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Studying the factors that influence the quality of physics PhD students’ doctoral experiences,
especially those that motivate them to stay or leave their programs, is critical for providing them
with more holistic and equitable support. Prior literature on doctoral attrition has found that
students with clear research interests who establish an advisor-advisee relationship early in their
graduate careers are most likely to persist [1]. However, these trends have not been investigated
in the context of physics, and the underlying reasons for why these characteristics are associated
with leaving remain unstudied. Using semi-structured interviews with 40 first and second year
physics PhD students, we construct a model describing the characteristic pathways that physics
PhD students take while evaluating interest congruence of prospective research groups. We show
how access to undergraduate research and other formative experiences helped some students narrow
their interests and look for research groups before arriving to graduate school. In turn, these
students reported fewer difficulties finding a group than students whose search for an advisor took
place during the first year of their PhD. Lastly, we identify two characteristic types of students at a
higher risk of leaving their programs: students who enter graduate school with broad interests and
struggle to find a group, and students who join a research group early based on research interest
alone and subsequently encounter issues with a negative mentoring relationship. This work serves
as a major step toward creating a comprehensive model of how PhD students find a research group,
and opens the door for future work to investigate how factors such as group culture and working
environment impact the search process.

I. INTRODUCTION AND BACKGROUND

Graduate school is known to be a complex and intense
environment for first-year PhD students. Adapting to the
norms and expectations of a new and unfamiliar depart-
ment can be difficult, as can the process of transitioning
into the role of professional researcher. During this crit-
ical period, finding the right research advisor is widely
acknowledged to be one of the most impactful events for
students on the path to a PhD [2, 3]. Finding an ef-
fective research mentor and group provides the basis for
students to build specialized research skills [4, 5], em-
brace their identities as scientists [6, 7], and developing a
network of support among their labmates [8, 9]. On the
other hand, poor advising relationships negatively affect
PhD students’ intellectual development, mental health,
and willingness to pursue an academic career after grad-
uation [10–12]. For some students, a negative advising
relationship is one of the main factors that motivates
them to leave their programs [1, 3, 13–16].

Studying the factors that influence the quality of PhD
students’ experience and motivate them to stay or leave
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their programs is an important goal for researchers across
graduate education [17–21]. Better understanding why
doctoral students leave is particularly critical for creat-
ing a more diverse and equitable graduate landscape, as
attrition from PhD programs disproportionately affects
traditionally underrepresented students [22–24]. In the
context of physics, the retention rate of physics PhD stu-
dents is estimated to be approximately 50% [22, 25]. The
issue of high attrition is important for both students and
the institutions they attend. For students, leaving a PhD
program may mean grappling with feelings of failure and
disappointment, which can have adverse effects on their
emotional and physical well-being [1]. Graduate depart-
ments must invest future resources into recruiting and
supporting new students [26].
In a seminal multidisciplinary study of doctoral attri-

tion, Lovitts’ study found that a combination of students’
research interests, proactivity in seeking out a research
group, and closeness of interaction with prospective ad-
visors prior to graduate school were all predictive of stu-
dents’ likelihood of PhD completion. She notes that “few
noncompleters enter graduate school knowing who they
want to work with,” and that “having interests that are
close to a faculty member’s and establishing the adviser-
advisee relationship early in the graduate career based
on firsthand knowledge and interaction” contribute most
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to successful PhD completion. Thus, Lovitts contends
that students with strong research interests who search
for and join a group early are most likely to persist. How-
ever, the underlying reasons driving these trends remain
unclear. For example, it is not obvious that having broad
research interests should correlate with a lower likelihood
of PhD completion; on the contrary, intellectual curiosity
and a willingness to explore new topics are traits often
valued in science. In fact, physics was one discipline not
included in Lovitts’ study, leaving it unknown whether
these trends apply to physics students as well. To fill
this gap, this study seeks to characterize physics PhD
students’ research interests as they enter graduate school,
and to better understand the influence that these inter-
ests have on their search for a research group. In doing so,
we also seek to better understand how these predictors
of attrition (strength of interest, time students look for
and join research groups) are linked, as well as uncover
the underlying factors driving these trends.

Little is known about the extent to which physics PhD
students know what research they want to pursue upon
entering graduate school. However, studies by Maher
et al. in the context of biology PhD programs have shown
that biology graduate students place a high emphasis on
finding a group with congruent research interests, despite
often being unsure of what research they wanted to pur-
sue. Biology PhD students commonly hoped to explore
their interests while in graduate school [27, 28], and inter-
est exploration in biology is encouraged through highly
formalized lab rotation systems. The authors found these
rotations to benefit students trying to narrow their inter-
ests. Such formal requirements are comparatively rare in
physics graduate programs though [29, 30]. Rather, as
detailed in our previous work, physics PhD students of-
ten sought more structure for meeting groups, which may
harm students with broader interests if they encounter
more difficulties looking for a group [31].

Our prior work also demonstrated that physics gradu-
ate students characterize finding the right research group
as a highly important and impactful part of their gradu-
ate careers, but often encountered a variety of difficulties
in their group search [31] . These included difficulties
understanding the research that prospective groups were
doing, struggling to connect with faculty and graduate
students, and lacking time to search due to coursework.
Moreover, we illustrated how students who struggled to
find a group tended to report a lower sense of belonging
in their programs, which led several of them to consider
leaving their programs. On the other hand, successfully
joining a group often granted students a greater sense
of community and purpose in their programs that moti-
vated them to stay. These results are supported by prior
research that has shown how becoming a part of a re-
search group can give STEM students opportunities to
develop their identities as scientists [6, 32] while increas-
ing their sense of belonging to their research community
[9, 33–36].

Students who are able to join a research group early in

their graduate careers may enjoy a variety of other bene-
fits as well. For instance, entering into a group early may
accelerate students’ time to doctoral completion [37],
which is known to positively correlate with a student’s
salary upon graduation [38]. By finding a group sooner,
students might experience less anxiety about needing to
find a group in the midst of classes, and concerns about
funding and competition for spots might be assuaged.
Indeed, the number of research groups available for stu-
dents to join in a department is always limited by funding
and space, which naturally generates competition for this
finite resource [39–41].

Access to a research group, and all of the benefits that
are known accompany it, may depend on how efficiently
students are able to navigate the search process. Most
attrition in physics PhD programs occurs in the first two
years of the program [42], but research shows that stu-
dents begin to think about leaving begin much earlier
than that. Lovitts revealed that students who leave after
their first year of graduate school typically begin con-
templating their decision to leave in the middle of their
second semester. This timeframe coincides with when
many students are likely in the midst of attempting to
find a research group, which may therefore play a critical
role in their decision to stay or leave. However, track-
ing when students join and leave research groups is not a
common metric for departments to record, which leaves
it unclear when students actually take this critical step in
their graduate careers. Hidden inequities are likely to go
unnoticed in graduate education when student outcomes
and progress are poorly tracked [1]. Hence, better under-
standing the factors that influence when students join a
research group may yield insight into systemic inequities
inherent in the group search process.

For instance, ample research has illustrated that
physics students’ interests are most informed by their
backgrounds and learning experiences [43–45], and that
access to undergraduate research experiences are partic-
ularly critical [34, 36, 46]. Looking for groups takes time
and effort, and students often described having trouble
having enough time to evaluate groups while inundated
with coursework and teaching responsibilities. Thus,
students whose backgrounds offer them more opportu-
nities to narrow their research interests and make con-
nections with graduate faculty before entering graduate
school may be better positioned to more quickly begin
research. Moreover, students’ backgrounds and under-
graduate experiences strongly impact their navigation of
the group search process. In our previous work, we iden-
tified a number of advantages that one student enjoyed
while navigating the search process: attending an elite
undergraduate institution provided a leg up in admis-
sions, an REU at his top-choice institution gave insight
into which labs he might want to join, and advice from his
undergraduate advisor helped him evaluate prospective
advisors [47]. Meanwhile, another student described dif-
ficulties navigating graduate school, and expected signif-
icantly more academic advising from her graduate school
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to help her through her first year. This student strug-
gled to find a research lab, which negatively influenced
her sense of belonging in the program.

Our study is guided by the following research ques-
tions:

1. What factors (both before and during graduate
school) influence when physics PhD students join
a research group?

2. Specifically, what role does research interest play in
guiding students’ search?

3. How do the concerns and difficulties that students
experience during their search for a group differ
based on when students look for a group?

4. What are the consequences of these differences on
students’ success in their PhD programs?

Sections IVA, IVB, and IVD attend to answering
RQ1. In Section IVA, we outline when students in our
sample found their research groups and identify a subset
of students in our sample who committed to a research
group particularly early in their PhD timelines. We also
illustrate a number of benefits that these students as-
sociated with doing so. Although we acknowledge that
group culture plays an important role in the group search
process (see Figure 1), RQ2 highlights that this study
is primarily focused on how students find groups with
congruent research interests RQ2 is discussed in Section
IVB, and demonstrates that physics PhD students enter
graduate school with drastically different levels of cer-
tainty regarding which research they wanted to pursue,
and then discussed how this correlates with when stu-
dents join research groups. Then, in Section IVD, we ad-
dress RQ3 by investigating when students started looking
into research groups, and shows how students who engage
in the search process earlier tend to join a group more
quickly. Throughout both of these sections, we provide
evidence to highlight how students’ access to resources
and experiences impacted their search process. Lastly,
in Section IVE, we show how the frequency and types
of concerns and difficulties that students experience dur-
ing their search process vary depending on when they
joined a research group. This analysis exposes some of
the costs and benefits associated with joining a research
group early, and culminates in a model that identifies two
characteristic types of students at a higher risk of leaving
their programs.

II. CONCEPTUAL FRAMING

We leveraged insights from two theoretical frameworks
while designing the current study, following the exam-
ple of Maher et al. [27]. This section briefly describes
these frameworks and how they informed our method-
ological approach. First, we discuss person-environment
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Figure 1: A framework illustrating how we are
conceptualizing the elements of the group search
process in physics. Colors illustrate the prior literature
or theory that motivated the inclusion of each element.

fit, which has recently been suggested as a useful theo-
retical lens through which to examine doctoral education
[48]. We then discuss socialization theory, which is the
most prevalent framework used in studies of US doctoral
education [49].

With historical origins in vocational selection [50–53],
person-environment fit research focuses on the compat-
ibility of individuals within their working environments
[54–57]. The overall construct of person-environment fit
consists of multiple dimensions of compatibility, includ-
ing person–vocation (compatibility between an individ-
ual and overall career path), person–job (more narrowly
defined between a person and its associated responsibili-
ties), person–organization (an individual and their over-
all organization), person–group (a person and the indi-
viduals in their work group), and person–person (a per-
son and their mentor or supervisor) [58]. The theory
therefore differentiates between aspects of fit more closely
corresponding to one’s profession and its associated tasks
(vocation, job), and those more closely associated with
interpersonal concerns (group, person). This distinction
further motivated our decision in this study to narrow
the focus of this study to specifically examine the role of
students’ research interests on their group search.

Three primary assumptions underlie person-
environment fit: 1) people seek out environments
that match their personality and abilities, 2) person-
environment fit is a reciprocal process in which people
can shape their environment and the environment can
influence people, and 3) work outcomes (e.g., satisfac-
tion, performance) are dependent on the interactions
between individuals and their environments, with con-
gruent fits resulting in positive outcomes [57]. For the
purposes of this study, we view a person’s perceptions
about an environment as the most important indicator
of fit. Although level of congruence between and their
environment may be induced more “objectively” by
measuring and assessing individual and environmental
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variables [57, 59, 60], perceived fit highlights the way
individuals feel about aspects of their environment
and allows people to give varying levels of salience to
different features.

