.
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APPENDIX: INTERVIEW PROTOCOL

Who is your current employer?

How long have you worked in your current position?

How did you end up in your current job?

How would you briefly describe your job?

What were your last 2-3 jobs, and roughly how long

did you work at each of them?

Did you consider other career paths? [if yes:] Which

ones? Why did you choose the path you took?

7. Suppose you need support with a major change in

your career, such as changing jobs or pursuing a

promotion. Who would you go to for advice about

this change?

A. Person A (B, C, ...) works at the same place
as you?

B. Approximately how long have you known them?

C. How would you describe your relationship with
A@B,C, ...)

D. Do you connect with this person based on shared
social identities or life experiences that are rel-
evant to your relationship? And by shared social
identities I mean any identities you and the people
you name have in common, such as gender, race,
ethnicity, profession, hobbies and so on [if no, do
they have social identities which are different from
yours and are relevant to your relationship?]

AE el

o

8.

9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Suppose you need help with some part of your work,

like covering tasks while you travel, or adding a new

responsibility to your job. Who would you go to for
advice or support in this?

A. For how long have you known this person?

Do you socialize with people from your work? If the

answer is “yes”: who do you socialize with?

A. How would you describe your relationship with
these people [say name by name]? For how long
have you known them?

Are you part of any [formal or informal] identity-

based advocacy or support groups? Examples might

include a women in science group, professional
organizations such as Out in STEM, or an allies
group. [If yes:] Are any members of that group
people who were listed in the above support and
advice questions? [How would you describe your
interactions with people from this/these groups?

This group have regular activities or meetings?

[If yes: can you tell me a little bit about these

activities?]

Can you tell me about your key mentors in graduate

school and how you met them?

Are there any people not already named who you

would describe as current mentors, or people who

helped you to find a job?

Can you tell me about what being a mentor means to

you, and in case other names pop up, could you

please talk about them?

Are there people outside of professional spaces who

you would talk to about changing your career or to

ask for career advice?

Are there people, either already on the diagram or

not named yet, who you go to for emotional or moral

support about job-related issues? [it can be someone
inside or outside your work space]

[T can see in your answer on the survey that/as you

mentioned before] you work in [sector the person

works on]. Have you worked in other sectors before?

If the person had changed sectors before: Why did

you change sectors? (Did you find what you were

expecting in the sector you currently work in?)

How do you feel about the environment at your

workplace?

Have you considered leaving your current career

track? [If yes] Did you talk to anyone about it? Who

did you talk to? How would you classify your

relationship with these people? Did they give you

some kind of advice about it? What was the advice?

Did it influence your decision?

Would you recommend your field to others?
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