Meanwhile, socialization theory describes the processes
through which doctoral students internalize disciplinary
values, norms, expectations, and knowledge via formal
and informal interactions with advisors, faculty, and
peers [49, 61–63]. These processes are often character-
ized as occurring over a series of stages [64]. The first
stage is anticipatory, as students enter the program with
preconceived notions of what the PhD entails and begin
to meet with faculty and students. Formal socialization
processes ensue, including coursework and beginning re-
search in a lab [62]. For students in the sciences, partic-
ipation in a research group is a primary source of social-
ization, as it allows for development research skills and
affords them access to a network of faculty and peers
[65, 66]. This aligns with our prior results suggesting
that students reap a variety of benefits from becoming
integrated into research early in their PhD timelines.

The final stage of socialization is internalizing the role
of an independent scholar and integrating their new iden-
tity into their existing ones. Socialization frameworks are
often used as a lens to examine attrition from doctoral
programs, and poor socialization has been linked to stu-
dents’ decisions to leave graduate school [1, 67]. These
findings highlight how inadequate structural support for
students, rather than perceived shortcomings in individ-
ual students’ behaviors and characteristics, can lead to
their early departure. However, socialization has some-
times been criticized for downplaying the role of student
agency as they move through their programs [66, 68],
leading to more recent iterations of the framework to
more explicitly include students’ role in advancing their
own socialization [62, 69].

Both person-environment fit and socialization provide
useful theoretical lenses through which to conceptualize
physics PhD students’ search for a research group. The
core assumptions of person-environment fit theory indi-
cate that students will actively seek to match their inter-
ests and values to those they perceive in their prospective
research group. Hence, in the absence of formal depart-
mental structures such as lab rotations to facilitate access
to groups, we view student agency having a significant
role to play in physics PhD students’ search for a research
lab. Meanwhile, in the context of socialization theory,
successfully navigating the group search process is the
antecedent to accessing the numerous and impactful so-
cialization opportunities associated with doing research.
Thus, student agency can grant access to socialization
experiences. We also expect this relationship to be re-
ciprocal. For example, socialization experiences during
the first year may provide students with knowledge that
allows them to more easily navigate the search process.
However, we also recognize that the group search process
is embedded within the structural constraints imposed by
each student’s graduate program. Hence, we also wish to

highlight the ways students feel inhibited in their search.

III. METHOD

A. Methodological approach and interview
protocol

We sought out methodological approaches that would
allow us to explore the role of student agency and struc-
tural constraints in the group search process. We there-
fore drew inspiration from cognitive task analysis (CTA)
methods [70, 71] and Dervin’s sense-making method
[72, 73] in out effort to characterize the process by which
PhD physics students search for a research group. CTA
methods seek to elucidate the cognitive processes under-
lying individual behavior, particularly regarding how in-
dividuals evaluate and respond to their external environ-
ment [74–76]. Similarly, sense-making operates under the
assumption that humans move in and out of structures
that influence their behavior, sometimes making sense
of them, resisting them, or creating new structures alto-
gether [77]. Both methodologies are designed to elicit de-
tailed descriptions of interviewees’ thoughts and actions
as they recount how they progressed toward a goal, fo-
cusing on understanding specific life experiences in great
depth.
Our semi-structured interview protocol asked students

to construct a timeline of steps they took while search-
ing for a research group (Stage 1). Students were free
to start their timeline at any point, but most commonly
they began during their junior or senior years of under-
graduate study. Timelines often consisted of four or five
main steps. For each step, we asked students about any
major questions and concerns they had at each step of
their timeline (Stage 2). This included anything they
wanted to find out, were confused about, worried about,
or were just curious about. Many responses to this part
of the protocol revolved around students’ internal delib-
erations regarding what research they wanted to pursue
in graduate school, as well as their efforts to gather in-
formation about prospective groups’ research. Students
also often commented on general difficulties they expe-
rienced during their search, as well as concerns about
their future in graduate school. Lastly, we asked stu-
dents to identify any sources of help that allowed them
to resolve their question or concern, as well as any ob-
stacles that hurt their ability to move forward (Stage 3).
This third stage allowed us to understand the thoughts,
actions, and events that helped or hurt students’ abil-
ity to navigate their search for a group. The analysis
presented here primarily focuses on several of the major
questions and concerns that students discussed in Stage
2, but some supporting evidence was drawn from Stage
3 of the protocol focusing on sources of helps and hurts.
We leveraged the data from Stage 1 to identify when each
event occurred in their timeline. The full interview pro-
tocol used in this study is available in the Supplemental
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White/
caucasian

Hispanic,
Latinx, or

Spanish origin

Black or
African
American Asian North African

From multiple
races Total

Male 6 4 0 5 0 0 15

Female 10 3 2 4 1 2 22

Non-binary 2 1 0 0 0 0 3

Total 18 8 2 9 1 2 40

Table I: Gender and race data for the N = 40 interviewees in the sample Demographic information was gathered
using a Qualtrics survey prior to each interview. Surveys were fixed-choice, but contained a space for respondents to
input answers outside the choices provided.

Material [78].
When asked to describe the major steps in their time-

line, we also asked students to identify when in their
academic careers those events occurred. Students typ-
ically described when events occurred in terms of aca-
demic periods. Using this information, we were able to
identify each excerpt as occurring at one of seven points
in time: Before Senior year, Senior year, Senior sum-
mer, 1st semester, 2nd semester, 1st year summer, and
2nd year. Senior year refers to students’ final year of un-
dergraduate study, whereas 1st and 2nd semester refer to
the first and second semesters in their graduate program.
We use this language in the results section IV to indicate
when in the student’s timeline they said it.

B. Recruitment and participant sample

This study is part of an ongoing analysis aimed at
systematically characterizing the process by which PhD
physics students search for a research group. Study par-
ticipants were recruited by emailing physics graduate
program directors and asking them to forward our re-
cruitment letter to their first and second year graduate
students. A $25 Amazon gift card was offered as incen-
tive for participation in our study. We targeted these
years of study because they were either in the process of
or had recently completed searching for a research group.
We also intentionally chose to email programs of varying
size and research activity to ensure a variety of institu-
tional contexts were represented. In total, we reached
out to 18 graduate programs directly. Ten programs for-
warded our recruitment email to their first and second
year graduate students. Since we reached out to pro-
grams rather than individual students, we do not know
precisely how many students received invitations to par-
ticipate. However, physics graduate programs admit an
average of 16 students per year [79], meaning that the
number of students invited to be interviewed was likely
on the order of several hundred participants. A more de-
tailed breakdown of institution types and their program
requirements is available in the Supplemental Material
[78].

Since this project is conducted with the support of the
Inclusive Graduate Education Network (IGEN), a part-

ner of the American Physical Society (APS), one major
goal of this work is to improve diversity and inclusion
across physics graduate education. One of the leading ef-
forts toward that end is the APS Bridge Program, which
is a post-baccalaureate program designed to increasing
the number of PhDs earned by underrepresented students
in physics [80]. Hence, we also sent our recruitment in-
formation directly to APS Bridge students currently in
their PhD programs to help ensure our data represented
their experiences as well.
The sample of students in this analysis consists of 40

students representing 13 institutions; 5 students were
from the Bridge program, all from different institutions.
A fixed-choice demographic survey was administered
prior to each interview via Qualtrics, but each response
field contained a space for respondents to input answers
outside the choices provided. Based on the results of the
survey, N = 22 interviewees identified as women, N = 15
identified as men, and N = 3 identified as non-binary or
gender fluid. N = 21 were in their first year of physics
graduate school while N = 19 were in their second year.
N = 18 identified as White/Caucasian, N = 9 as Asian,
N = 8 as Hispanic/Latinx or Spanish origin, N = 2 as
Black or African American, N = 1 as North African, and
N = 2 from multiple races. N = 32 students were from
the US while N = 8 were non-US students. Table I of-
fers a more detailed demographic breakdown. Interviews
were conducted over Zoom and took place from Fall 2022
to Spring 2023. All names used throughout the paper are
pseudonyms.

C. Data analysis

Once completed, interviews were transcribed and
edited for grammar and clarity. The transcripts became
the subject of our thematic analysis, which followed the
steps outlined in Braun and Clarke [81]. Analysis be-
gan with repeated and active reading of the data and
application of a priori codes aligned with the stages of
the protocol (e.g., “Step” or “Question”). For each, we
also applied an initial code describing the excerpt and
what we found important about it, which is a common
first step in grounded theory approaches to data analysis.
Initial coding is an open-ended first cycle coding process
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that involves breaking down qualitative data into discrete
parts, examining them closely, and applying codes that
promote deep reflection on the contents of the data [82].
Our initial codes typically consisted of a short phrase or
sentence describing the excerpt and what we found im-
portant about it.

After applying this process to 20 of the interviews, we
started to focus on inductively identifying emergent codes
to capture interesting features about questions and con-
cerns that students had. We reduced the types of ques-
tions into three primary themes: Research alignment,
Group culture, and a third theme of Overall concerns
about the search process that did not fit neatly fit into
either of the other two. The present study primarily fo-
cuses on the Research alignment theme, which contained
statements regarding students’ efforts to find a research
group that aligns with their interests. We also provide
more nuanced descriptions of several sub-themes from
the Overall concerns, which were detailed in an earlier
analysis using data from 20 of the 40 interviews [31].

At this point we developed a codebook specifically fo-
cused on the research alignment aspect of students’ nar-
ratives. We coded excerpts along two broad axes: com-
ments regarding students’ personal Interest development,
and statements about how students characterized the
process of Evaluating research alignment. Excerpts coded
under Interest development were indicative of how well
a student knew what research they wanted to pursue in
graduate school. The code Evaluating research alignment
was applied to comments in which students described
what characteristics they were looking for in a research
group with regard to congruence of research interests.
In some cases, both codes were applied to an excerpt.
For instance, the excerpt “I was looking at programs to
apply for... and if I couldn’t find people that did theoret-
ical stellar astrophysics I crossed them off the list” was
double coded to capture the interest shown in theoreti-
cal astrophysics and the activity of evaluating programs’
available research.

As the coding process continued, these codes were re-
fined and broken into new themes and sub-themes. The
results of our analysis are presented in Section IV. In
particular, results stemming from our analysis of student
Interest development are presented in Section IVB and
results from our analysis of student efforts when Evalu-
ating research alignment are presented in IVD.

In addition to thematically organizing the data, we
also linked student-level meta data information to all 40
transcripts regarding when each student committed to
joining their current research group. While many stu-
dents had a clear idea of when they committed to their
research group (e.g., “I shook on it with my PI, saying
I was going to commit to joining the lab fully.”), this
was not always the case. For instance, some students
described having an interest in a group before graduate
school and beginning to perform research activities with
the group in their first semester, but never described a
distinct moment when they joined the group. Approx-

imately N = 7 students presented this ambiguity. The
authors (M.V.) and (B.Z.) discussed these cases individ-
ually. Together they agreed on the time when these stu-
dents most strongly began to characterize themselves as
members of their group, typically evidenced by partici-
pation in group research activities and statements about
their confidence in which research topic they wanted to
pursue. For example, one student never described a pre-
cise moment when she joined her research group, but said
that after she met her current advisor during her senior
summer, “I don’t think I ever really thought to look for a
different advisor.” However, we classified this student as
joining her group in her first semester of graduate school
when she actually began to perform research activities in
this advisor’s group. Our analysis of when the physics
PhD students in our sample joined their research groups
is discussed in Section IVA.
We used several strategies to produce a valid and re-

liable coding scheme. One researcher (M.V.) was re-
sponsible for developing most of the codes and themes,
which were refined through discussion between (M.V.)
and (B.Z.) at weekly research meetings. Inter-rater reli-
ability was done once the final codebook was established
in order to demonstrate its validity. In particular, a se-
lection of 40 random excerpts corresponding to students’
extent of interest development and stage of evaluating
research were given to a researcher unaffiliated with the
project to code using the sub-themes discussed in the
results. Agreement was high, with disagreements pri-
marily occurring over borderline cases (e.g., whether a
student who had primarily looked at only a few research
groups before arriving to graduate school but had never
contacted them would count as evaluating school level
research alignment or evaluating individual group level
alignment). We refined the codebook after discussion to
more clearly delineate when certain codes should be ap-
plied.

D. Analysis of program handbooks

Lastly, we sought to determine each program’s require-
ments regarding when student should (or must) join a
group, or whether programs had any requirements about
this subject at all. To do so, we visited each program’s
website to find resources about their PhD timelines and
program requirements. These were commonly located in
a graduate student handbook. Only 2 of the 13 schools
did not have an online graduate student handbook avail-
able. One school did not appear to have any publicly
available resources for expected PhD timelines and pro-
gram requirements. For analysis, we examined the re-
sources to find the first mention of students needing an
advisor. We collected these instances and grouped them
based on whether finding an advisor was an explicit or
implicit requirement, as well as the specificity of when
in students’ PhD timeline those requirements occurred.
Results are presented in Section IVA.
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IV. RESULTS

A. When physics PhD students join research
groups and the perceived benefits of joining sooner

Lovitts found that PhD students who establish the
adviser-advisee relationship early in their graduate ca-
reers are more likely to complete their PhDs successfully.
To investigate this phenomenon in the context of physics
graduate programs, we start by looking at when students
in our sample joined their groups. Using an analysis of
program handbooks, combined with Lovitts’ observation
that the second semester is a critical period during which
students begin to consider leaving, we motivate our de-
cision to categorize students who joined a group in their
first semester or before as early joiners. We then illus-
trate some of the perceived benefits experienced by those
students who found a group quickly, contrasting them
with narratives of students who committed to a research
group later on.

Programmatic expectations: Analysis of depart-
mental expectations of when students should join a group
reveals strongly varying levels of guidance across the pro-
grams studied. Only one provided a specific time by
which PhD students were required to have found an ad-
visor (the fall semester after passing a written qualify-
ing examination). On the other hand, 5 schools struc-
tured their expected PhD timelines around completion
of courses and qualifying exams, and did not explicitly
provide a time by which students were expected to join
a group. Rather, joining a research group was implicitly
needed in order to complete the other program require-
ments. For instance, one school required that students
pass an oral exam on a topic jointly chosen by the stu-
dent and their research advisor by the beginning of the
third year. Finding an advisor is clearly necessary for
this step, but it was not an explicit expectation in the
timeline.

Most commonly, programs provided a “typical time-
line” or an “expected timeframe” for finding a research
group. Six schools fell into this category, but their ex-
pectations varied. For example, one strongly suggested
students should join a group in the spring semester of
their first year, while another suggested that it was more
typical to “formally” join a research group in the third
year of the program. Another provided a broad swath of
time (spring semester of first year to summer of the third
year) during which finding an advisor was expected, but
noted that earlier was better. The lone program that
employed a formal laboratory rotation requirement for
students expected students to have chosen their research
advisor by the end of their first academic year. Despite
ambiguity across most of the program handbooks regard-
ing when students are expected to find an advisor, they
generally indicate that a “typical” timeline for students
to find an advisor should be around the end of their first
academic year or beginning of their second year.

When students join research groups: The total

number of students in our sample who joined a group
during or after their 2nd semester of graduate school was
N = 22. 16 of the 22 students joined within the expected
period of most PhD programs, while three joined in their
second year or later. Three students had not joined a
group at the time of their interviews, but these students
were either already in their second semester of graduate
school or were nearly finished with their first semester.
Thus, we categorized their timelines with those students
who joined after their second semester.

Notably, the time to join a group reported in Table II
represents the time that students took to join their most
current research group. However, several had joined ear-
lier than the time indicated in the table and subsequently
chose to switch. N = 7 of the 22 students who reported
finding a group later in their graduate programs had done
so after switching out of a different group. For a major-
ity of students, switching research groups was a personal
decision associated with a unique set of challenges. Thus,
we chose not to include the three students in our sample
whose programs had formal rotations. Although these
students changed research groups during their first year,
it was a mandatory part of their program rather than a
decision they made on their own.

Nearly half of the physics PhD students in our sample
(N = 18) had committed to a research group during or
before their first semester of graduate school (see Table
II). One student committed to a group during her senior
year of undergraduate study (she continued her graduate
study at her undergraduate institution, and had agreed
to work with her undergraduate research advisor before
graduate school began), and seven students committed
during the summer after their senior year. The remain-
ing ten committed during their 1st semester of graduate
school.

In order to have joined a group in their first semester
of graduate school or before, those students likely con-
ducted much of their search before they arrived in their
programs. This is particularly true of the students who
started working with their advisors the summer before
their programs started, who were well ahead of the ex-
pected timelines published by their universities. On the
other hand, students who joined in their second semester
or later more likely searched for groups during their first
year of graduate school, and their timelines align more
closely with what program handbooks describe as more
“typical.”

Perceived benefits of joining early: Students
who joined a research group before or during their first
semester discussed several perceived benefits. Several
students noted that getting into a group before the first
year of coursework reduced anxiety about their future
due to the security it offered them. Nina expressed how
finding a group “did take a lot of weight off my shoul-
ders... not necessarily having to spend too much time ob-
sessing about oh, everybody else already has a group.”
Luis had two offers for research groups before his first
year of graduate school began, which he described as
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Time of interview

When committed to group 1st year fall 1st year spring 2nd year fall 2nd year spring Total

Senior year 1 0 0 0 1

Senior summer 5 1 0 1 7

1st semester 4 3 1 2 10

Subtotal: 1st semester or before 10 4 1 3 18

2nd semester 1 2 2 4 9

1st year summer 0 1 3 3 7

2nd year or later 0 0 2 1 3

Has not joined 2 1 0 0 3

Subtotal: 2nd semester or after 3 4 7 8 22

Total 13 8 8 11 40

Table II: The semester that students in our sample reported committing to their graduate research group, broken
down by which semester of graduate school they were interviewed. N = 18 students joined in their first semester or
before, which implies that much of their search took place before arriving to graduate school. N = 22 joined in their
second semester or later, aligning with more typical timelines suggested in graduate handbooks. Students who
joined a group later tended to have been interviewed later as well.

an advantage over other students in his class: “I felt so
relieved that whole first year, that I didn’t have to go
out and look for a group as actively as everyone else did
right?... a lot of people really struggled to find a good
fit, whereas I felt like, ‘Oh, I could send an email right
now and get it in the group that I want, or in a group
that wants me.”’ In both of these quotes, students de-
scribe comparing their own progress to other students in
their cohort, which eased their anxiety. However, the re-
verse was true for students who did not join a group right
away. Dev, who struggled to determine if his preferred
advisor would be able to fund him or not, said during his
second semester of graduate school “It is a bit stressful
though in the sense that, for some of the people, before
even coming here they had fixed on an advisor. Every-
thing was fixed... they’ll go and do the PhD. So talking
to [those students] was not really helpful because they
are not going through any of this.”

Others noted that getting into research faster made
them feel like they were making progress toward their
degree. Heather credited joining a group shortly after
entering graduate school for her accelerated graduation
timeline: “if I had not been in [my advisor’s] group as a
first year and kind of set on that path, I don’t think I
would have had the resources or knowledge to be ready to
[take my qualifying exam] that that early.” Being able to
partake in research during her first year allowed Heather
to take her research-focused qualifying exam earlier than
most other students in her class. This then allowed her
to apply for several grants that were only available to
students who had completed their qualifying exam, fur-
thering her research agenda. On the other hand, Jack
had not joined a group at the time he was interviewed
in his second semester. He was hoping to join a group
that he perceived as highly competitive, and he had taken
the professor’s elective class during his first semester to
demonstrate his interest. Jack was concerned about be-
ing behind his desired PhD timeline if he was unable to

join his preferred group at the end of his second semester:
“I’ve put in a lot of time into this, and if it ends up not
working out, it’s a bit annoying because of, yeah, just
wasted time. I’d say it’s a bit stressful for sure.”
The comments in this section demonstrate the effect

that the time students join a group can have on their
emotional state and overall outlook on how well they are
progressing through their PhD program. Moreover, these
themes broadly align with our prior findings that stu-
dents who struggled to find a research group tended to
feel a lower sense of belonging in their programs, and sug-
gests the importance of continuing to study the factors
that influence when students are able to join a research
group. In subsequent sections, we characterize several
factors that lead some students to more quickly navi-
gate the group search process in physics. In particular,
we reveal several major differences between these stu-
dents regarding level of interest development, when they
started evaluating individual research groups, and the
kinds of difficulties they experienced during their group
search process.

B. Some physics PhD students know what research
they want to do, but many do not

One broad theme that emerged from the data was that
graduate students’ certainty about their research inter-
ests varied widely, and that students’ interests were of-
ten still malleable when they began graduate school. We
identified three sub-themes within the broad Interest de-
velopment code: Broad interests, Interest in subfield and
method, and Knowing exact research, represented as a
spectrum of interest development illustrated in Figure 2.
Since students’ experiences searching for a research

group often spanned several semesters, some interviewees
described how their interests shifted over time. Some stu-
dents made statements coded as Broad interests during
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"I  wasn't sure exactly what 
I  wanted to do. Again, I  
came in not know ing 
anything. I  just wanted to 
explore." 

Br oad inter ests

-Kali , 2nd semester

Fir st-year  physics PhD students' interest spectr um 

"I  knew  I wanted to do 
stel lar  astropyhsics on the 
theor y side" 

Inter est  i n  subf i eld and m ethod

-Fiona, Senior  year

"I wanted to keep doing 
that machine learning 
supernovae... that was the 
one thing that was actually 
r eal ly keeping me in, l ike, 
physics and astronomy" 

Know ing exact  r esear ch

-Heather , Senior  year

Figure 2: We conceptualize physics PhD students’ certainty regarding their research interests as existing on a
spectrum. For this analysis, we grouped students into three categories: broad interests, interest in subfield and
method, and knowing exact research. Students with broad interests were less sure of what research they wanted to
pursue in graduate school, while students who knew the exact research they wanted often already had a research
group in mind upon entering graduate school.

their junior year of undergrad, but later described how
other factors (e.g., research experiences, talking with ad-
visors) caused them to become interested in particular
topics. These students would have excerpts appear in
multiple categories of interest, but at different times in
their narrative. Thus, the sum of students who made
comments coded under each of the categories is higher
than the total number of students in the sample. Figure
3 breaks down each category to elucidate how many stu-
dents were uniquely coded under a particular sub-code,
or whether they appeared under multiple categories. For
example, the figure illustrates that 15 students only had
excerpts coded as Broad interests, indicating that they
had entered graduate school open to a variety of research
topics. Meanwhile, a different 6 had excerpts in both
the Broad interest and Interest in subfield and method
categories, indicating that these students became more
confident in their interests over time.

Broad interests Many students (N = 24) at some
point in their narratives said that they were open to pur-
suing a variety of research areas and had a broad set of
interests in physics. These included statements in which
students expressed uncertainty about what research they
wanted to pursue, as well as comments about how they
believed they would enjoy several subfields and meth-
ods. For instance, Nathan described how “It’s very easy
to get me interested in things, especially in physics. So
the whole time, my thought has been to keep an open
mind.” Two students, Valerie and Kali, explicitly said
that their goal in graduate school was to figure out what
they wanted to research. Kali stated that “I just wanted
to explore,” while Valerie said that “I wanted to go to
grad school because I didn’t know what I wanted to do
in physics. And I wanted to figure it out in grad school.”
Thus, both entered graduate school with the expectation
of being able to explore several interest areas.

Other students described more specific indecision, such
as whether they wanted to pursue more or less hands-on
work. For example, Hassan was interested in topics re-

lated to quantum computing, but noted that his small
undergraduate institution did not offer enough research
opportunities for him to determine the kind of research
he wanted to do. He said, “I didn’t really have a lot of re-
search background. So like, in undergrad, I got involved
with like one project, which was small scale given the
school that I attended. But I was not really sure what I
wanted to do, theory or experimental research.” Cole
similarly had interests in quantum-related topics, but
did not have a strong preference for the kind of research
he wanted. He described searching for graduate schools
based on the idea that “I wanted to do things with quan-
tum stuff, maybe use machine learning or something, do
something wacky.” However, as Cole later noted, many
subfields of physics involve “quantum stuff” and use com-
putational techniques such as machine learning, leaving
numerous research pathways open to him.
A significant subset of these students (N = 8) were still

trying to narrow down their interests during or after their
first semester in the graduate program. Kali recalled that
during her second semester of graduate school she still
“wasn’t sure exactly what I wanted to do... again, I
came in not knowing anything.” Meanwhile, Greg re-
marked that by his second semester in graduate school
he had not yet decided whether he wanted to pursue bio-
physics or condensed matter: “I was open to doing what-
ever research in grad school, whether it be biophysics or
condensed matter. I wasn’t like, heart set on one.” Isaac
noted that by his second semester in graduate school,
“I didn’t really know what I was interested in... all I
knew was, like, something that involved quantum to some
extent.” Thus, these students entered graduate school
without a clear idea of which research they wanted to
pursue and had not clarified their decision during their
first semester. More often, students were too busy to
worry about finding a group. Per Isaac, “First semester,
finding an advisor was kind of like the last thing on my
mind... [friends] would ask me sometimes, have you found
a research group? And I’d be like no, I haven’t even
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Figure 3: Diagram illustrating the number of unique
students who had excerpts coded under each interest
code. Since students’ narratives spanned multiple
semesters, they often expressed how their interests
developed over the course of their timeline. For
example, the 6 in the diagram indicates that six
students had described having broad interests at one
time, but later had become more interested in a
particular subfield and method. Notably, 15 students
only ever discussed having broad interests. Numbers
represent unique students, so their sum is 40.

thought about it. I’m trying to figure out the electric
field of a charged hemisphere, or whatever the homework
was about.”

Interest in subfield and methods It was also com-
mon for students to indicate interest in both a subfield
and method while narrowing their search for a research
group (N = 23). Excerpts coded as Interest in subfield
and method indicated a stronger affinity for a particular
area of research than excerpts coded under Broad inter-
ests. For example, Elena expressed that because she had
already worked in high energy experiment in her under-
graduate research, “I was pretty secure in the fact that
like, this is really what I wanted to do. I work in experi-
mental high energy physics. And so I felt like I had kind
of that track already laid out.” Likewise, while applying
to schools his Senior year, Alex affirmed “My field is ex-
perimental optics, so I generally knew that I wanted to
do something with laser sources, and applications of laser
sources.” Nina also described hoping to stay in the same
research area (high energy experiment) for her PhD, say-
ing that “When I was trying to apply to the US, I was
sort of trying to stick to the, either the same experiment
that I’ve been working on, or something similar.”

Knowing exact research A smaller subset of grad-
uate students in our sample (N = 13) reported being
highly confident in the research that they wanted to pur-
sue, and often knew the exact research group they wanted
to join. For instance, Heather said that being able to
work on machine learning and supernovae was “the one
thing that was actually keeping me in physics and as-
tronomy” (Senior year). Indeed, upon entering gradu-
ate school and beginning to work in her current research

group, she affirmed, “This is exactly what I want to be
doing in astronomy. Like, if I decide this specific thing
isn’t for me, there’s not really anything else I’d rather be
doing here, y’know?” Hence, she suspects that if things
“didn’t work out” with her current advisor, “I probably
wouldn’t stay in grad school. Like, at that point, I would
just go into industry.” Heather’s comments highlight how
strongly some students’ research interests can influence
their willingness to persevere in graduate school.
Most commonly, students described a strong interest

in working with a particular faculty member at their
prospective graduate school. For instance, Rose de-
scribed already having a “person of interest” with whom
she wanted to work in graduate school, while Lakshmi
said she “had it pretty sorted in my mind where I wanted
to go” before arriving. Selena recalled, “I’m pretty sure
my whole admissions essay was just, I want to work with
[this professor]. And also, these other people are cool, but
mostly [him]. Yeah, I sort of came in very much angling
for that.” She noted that this certainty was based pri-
marily on this professor’s research topic, saying “I didn’t
really know much about him other than just what he did.
You know, like what’s available on a website for a pro-
fessor. But it definitely was like, this is stuff I think is
really cool.”

C. Students with narrower interests join research
groups more quickly

Having established a spectrum of categories describ-
ing students’ degree of certainty regarding their research
interests, this section examines differences in when stu-
dents with varying levels of interest joined their research
groups. To do this, we sorted students into groups based
on the highest level of interest they expressed before
starting graduate school (N = 15 in Broad interests,
N = 12 in Interest in subfield and method, and N = 13
in Knowing exact research). We then split each interest
group by when they committed to a research group and
compared student counts.
As illustrated in Figure 4, we observe that students

who expressed having broad research interests upon en-
tering graduate school were more likely to join a group in
their second semester of graduate school or later. Figure
4a) shows that 12 of 15 students who were categorized as
having broad interests found their research groups dur-
ing the second semester or later, compared to 3 of 15
who joined in their first semester or before. The green
bar of 4a) shows that of the 22 students who joined a re-
search group during or after their second semester, 12 of
22 (54%) had been coded as having broad research inter-
ests. This is compared to the red bar, which illustrates
that 3 of 18 (17%) students who committed to a group
first semester or before were coded as having broad inter-
ests. Comparing Figure 4a) to Figs. 4b) and 4c), we see
that the time to join a research group decreases as stu-
dents’ certainty of interest increases. Figure 4b) shows
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Figure 4: Students with broader interests tended to join research groups later than students with narrower
interests. The x-axis breaks down students by the highest level of interest they described upon entering graduate
school. Bars represent the percentage of students in each interest category who joined 1st semester or before (red) or
2nd semester or after (green). Thus, the sum of the red bars and green bars add up to 100%, respectively. The dark
green indicates students who had joined a group early in their graduate careers but switched later on.

33% (N = 6) of students who joined first semester or be-
fore expressed interest in subfield and method, compared
to 27% (N = 6) who joined after first semester. Mean-
while, in Figure 4c), we see that students who came into
graduate school with strong research interests tended to
commit to a research group early. Indeed, 50% (N = 9)
of first semester or earlier joiners were students who de-
scribed knowing the exact research topic they wanted to
pursue. This is compared to just 18% (N = 4) of the stu-
dents who found a group during their second semester or
later.

In addition to sorting students by when they joined a
research group, Figure 4 also indicates whether the stu-
dent had switched out of a different research group prior
to joining their current lab. Of the four students in Fig-
ure 4c) who came in with strong interests but joined later,
three (Benjamin, Kwan, and Tabitha) had switched re-
search groups. This shows how these students had indeed
joined a research group quickly upon entering graduate
school, but discovered that their groups did not fit them
well. For example, Benjamin began working with a re-
search group his senior summer in order to pursue his in-
terest in fusion research, but quickly realized that he did
not like his work or the group’s overall culture as much as
he thought he would. He recalled, “I don’t know. I just
wasn’t super excited about the project... and there was
like, Zoom meetings with a lot of cranky old scientists
that were like yelling matches. It was kind of a nasty
environment.” Thus, neither the research topic or group
environment fit Benjamin’s expectations. However, since
Benjamin had this experience so early in his graduate ca-
reer, he was able to switch groups during his 2nd semester

into one that better suited his interests.

On the other end of the spectrum, we see that three
students who came into graduate school open to a vari-
ety of research topics also switched groups. Two of these
students (Cole and Eric) started to do research immedi-
ately upon arriving at graduate school, but did so with
the goal of exploring their options for research and be-
ginning to meet other graduate students. As described
by Eric, “I spent some time in [a professor’s] lab, just a
few weeks, helping out with stuff around the lab, just to,
I guess, like, meet people and and get a sense of what
the environment was like.” Although Eric acknowledged
that he might enjoy the work and stick with the lab, he
clearly anticipated the possibility that he would want to
leave. He recalled, “I was definitely not confident that it
would work out, which is part of why I was, very early,
trying to see if I could hang out with [that] group for a
while beforehand.” For Eric, his first group amounted
to a pseudo rotation period that he used to get a better
sense of what he might want to do in graduate school.

1. Access to undergraduate research clarifies research
interests

Taken as a whole, these results demonstrate that de-
gree of certainty with regard to research interests is an
important element in an explanatory model characteriz-
ing how and why students join research groups. More-
over, they indicate some of the ways that a student’s
background and access to advanced coursework and un-
dergraduate research opportunities might impact their
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search for a research group down the road. Research
on the impacts of undergraduate research experiences
has shown that students tend to constrain their options
for future work to topics with which they are familiar
[83, 84]. Thus, opportunities to engage with modern re-
search areas in physics as an undergraduate make paths
into those areas seem more open, and simultaneously
open doors to pursuing them in the future. Elena’s com-
ment that working in high energy experiment had been
“already been laid out” for her based on her previous
research experience echoes these findings.

In alignment with prior literature, students in our sam-
ple with stronger interests often cited their undergrad-
uate research experiences as a major factor impacting
their interest development. Desiree described her under-
graduate research working in high energy theory as the
“key event” in her interest development, saying “That
was when I was like, okay, this seems like what I want
to do.” Similarly, Fiona noted that she “did some re-
search where I did my bachelor’s, and then I also did the
two REUs. And from that I knew what I was interested
in was mainly the theory side of stuff, and specifically
stars.”

Despite the fact that undergraduate research experi-
ences are often critical for students’ interest development,
access to undergraduate research is lower for traditionally
underrepresented groups in physics, particularly ethnic
minorities and first-generation college students [85]. One
first-generation student in our sample, Carmen, relayed
how “In undergrad, I mean, I am a first-generation stu-
dent. And I, as many people, struggled with my course
load... I struggled to find someone who could advise me
in research, and I applied to REU programs over the sum-
mer. My own department and externally. The first time I
did that, I did not receive any offers.” The following year,
Carmen earned a research position in their home depart-
ment doing astrophysics, indicating that this experience
was the reason they were able to pursue a graduate de-
gree: “I probably wouldn’t be here to talking with you
today [if not for the REU].”

Still, Carmen felt as though “there were people who
had, in my opinion, more resources and more exposure
to the field at an early age than I did. And so I still didn’t
know what I wanted to do.” Thus, Carmen entered grad-
uate school unsure of the research they wanted to pur-
sue and needing to find a group during their first year
of graduate study. However, as detailed in our previous
work [31], this opened the door to a number of new chal-
lenges as Carmen searched for a group while trying to
adjust to their new environment and taking graduate-
level courses. At points during this process, Carmen
considered leaving the program as these challenges ac-
crued. Hence, Carmen’s experience is a microcosm of
the broader message of this section, that inequitable ac-
cess to formative research experiences can have long-term
effects on the first-year graduate experience. We will re-
turn to Carmen’s story in more detail in Section IVE.

Access to advanced coursework and electives is one fac-

tor that shapes students’ interests, helping them narrow
their research interests sooner. Although Desiree’s in-
terest in high energy theory was confirmed during her
research experience, it initially stemmed from taking ad-
vanced electives: “During my junior and senior years, I
started taking more electives... particle physics, cosmol-
ogy, things that are not in like the main courseload...
[topics] you literally never hear about in undergrad, un-
less you decide to go take a class on it.” Similarly, Matias
cited the graduate-level condensed matter course he took
as a senior as being a pivotal influence, as he strongly dis-
liked the undergraduate version. He recalled, “That pro-
fessor was teaching graduate solid state, and I was like oh
shit, here we go again. But I enrolled. And then when
we looked at it from a graduate perspective, I started
to like it. I was like, wait, okay, actually this is kind
of cool. We looked into topics in a deeper sense you
know?” Yet students from smaller departments, particu-
larly those without a graduate program, might not offer
such courses at all.
Despite the predominant trend that students who ex-

press a high degree of certainty in their interests tend to
join groups more quickly, we see also observe several de-
viations from this tendency. Four students who described
entered graduate school knowing the exact research they
wanted to pursue ended up joining a group sometime
after their second semester. For one of these students,
funding issues for her preferred advisor meant she had to
wait until the summer of her first year to begin work with
him. The other three began working in their preferred re-
search right away, but negative experiences drove them to
switch groups. These students’ narratives are discussed
at length in Section IVE, where we more deeply exam-
ine the difficulties and concerns that students had while
searching for a group.

D. Early connections with prospective advisors
help students join groups sooner

Another major factor that Lovitts cited as predicting
success in the PhD was students’ proactivity in searching
for a research group. Specifically, she found that in the
period before arriving at graduate school, students who
collected information beyond just the school level were
more likely to persist. Students who contacted faculty
directly or went for on-campus visits were more likely to
complete a PhD than students who relied more on the
school’s reputation or looking at faculty websites: “the
closer the source of information to the most interper-
sonal interactional level (faculty), the larger and more
significant the difference between completers and non-
completers becomes.” In this section, we illustrate the
variation in when students start earnestly looking into re-
search groups, and show how students who engage in the
search process earlier tend to join a group more quickly.
For this analysis, we split students’ stages of evalu-

ating research alignment into two categories based on
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the specificity of their search. These were Evaluating
school level alignment and Evaluating individual group
level alignment. We also generated a sub-code within the
larger individual group alignment category called Evalu-
ating project level alignment. As was the case in Section
IVB, students frequently had excerpts appear in several
of these categories. For instance, a student may have
started narrowing their search during their junior year by
trying to figure out which schools have an astrophysics
program (School level alignment). Then once they were
accepted to several programs, they might have started to
think more deeply about which particular groups interest
them (Individual group level alignment).

School level alignment Most students began nar-
rowing their search for a group by trying to determine
whether departments had several professors working in
an area they might be interested in. Excerpts coded
as evaluating School level alignment indicated that stu-
dents were attempting to narrow down their options by
eliminating entire programs, rather than trying to decide
between a handful of professors. Most commonly, stu-
dents leveraged their experiences in undergraduate re-
search and online resources such as school websites to
help in this endeavor. Wendy, a first-generation grad-
uate student who majored in physics and computer sci-
ence, explained that her search for a research group began
with trying to find a program with computational astro-
physics: “My big questions were about what grad schools
to look for, and how to like, find a program that is inter-
esting.” She also noted that “I spent a lot of time figuring
out, even the words ‘computational astrophysics,’ I didn’t
know what that meant for a while. Like, I didn’t know
what the thing I was looking for was.” However, once
she determined that computational astrophysics was the
topic she wanted to pursue in graduate school, she began
“Googling like crazy” and eliminating programs that did
not list computational astrophysics as an active research
area.

Students with broader interests than Wendy indicated
that their criteria for narrowing down schools was not
as stringent. Isaac said that while applying to schools,
“I knew vaguely what area of physics I was interested
in... I guess, at the time, particle physics, and maybe
like quantum field theory, or something. So my thought
was just, you know what, let’s see if there’s anyone out
there doing that.” Online resources also played a big
role at this time for Isaac, who said he would “go to [the
physics department’s] page, look at the professors, and
just click on people who seemed interesting.” A com-
mon refrain from students at this point in their process
was that they wanted to identify programs with several
groups whose research seemed to align with their inter-
ests. For instance, Blake said that she was drawn to
her graduate program because “because there’s a lot of
research in what I wanted to do here,” which was appeal-
ing because “I didn’t have a super specific focus I wanted
within optics” (Senior year).

Many students (N = 28) had excerpts coded in

the School level alignment category, and students were
equally distributed over time to join a group (72% who
joined 1st semester or before and 68% who joined af-
ter first semester). This is indicative of how regardless of
whether students were sure of what research they wanted
to pursue, they still went through this process. Still,
this means 12 students did not discuss looking at their
school’s research at all. While several students may have
simply omitted this from their narratives, some students
specifically noted that they did not filter schools based on
research. For instance, two students attended the same
graduate school where they went to undergrad, and never
contemplated going elsewhere. Another student chose
which graduate schools to apply for based on whether
they offered a fee waiver, figuring they would sort out
their research interests once they arrived. Other stu-
dents primarily filtered graduate schools based on their
location and proximity to family. Meanwhile, several stu-
dents strongly coupled their choice of graduate school to
an individual advisor, and therefore never talked about
considering the research going on in the broader depart-
ment.

Indivdual group level alignment Excerpts with
student attempts to determine research interest congru-
ence with just one or a few groups were coded as Evalu-
ating individual group level alignment. While the school
level alignment phase commonly had students looking at
school websites for help, this phase most commonly char-
acterized by talking to prospective advisors and graduate
students directly. In both stages, students reflected of-
ten on their undergraduate research experiences for help
deciding whether a research topic seemed interesting. In
sum, excerpts from N = 34 unique students were coded
under Evaluating individual group alignment, again indi-
cating that students went through this process regardless
of interest level.

Students often described becoming more focused on
particular groups once they arrived in graduate school.
For instance, Valerie recalled beginning to “go between
research group to research group, all these different meet-
ings... definitely comparing them against each other, and
then comparing them against the good internship experi-
ence I had.” Hassan said that it was “first semester when
I slowly started getting more into, like the in-depth por-
tion of the research that he did.” This involved meeting
directly with his prospective advisor: “I went and met
with him. We briefly talked about what he does, I got
a tour of the lab.” Jiya emphasized that one of the pri-
mary benefits of being on campus with prospective ad-
visors was that she could ask them directly about their
research, saying “I want to hear it from them, like how
they describe it.”

However, many students emphasized that they had al-
ready made efforts to evaluate individual groups before
they arrived for their first semester of graduate school.
For some, this was an integral part of choosing which
school to attend; as described by Chloe, “for me, choos-
ing a school was pretty much choosing a research group.”
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In an effort to figure out who she wanted to work with
before accepting an offer, she described “the hell of meet-
ing with every single faculty member and every single one
of their grad students and every single one of their co-
workers” while finishing her Senior year of undergrad,
which made her feel “immensely anxious.” These meet-
ings with faculty were her main source of information re-
garding each group’s research activities: “For specifically
doing the research I wanted to do, that primarily came
from the advisors.” Beyond the interpersonal connection
offered by just contacting professors, Irene described the
benefits of being able to try working in a lab the sum-
mer before graduate school. She recalled how she was
“very, very stuck in a rut” between wanting to work with
two individual faculty members, but when one of them
reached out to her and offered her a summer research
position prior to starting graduate school, Irene took the
opportunity. “At the end of the summer, [the professor]
was like, you know, if you want to join our group, you
can join our group.”

Within the category of looking at individual groups,
several students described specifically wanting to evalu-
ate research at the Project level. Excerpts coded under
this category show how students sought to understand
more precisely what they would work on in the lab if
they were to join, and what to expect in their day-to-
day tasks. For example, after being accepted to his top
choice graduate school in his Senior year of undergrad,
Alex recalled asking professors, “Where do you see your
research going in the next three to six years? Is the work
that you’re doing now going to continue, or am I going
to join your group and find that you’re pivoting 180 de-
grees? And you know, now you’re not doing the work
that I joined your group to do” (Senior year). Matias
similarly wanted to know what the “day-to-day” of his
work would be like in a prospective group, which he was
able to answer by earning a fellowship to work there the
summer before graduate school. He said, “I would say if I
didn’t have that opportunity, I would still be very uncer-
tain right now.” Comparatively fewer students (N = 15)
made statements coded in under this sub-category, sug-
gesting that it may not be a topic that students looking
for groups consider as often or feel that they are able to
evaluate before deciding to join a group.

In total, N = 24 students talked about evaluating
their interest in individual groups before graduate school,
while N = 11 only talked about looking at research
groups after arriving in graduate school. Figure 5 plots
these two subsets of students, split by when they joined
a research group. We see that students who joined
a research group during or before their 1st semester
were more likely to have evaluated individual groups or
projects before they arrived in graduate school than stu-
dents who found a group second semester or later. 72%
(N = 13) of students who committed to a research group
in their first semester or earlier had started the process
of evaluating individual research groups before graduate
school, compared to 45% (N = 10) of students who joined
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Figure 5: Students who engage in the search process
earlier tend to join a group more quickly. The x-axis
splits students by whether they had begun evaluating
individual research groups before or after starting
graduate school. Bars represent the percentage of
students in each interest category who joined 1st
semester or before (red) or 2nd semester or after
(green). Dark green indicates students who switched
research groups. In this case, the bars do not add to
100% because not all students had excerpts coded under
evaluating individual groups.

second semester or later. Only 11% (N = 2) of the earlier
joiners indicated that they had not already been looking
at specific groups prior to arriving in graduate school. On
the other hand, 41% (N = 9) of those who joined sec-
ond semester or later did not begin closely looking into
individual groups until starting their programs. This il-
lustrates the variation in when students start earnestly
looking into research groups, and shows how students
who engage in the search process earlier tend to join a
group more quickly.

Figure 5 also highlights the subset of students in our
sample who switched research groups, shown in dark
green. The two students represented by the dark green
bar on the left are Benjamin and Tabitha, both of whom
were also categorized as knowing the exact research they
wanted to pursue. Benjamin was guided toward his re-
search group by his undergraduate advisor, who was
a collaborator with his prospective graduate advisor;
Tabitha’s prospective advisor contacted her directly to
recruit her to his group. However, unlike many of the
other students who found their groups through strong
connections to their undergraduate research, both stu-
dents found that their graduate labs did not fit them
well and switched.

Meanwhile, Cole and Eric are among the four switchers
represented by the dark green bar on the right of Figure
5. As discussed in Section IVB, Eric and Cole came into
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graduate school with broad interests. Yet despite hav-
ing little contact with the professors beforehand, both
started working in research groups shortly after arriving.
This illustrates a major difference from many other stu-
dents in our sample, as Cole and Eric were willing to join
a group quickly without much looking. They intended to
explore and likely switch groups later, which is an option
that other interviewees with broad interests did not do
(or did not know was an option at all).

1. Connections from undergraduate experiences help
students search earlier

The resources that students used while looking at
schools or contacting individual research groups varied.
Websites and prior experiences helped to figure out which
schools might have interesting research, but students of-
ten had difficulty gleaning more specific details about
a professor’s research solely from online resources. For
that, other sources of help, such as one-on-one conversa-
tions with faculty, were significantly more valuable. At
the same time, websites are significantly more accessible
and less intimidating than meetings with graduate fac-
ulty.

Prior to arriving in graduate school, setting up meet-
ings with prospective advisors with whom students are
not co-located is more difficult and requires more effort.
Matias discussed the lack of time associated with finish-
ing undergraduate coursework at the same time as apply-
ing to graduate school: “I barely had time because I’m
finishing up my semester, I did a double major so every
semester was like 20 units, so I was like, up to here with
work. And so it was really, it’s really hard to set time
aside to look into these things, you know? Also... I was
like, I’m not even gonna get in. So what’s the point of
looking into it?” Some discussed anxiety associated with
reaching out to faculty. For example, Jiya indicated that
she struggled with being able to “put myself out there”
and start talking to faculty. Isaac recalled that “I guess
the biggest question I had was, if I were to summarize,
how to find someone I’m interested in and then how to
talk to them and have them not think I’m an idiot.”

Some students’ experiences put them in a better posi-
tion to navigate these difficulties. For instance, Felipe’s
undergraduate research advisor helped him make connec-
tions with his eventual group in graduate school: “One
of [my mentors] encouraged me to apply here. Because
he knew the people in the research group I was interested
in working with, so it was like, seems like a nice fit.” Fe-
lipe leveraged his undergraduate advisor’s connections to
break the ice with his eventual graduate advisor. Simi-
larly, Alex said that emailing faculty was easy after his
REU, which he described as “a program whose sole pur-
pose was to help students get into [the school, so I] had
those connections essentially made for me. So when I
wanted to take advantage, all I needed to do was send
an email, basically no introduction necessary.” The net-

working opportunities that undergraduate research pro-
vided allowed some students to more efficiently get in
touch with individual groups. Meanwhile, Selena cited
her background at a small school as a distinct disadvan-
tage during her search. “My school was small enough, we
didn’t have connections to these places I was applying.
So it wasn’t like I could say to the person I’m working
with in my school, can you reach out to someone there?
Can you help me find someone? So it was very much like
Google, and a lot of clicking, was how I tried to piece it
together.”
These results suggest some of the resources used to

more closely evaluate research groups (e.g., meetings with
faculty) may not be as easily accessible to some students
as others. Some are less likely to have the time or con-
nections to look beyond the school level while narrow-
ing down groups, Or they simply may not know whether
certain activities, such as reaching out to faculty before
starting their graduate program, are appropriate.

E. Difficulties and concerns in the group search

Thus far, we have observed that students who joined
research groups in their first semester or before tended
to have narrower interests and began looking at groups
sooner than students who joined second semester or later.
These results suggest that students’ interest development
and proactivity in the search process are important con-
structs in a model of how and why students join research
groups. Our results have also illustrated several bene-
fits perceived by students who joined a group earlier in
their graduate careers. These included a sense of security
knowing they did not have to search for a group during
the first year of coursework, and in some cases an accel-
erated timeline toward graduation.
Here, we more systematically examine some of the ben-

efits and drawbacks associated with students’ time to join
a research group by leveraging the results of previous
work, which described some of the themes surrounding
students’ difficulties searching for a research group (e.g.,
Coursework and research in tension, Wanting more ways
to meet grad students and groups) [31]. We also included
several new categories that our prior work did not dis-
cuss (e.g., Funding, Career concerns), and refined others
based on the inclusion of more interviews in our analysis
(e.g., Doubting ability to do research was previously part
of Feeling unprepared).
A summary of the ten common categories of difficul-

ties that students encountered, including definitions and
exemplar quotes, is shown in Table III. For each diffi-
culty, we examined whether it was more or less prevalent
among students who joined before their first semester or
after. The table was organized into sections based on
whether the concerns were more commonly found among
students who joined in the first semester or earlier, sec-
ond semester or later, or were approximately the same.
Sections are sorted in descending order by code occur-
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rence.

Differences across time to join Many students
(N = 23) across our sample expressed concerns over
Funding, but they were more commonly voiced by stu-
dents who found their group in the second semester
or later. Excerpts coded as Funding concerns revolved
around uncertainty in whether a group had funding,
or students’ perception that competition for a spot in
a group was high due to limited funds. For instance,
Nathan recounted a meeting with a prospective advisor
who did not have a spot in his group because another stu-
dent had already approached the professor: “He had one
slot that was likely being taken by an incoming student
who already had a master’s. How am I going to compete
with that?” Several students suspected that competition
for spots stemmed from admissions decisions. Jack said,
“They have a very bad history of that... there’s maybe
four or five professors, and they all have maybe three
students across all five years of the PhD, right? So it’s
maybe 15 spots overall. Some years they take 15 people
in one year... And then people have to go and, they go
do different areas of physics.” This result aligns with ear-
lier comments from students who reached out to research
groups early and cited it as the reason they were able to
get into their group ahead of others.

Another highly cited concern for many students (N =
22) was Doubting ability to do research. These students
described feeling unprepared for graduate research, and
often referred to a sense of imposter syndrome, which is
a common phenomenon amongst PhD students [86, 87].
As Wendy put it, “Just a difficulty, maybe it’s more of
like imposter syndrome. Like, let’s say, I do join the
research group, am I going to do well? Am I going to
be smart enough to handle all these smart and complex
topics?” Meanwhile, when Pauline changed to a new re-
search group at the end of her second semester, she said,
“I can’t say I felt as confident because it was all, it’s a lot
of in-lab work,” which she had never done before. This
code also included instances of students discussing diffi-
culties understanding what a group’s research entailed,
which we detailed in our previous work [31].

These concerns were less common among students who
joined a group earlier, who were also more likely to be
more confident in the research they wanted to pursue.
One major contributor to students’ self-efficacy is expe-
rience successfully performing a task (e.g., a student who
does research in an optics lab tends to feel more capable
of doing that research in the future) [43]. Students who
enter graduate school having already done a significant
amount research of research is more likely to have more
strongly developed interests, and is also more likely to feel
confident in their ability to succeed in future research.

Some students (N = 16) also described Difficulty com-
municating with advisors as an issue they experienced
during their search for a group. This difficulty predom-
inantly revolved around students’ own anxiety being a
barrier to reaching out to prospective advisors. Eric
noted that worrying about impressing professors “wasn’t

a huge barrier” but “definitely made me hesitate in send-
ing emails.” Meanwhile, Dev lamented that the process
of contacting advisors “feels asymmetric” since “we have
to put so much effort to figure out what they’re doing,
while some of them don’t even update their websites...
there’s no way to communicate except for them feeling
like replying to our emails.” Students who committed to
a group first semester or earlier encountered this difficulty
at a slightly lower rate. However, none of these students
shared the concern Wanting more ways to meet grad stu-
dents and groups groups, whereas six of the students who
joined second semester or later were found under both
codes. This may suggest that the subset of students who
joined later in the first year were more likely to put off
reaching out, and therefore tended to want departmental
support with that process.

Indeed, we see that students who joined second
semester or later were far more likely to discuss Wanting
more ways to meet grad students and groups. Students
who sought more structure meeting groups often talked
about wanting ways to try different research, which aligns
with the finding that these students also tended to en-
ter graduate school with broader research interests and
were less likely to have already connected with individual
research groups. Additionally, we see that this subset of
students also tended to have more struggles with Course-
work and research in tension, as classes prevented them
from dedicating time to their group search. Students who
joined early occasionally cited this difficulty, but it was
typically in regard to their desire to begin doing research
in their lab rather than taking classes that they felt were
not beneficial. Students who were able to enter into a
research group early did not have to search for a group
while taking classes. This lack of time may have played
a role in wanting more structured ways to meet research
groups, as their schedules prevented them from doing so
on their own time.

Although many of the difficulties discussed more com-
monly affected students who had not joined a group by
their first semester, our results also reveal several draw-
backs of joining a research group so early (the bottom of
Table III). Most notably, there was a higher prevalence
of students being worried about Commitment to research
before joining a group. Olivia, who planned to begin
doing research with a professor as soon as she arrived
in graduate school, feared that she could “get there and
start talking about the research and doing it, and I might
not like it at all... I don’t really know the solution for
that.” Oftentimes students who had committed early to
a group worried that they may be missing out on a better
opportunity. This included students who expressed be-
ing confident in their choice of research. Ursula recalled
that she “was trying not to pigeonhole myself too early
still, even though I knew I loved this subfield.” In the
end though, she committed to working with a professor
whom she collaborated with during her undergraduate
research.

Lastly, we observe that students discussed having a
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Code applied and short definition (N) Example excerpt Joined
earlier

Joined
typical

Concerns more common for students who joined a group 2nd semester or later N (%) N (%)

Funding (23): Instances of students indicating
they needed to find out if a group had funding,
or were concerned about competition for spots
due to lack of funding

“My position is not so well right now... his
funding has dried out a bit. There are a lot of
students who want to do a PhD under him...
there are about 12 students already.”

8 (44%) 15 (68%)
(5 switched)

Doubting ability to do research (22):
Student concerns about their physics knowledge
and research skills, impacting their ability to
understand the research going on in a lab or
make progress in research. Imposter syndrome is
often mentioned.

“Just a difficulty, maybe it’s more of like
imposter syndrome. Like, let’s say I do join the
research group, am I going to do well? Am I
going to be smart enough to handle all these
smart and complex topics?”

8 (44%) 14 (64%)
(5 switched)

Coursework and research in tension (18):
Student difficulties with discerning how much
time to dedicate to coursework or
research/searching for a research group.
Included comments indicating that the content
covered in classes is misaligned with research.

“As far as thoughts and feelings about the
process as I was working on finding something, I
feel like a lot of that got swamped out by the
other things that I was doing that first year. Just
being very busy with classes and teaching.”

6 (33%) 12 (55%)
(3 switched)

Difficulty communicating with advisors
(16): Struggling to get in touch with advisors,
often due to students’ own anxiety spurred by
desire to impress faculty.

“I was concerned about making sure I asked the
right questions about the papers and like, looked
smart... being very scared of looking stupid in
front of a professor.”

6 (33%) 10 (45%)
(3 switched)

Considering leaving the program (9):
Comments in which students recall wanting to
leave their graduate program entirely. Also
includes discussion of topics adjacent to leaving,
such as experiencing depression and doubting
one’s ability to complete the PhD.

“That’s also when I expressed to [my advisor]
that I might not stay for the whole program, I
might leave after a master’s.”

2 (11%) 7 (32%)
(3 switched)

Wanting more ways to meet grad students
and groups (8): Descriptions of departments
inadequately promoting communication between
students and research groups. Includes wishing
there was a trial period for trying a group.

“In theory at least, it seems like having some
structure in place to be able to, if not work with
groups, at least visit them in person and see
what it looks like to work in that group would be
helpful.”

1 (6%) 7 (32%)
(2 switched)

Concerns with similar prevalence regardless of time to join N (%) N (%)

Considering switching or switched groups
(19): Statements from students who are
deciding whether to stay in a group or leave.
Includes concerns about leaving. Distinct from
Commitment to research, which refers to
comments before students started work in the
group.

“So that was probably the biggest challenge for
me, even trying to make up my mind if I want
to stick to this group that I joined at the very
beginning.”

8 (44%) 11 (50%)
(7 switched)

Wanting more guidance on steps to find
advisor (12): Remarks from students wishing
that there had been additional resources from
the department with expectations and advice on
finding a research group

“I think the difficulty was not knowing where to
reach out for help initially...I just feel like that’s
part of the degree, right? Finding someone. So I
feel like it should be should be readily available
somewhere.”

5 (28%) 7 (32%)
(3 switched)

Hard time adjusting to graduate school (9):
Concerns about the structure of graduate school
and feeling comfortable in the new environment
overall, not necessarily related to the group
search.

“I didn’t know a whole lot about grad school and
academia in general... like, okay, I just
submitted all my applications. Let me find out a
bit more about what I’m getting into.”

4 (22%) 5 (23%)
(1 switched)

Concerns more common for students who joined a group 1st semester or earlier N (%) N (%)

Commitment to research (20):
Worrying about the long-term nature of
research, particularly apprehension about
devotion a specific research topic area

“At this point it’s like I’m committing to
something for like the rest of my life. Oh my
gosh, that’s terrifying.”

12 (67%) 8 (36%)
(1 switched)

Table III: Summary of codes capturing the difficulties and concerns that students encountered during their group
search. Code definitions and exemplar excerpts are provided, along with a count of the unique number of students
who reported each difficulty. Counts are broken down by the students who joined a research group their first
semester (Joined earlier) or before versus their second semester or after (Joined typical). Percentages represent the
fraction of students within each group (e.g., 8 of 18 = 44% early joiners reported funding concerns). The number of
students who switched groups is also indicated.
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Hard time adjusting to graduate school and Wanting
more guidance on steps to find an advisor at similar rates,
regardless of when they joined. This result is consistent
with our prior work indicating that regardless of prior
experiences, students tended to recognize that there was
little structure in place to guide students into research
groups. For instance, Elena joined her research group in
her first semester, but noted how her “network” that she
had built during undergraduate research “really helped
me not feel so alone, and not feel so like, who would I
even talk to in the first place?” It is also notable that
among the nine students who described struggling to ad-
just to graduate school, four identified as first-generation
students. Among these four, two had considered leaving
their programs and struggled to find a group. The other
two had the opportunity to participate in the McNair
Scholars program, a post-baccalaureate program meant
to increase the number of PhDs earned by underrepre-
sented students. They cited this as a major source of
help in dealing with their uncertainties about graduate
school and coaching them on when to apply and start
looking for research groups. This illustrates how giving
structure and guidance can have a major impact on stu-
dents’ graduate school success.

1. Looking at the subset thinking about leaving

As outlined in the introduction, attrition is a persistent
issue in physics graduate education. Of the 40 students
in our sample, N = 9 identified a time during their nar-
ratives when they Considered leaving the program. Thus,
their cases are particularly important to understand in
order to better identify students most at risk for leaving.
As shown in Table III, we observe that 2 of 9 students
who considered leaving their programs were students who
joined their research group in their first semester or be-
fore, suggesting that students who are able to begin re-
search quickly were less likely to discuss leaving their
programs. This aligns with one of the major findings of
our previous work, that students who struggled to navi-
gate the search process tended to experience lower sense
of belonging, and were therefore more likely to leave.

Among the subset of 7 students who joined after their
first semester and who considered leaving, we now focus
on two that highlight both the negative impact of strug-
gling to find a group and the benefits that students can
reap from a positive research environment. In the context
of results from previous sections, their narratives exem-
plify how students’ background experiences can impact
their search for a research group, and subsequently their
decision to stay or leave their programs.

Brianna and Carmen were both first-generation stu-
dents who entered graduate school unsure of the exact re-
search they wanted to pursue, a fact Carmen directly at-
tributed to previous difficulties finding an undergraduate
research advisor (see Section IVB). As with many stu-
dents with broad interests, Brianna had predominantly

been evaluating research at the school level: “I chose
[the school] specifically because, not because of the re-
search, but because of the proximity... and, I saw that
they did have a good like three or four astrophysicists
here.” On the other hand, Carmen “applied to a bunch
of programs and got rejected from all of them,” but was
able to earn admittance to an institution through the
APS Bridge program. With regard to finding a research
group though, Carmen saw their position as disadvanta-
geous: “I was excited to have been admitted, but it’s not
the traditional route where you know who you’re going
to work with. That’s a common story that I hear, right?
But I did not know who I was going to work with. I was
just taking it one moment at a time, because that’s the
cards that life had dealt me.”

Upon entering graduate school, Brianna and Carmen
grappled with many of the challenges enumerated in Ta-
ble III. Seeing other students who had already joined
groups drove concern that they were already falling be-
hind. As Brianna recalled, “When I saw that everybody
else had advisors, I was kind of freaking out, because
I’m like, how? They just got here, how do they already
have advisors?” Seeing others seemingly “succeed” in
the program where they had not contributed to linger-
ing Doubts about ability to do research. Indeed, Carmen
described entering graduate school feeling like “I wasn’t
sure if I would be successful or not.” Such concerns
were exacerbated by a Hard time adjusting to graduate
school, which both Brianna and Carmen attributed to be-
ing first-gen students. As Brianna said, “I didn’t know
anything about grad school. I’m the first in my family to
go to grad school. So I had no idea what I was doing.”
Lacking formal expectations, it was unclear whether she
was on the right track or not.

As the first year progressed, both students experienced
difficulties with Funding, Wanting more ways to meet
grad students and groups, Coursework and research in
tension, Difficulty communicating with advisors, and that
contributed to their consideration to leave. Being denied
from groups due to funding constraints negatively im-
pacted sense of belonging for both students. Carmen
was rejected from the first group they approached: “be-
ing my first attempt to reach out to a potential advi-
sor, that was not a good feeling.” Brianna went to four
professors in her department who all“said no, because
they didn’t have funding for another grad student... per-
sonally, I thought I was cursed.” Carmen felt that the
department did not do an adequate job facilitating in-
teractions between graduate students, saying “I also felt
like I lacked a sense of community... yeah, a lot of my
concerns were community based.” Brianna recalled be-
ing confused as to “whether or not I had to find [a group]
right away, as opposed to like, waiting out and focusing
on trying to pass the courses first.” Opting to focus on
coursework, she “was under the impression that could
wait till my second year,” until the department informed
her she needed a group by the summer, which made her
feel“taken aback. I was scared.” Carmen described all
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of the first year responsibilities as “more overwhelming
than I had expected.” Both described anxiety associated
with seeking out help from faculty; as Brianna said, “I
just didn’t know what was appropriate to ask and what
not to ask... when you’re talking to people who hold the
fate of your career in their hands, it’s like, I don’t know
if they’re gonna think I’m dumb for asking this question.
Because I’ve never experienced any of this before.”

In the end, both Carmen and Brianna were able to find
research groups and remained in their programs. Carmen
was “thankfully” able to connect with an advisor through
a voluntary departmental seminar series, but indicated
that “first year me” could have easily missed it. Bri-
anna meanwhile described making a “desperate plea” to
one more professor, who was able to fund her. However,
taken as a whole, these cases show how the difficulties
most strongly associated with looking for a group while
in graduate school can have major negative impacts on
students. Many students in our sample experienced these
challenges, but for Brianna and Carmen, they accrued
over the first year to an extent that pushed them to the
brink of leaving.

Our results have generally highlighted that that stu-
dents who joined their research groups earlier in their
graduate careers felt that it offered them a variety of
benefits, such as avoiding competition for funding and
alleviating anxiety in their first year. However, a closer
examination of the students who considered leaving their
programs shows that this only tells part of the story, and
illustrates the potential hazards of getting into a group
too quickly.

Leading up to graduate school, Tabitha and Kwan de-
scribed antipodal experiences to those described by Bri-
anna and Carmen. Both Tabitha and Kwan came into
graduate school knowing exactly the kind of research they
wanted to pursue, and had been in contact with prospec-
tive advisors before arriving to their programs. Kwan
was guided to potential groups by his undergraduate re-
search advisor, saying “some other candidate professors
made my list but I screened them out by talking with my
previous advisor. He was very supportive for applying
to graduate school.” Meanwhile, Tabitha’s prospective
advisor was a co-author on one of her undergraduate re-
search papers: “So one of the professors at [this school]
reached out to me and he was like, ‘Hey, I read your the-
sis. We would like to keep on working on this and make
it an actual paper’ and I was like, sure.” Thus, when
it came time for her to find a PhD program, this fac-
ulty member was a natural fit. She recalled him asking,
“‘Have you to considered going to [this school]?’ Because
he just happened to work here. Once again it’s like, you
want me, you want to have me as your student? I’m not
gonna say no.”

Thus, Tabitha and Kwan seemed to enter their gradu-
ate programs with several advantages relative to Brianna
and Carmen. Both expressed confidence in their ability
to succeed in graduate school given their prior research
experience. Kwan noted that he had earned “lots of

achievements, I got a best paper award. And I got three
journal publications under [my undergraduate advisor]...
I presented a lot of international conference presentations
and domestic conference presentations.” They did not
need to rely on their graduate departments to connect
them with research groups, and they did not have fund-
ing issues. Tabitha described her research as the “per-
fect” topic for her interests. Yet in their second years as
PhD students, both switched out of their research groups
and were considering leaving their programs.

Tabitha’s and Kwan’s research topics matched their
interests excellently, but their work environments drove
them to leave. From the outset Kwan felt that it was
“inappropriate” for his advisor’s significant other to be
working in the lab, and felt that the advisor treated him
unfairly because of this dynamic. “It was a kind of big
problem, a big burden. And one day we just yelled at
each other, this kind of serious argument.” In his next
meeting, his advisor said that their research style was
“not fit” for him, and asked him to leave the lab. Kwan,
an international student, recalled, “it was really stress-
ful... I thought, why did I come to US?” He continued,
saying “...it was a kind very tough time for me. And I
regretted about my decision to come to US a lot during
my first year.” Meanwhile, Tabitha became disillusioned
with her group due to the poor working environment fos-
tered by the advisor. She said her advisor “created a very
toxic work environment... always trying to gaslight me
into believing I was not good enough to be here... [trying]
to force me to work outside of my working hours.” Yet
because she had come to the school specifically to work
with this professor, she felt obligated to stay: “It took
me a while to realize that I was not in a healthy work en-
vironment. Mostly because I was so, in a way, indebted
to this professor for giving me the opportunity to come
here. I think I thought, ‘Oh, yeah. He’s not great, but
I’m here because of him.” More details of Tabitha’s case
are detailed in our prior work [31].

Other students in our study had joined groups early
and subsequently switched, but only Tabitha and Kwan
indicated that they considered whether they would be
able to continue in their programs. Other students in
our sample were motivated to switch groups in order to
find research that better aligned with their interests, but
none of them indicated that their experience drove them
to consider leaving their programs. Indeed, for students
who came in with broad interests and joined a group
in order to try out the research, switching was an ex-
pected and positive move. Consistent with prior liter-
ature on the impact of negative advising relationships,
Tabitha’s and Kwan’s narratives demonstrate the major
impact of group culture on student satisfaction. They
also illustrate the negative influence that joining a group
so early can have on students’ likelihood to stay in their
programs. Tabitha said of her experience, “I definitely
think that could have been avoided,” and she wished that
that someone had told her earlier to rethink working for
her advisor. Reflecting on her search for a group, she em-
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phasized to future students that “It’s a balance. It’s hard
to balance having a good advisor and having a research
field that you’re actually passionate about.”

V. DISCUSSION

This study has examined the ways that physics PhD
students’ research interests influence their search for a
research group in graduate school. In this section, we
synthesize our results in an explanatory model of stu-
dent outcomes, shown in Figure 6. Grounded in data,
the model highlights the connections between students’
backgrounds, their research interests, when they search
for a group, and the consequences of searching for a group
before or during graduate school. Moreover, by trac-
ing students’ journeys group back to their undergrad-
uate years, this model offers unique insight into some
of the ways that inequitable access to formative experi-
ences for can affect outcomes down the road in graduate
school. Whereas prior research has correlated individual
constructs (e.g., broad interests) with leaving [1], this
model illustrates how these factors interact and influence
a range of student outcomes. Figure 7 provides several
examples of how students described throughout the study
map onto the diagram shown in Figure 6. The elements
of Figure 7 align from left to right with the elements of
the path diagram, and share headings to highlight how
the two figures relate.

Critically, our work offers insight into two characteris-
tic pathways that we observed as placing students at a
higher likelihood of leaving their programs, highlighted in
Figs.7a) and b). Figure 7a) represents the path exempli-
fied by Brianna and Carmen. Both were first-generation
students who entered graduate school unsure of what re-
search they wanted to pursue. Thus their group search
took place in graduate school, where they encountered a
number of difficulties that impacted their overall sense
of belonging in the program. Indeed, both considered
leaving their programs before finding a research group.
Meanwhile, Figure 7b) represents the path exemplified by
Tabitha and Kwan, beginning with their strong research
backgrounds that made them confident in the research
they wanted to do in graduate school. Both students
found a research advisor before they arrived in graduate
school, primarily based on their research topic. However,
upon working in their research groups during their first
year, they recognized that their labs did not provide a
working environment conducive to their success and con-
sidered leaving.

Many other students’ experiences are described well by
the model too, as summarized in Figure 7. For example,
Elena, Nina, and Alex are illustrative of the path shown
in Figure 7c). Their undergraduate research played a
defining role in determining the research they wanted to
pursue in graduate school. Moreover, although this anal-
ysis primarily focused on the role of research interests
in students’ search for a research group, many students

in our sample were clearly cognizant of cultural factors
in their choice of research group. For Elena, Nina, and
Alex, their undergraduate institutions and research ex-
periences gave them strong connections to their prospec-
tive groups. Ursula and Elena had already worked on the
same collaborations as their eventual graduate advisors,
and Alex’s undergraduate advisor had previously worked
with his prospective graduate advisor. Thus, this subset
of students had insight into both the research and cul-
tural aspects of their research groups early on in their
search process, and they joined their labs with high con-
fidence in having a good fit.

Another notable pathway through the model is illus-
trated by Eric, Cole, and Kali in Figure 7d). We refer-
enced Eric and Cole in Section IVB as having a broad set
of interests coming into graduate school, but who joined
a research group early anyway. Kali was also discussed
in this section, as she indicated that she wanted to “ex-
plore.” Thus, none of these students applied to their
schools with the intention of working with a specific pro-
fessor. Eric and Cole joined groups near the beginning
of their graduate programs anyway, figuring that if it
did not work out they would have time to switch. In
effect, they were creating their own “rotation systems”
Meanwhile, Kali’s program had institutionalized a rota-
tion program, which also allowed her to try a lab and
switch. We did not include Kali in our count of students
who switched groups since it was a mandatory aspect
of her graduate program, but we include her experience
here since it most closely resembles the path shown in
Figure 7d). Indeed, all three students found their first
labs to be poor fits, predominantly due to the research.
Therefore, they left and found new groups by the end of
their first year summer.

Lastly, in Figure 7e) we highlight several students
who took a similar path as Brianna and Carmen but
who never reported feeling isolation in their programs.
Rather, they were able to navigate the search process
in spite of the difficulties they experienced. Isaac and
Ash had both done undergraduate research but remained
unsure of what exactly they wanted to do in graduate
school. Both reported having to balance coursework and
research was a major issue during their first year and hin-
dered their search, and both indicated that their depart-
ments did not provide much support in helping facilitate
their group search. However, they never indicated that
they were considering leaving their programs, and navi-
gated their difficulties to find research groups by the end
of the first year. One important factor that undoubtedly
contributed to this difference was Brianna and Carmen’s
status as first-generation students. They cited this sev-
eral times as a major reason for their struggle adjusting
to graduate school overall. Difficulties navigating other
aspects of graduate school while also worrying about find-
ing a group undoubtedly exacerbated their negative feel-
ings. We suspect that other factors contributed to the
different outcomes as well, including departmental cul-
ture and the presence or absence of a strong graduate
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Figure 6: A model of characteristic pathways that physics PhD students take during the process of evaluating the
congruence of a group’s research interests, exposing several underlying factors that contribute to students to
thinking about leaving their programs. Whereas prior research has correlated individual constructs (e.g., broad
interests) with leaving [1], this model illustrates how these factors interact and influence a range of student
outcomes. Although it was not the focus of the current study (signified by the light grey outline), we include
evaluating group culture as a known feature of the group search process. See Figure 7 for examples of how students
in this study map onto the model.

student cohort, but we did not investigate these elements
in this work. In the future, we hope to examine differ-
ences across students’ narratives to investigate what stu-
dents found most helpful and hurtful while looking for a
group.

Implications for departments If departments are
able to better identify students that are most likely to
leave, they may be better equipped to provide targeted
support. Thus, one significant contribution of this work
is its potential to help physics departments reduce attri-
tion and increase the number of students who finish a
PhD.

On one hand, not all students enter graduate school
knowing what topic they want to research, and may not
have had as many opportunities to develop their inter-
ests as their peers. Having broad interests in physics
is not a bad thing, and is actually a characteristic that
many professional physicists claim to possess [88]. Plenty
of students likely became attracted to physics in the
first place because it allowed them to study all differ-
ent aspects of the universe. However, physics graduate
programs are generally not set up to support students
looking to explore their research interests. Some ad-
dressed this by joining a group quickly, creating their own
“pseudo-rotation.” But other students might not know
this is an option, or that being part of a lab community
during their first semester might be beneficial. From a

funding perspective, students may be most free to ex-
plore during their first year when they are paid by the
department; yet this is also the period when coursework
makes exploration most difficult.

Departments should provide clear expectations regard-
ing when and how students should engage in the group
search process. Based on this work and our prior re-
search [31], there is a compelling case that taking part in
research activities in a low-commitment way early in the
graduate experience is predominantly beneficial for stu-
dents. Yet official program requirements for the depart-
ments in this study generally did not indicate whether
trying to engage in research during the first year was
preferable, or even allowed.

Meanwhile, handbooks often have clear expectations
for passing classes and qualifying exams during the first
year. It is therefore unsurprising that students who come
in relying on formal departmental guidance to navigate
the first year may deliberately opt to delay looking for
a group in favor of passing classes. However, this sys-
tematically disadvantages the 25% of physics graduate
students who identify as first-generation college students,
as this group is less likely to reach out for help on their
own [89, 90]. Lacking guidance to the contrary, students
may perceive experiences such as being denied access to
a group due to funding seem like personal failings, con-
tributing to feelings of isolation.
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Figure 7: Several examples of students whose experiences searching for a group with congruent research interests
are well-described by the model in Figure 6. Each row represents a characteristic type of student experience,
described alongside the student names in the study who fit that archetype. The paths listed under a) and b)
describe students who our results suggested were at a higher risk of leaving their programs.

In stark contrast, we also observed individuals in our
sample who had strong preferences for research before
arriving to graduate school. Several based their deci-
sions to join a group almost entirely on research inter-

est, which increased their risk for joining a lab with a
poor working environment. Making evaluation of the
group’s culture an explicit expectation during the first
year might encourage such students to think about this
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aspect of the group search more carefully. Moreover, in
accordance with APS Bridge recommendations [91], de-
partments should engage in progress monitoring to give
students feedback on how they are navigating the group
search. As exemplified by Tabitha and Kwan, students
who appear to be navigating graduate school well on the
surface might inadvertently be placing themselves in a
lab that does not provide them a high chance of succeed-
ing. Indeed, Tabitha believed her situation was avoid-
able, and indicated that she would have done things dif-
ferently if someone had encouraged her to talk to her
advisor’s former students.

Meanwhile, it may also be unclear as to which stu-
dents are struggling with issues such as reaching out
to advisors, getting funding, and beginning to feel iso-
lated in their programs. Providing students with a space
to discuss their progress with a member of the depart-
ment could help students avoid the pathways that lead
to a higher risk of leaving. One way to facilitate these
meetings could be through development of an individual
development plan (IDP) tool for physics graduate stu-
dents. IDPs are tools designed to help students explicate
their career goals and describe in detail how they plan to
meet them [92–94]. Hence, IDPs serve as a way to help
students know what they should be doing at each step
of their doctoral process in order to achieve their goals,
and may help facilitate conversation regarding progress
through the program.

Our results highlight the diversity of student experi-
ences leading up to their enrollment in graduate school,
and indicate the need for individualized advising and sup-
port to reflect this diversity. Graduate programs can-
not treat support for students monolithically, as exist-
ing structures often do. For instance, one of the pri-
mary ways that physics departments help students find a
research group is through mandatory research seminars
[30]. Yet research seminars only facilitate interaction in
a classroom space rather than a lab space, which limits
students’ ability to see what the day-to-day work is like,
as well as their chances to meet graduate students and
postdocs. These connections are vital for students who
are in the beginning stages of looking for a group. Mean-
while, seminars are less likely to benefit students with
narrowly defined interests, or who have already commit-
ted to a group. Their time might be better spent working
with their new group trying to gauge if they fit well in
the lab.

The significant time commitment to coursework and
teaching responsibilities during the first year and lack
of structure to meet and begin working in prospective
groups place the onus on students to overcome these
obstacles. In our previous work [31], we suggested sev-
eral structures to help students navigate these concerns.
These included formal programs to give students a trial
period to work in a group during their first year, and ex-
plicitly integrating the search for a group into the grad-
uate curriculum.

In addition to helping students figure out what re-

search they want to pursue, explicitly creating a trial
period for participating in research groups during the
first year may benefit students with narrower interests as
well. Switching research groups was a pivotal event for
several students in our sample. For Tabitha and Kwan,
being able to switch groups kept them in their programs.
For students like Eric and Cole, knowing that they could
switch groups later gave them confidence to join a group
early just to try it out. Yet many students find leav-
ing a group to be difficult [1]. For example, they may
feel like leaving a group will set them behind on their
PhD timeline, or may not realize that changing advisors
is an acceptable thing to do. A structure like a rotation
program would build in the practice of switching groups;
however, in the absence of such a program departments
should work to normalize the practice of switching re-
search groups. This could include guidance on etiquette
for approaching their advisor with thoughts of switching
groups, and how to foster communication between the
student, advisor, and the director of graduate studies.

Limitations and future research Interviewing stu-
dents during their first and second years of physics grad-
uate school allowed us to obtain deeper insights into their
thoughts “in the moment” while looking for a group.
However, in doing so we sacrificed some insight into these
students’ outcomes later on in their graduate careers.
The grey arrows in Figure 6 represent areas of the model
that we did not investigate in this paper, but that we
suspect to exist. One area that we did not have enough
data to investigate is the outcomes for students who join
a research group later on but experience a poor fit. Real-
izing that a lab is a poor fit can take time, as exemplified
by Tabitha and Kwan who worked in their labs for over
a year before switching. Students who join a group later
in their first year might not realize that the fit is not
great until late into their second year. By then, the cost
of switching might feel too great, and could leave them
feeling as though they have no choice but to stay in the
poor research environment or leave the program. More
research into these students’ experiences would be needed
to understand how they fit into our model.

The goal of this paper from the outset was to empha-
size the role of students’ research interests in how they
find a group. Thus, a clear limitation of the results pre-
sented here is that they do not offer as much insight into
how students evaluate group cultures and working en-
vironments. A positive interpersonal dynamic in a re-
search group is clearly essential for students to thrive, but
how students weigh these considerations in comparison
to their research interests remains unexplored within our
data. Previous work in the context of biology graduate
education indicates that students weighed both factors
heavily when choosing a group [27], and we see indica-
tions of that in our data as well. We hypothesized how
this step might fit into our current model with a grey
outlined box in Figure 6. However, a fuller description
is needed to understand how students approach finding
a group with a positive culture.



24

Lastly, our data does not include students who left
their graduate programs. Their perspectives on the
physics graduate experience are critically important, but
are often difficult to collect due to poor tracking of stu-
dents once they leave their programs [1]. Although our
data included students who reported a strong considera-
tion of leaving, they ultimately stayed. Gaining a more
accurate characterization of how finding a research group
impacts student retention, satisfaction, and leaving will
require more work to gather data from those who did
not complete the PhD. Future research should also at-
tend to how it is experienced across demographic groups
and within different institutional contexts, as our study
was limited in these regards. Our sample was diverse
in many ways, but our protocol did not probe how stu-
dents felt their identities impacted their group search.
Moreover, this analysis did not systematically examine
differences across race, gender, or international status re-
garding time to join groups and development of research
interests. And although first-generation status came up
naturally during our study played a significant role in sev-
eral students’ narratives, this was not our central focus.
Future research must attend to how physics students’
identities shape the first year of the doctoral experience
in order to provide more holistic and equitable support
for all students.
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