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The percentage of women receiving bachelor’s degrees in physics (25%) in the U.S. lags well behind that
of men, and women leave the major at higher rates. Achieving equity in physics will mean that women stay
in physics at the same rates as men, but this will require changes in the culture and support structures.
A strong sense of belonging can lead to higher retention rates so interventions meant to increase dimensions
of physics identity (interest, recognition, performance, and competence) may increase persistence overall
and increase women’s retention differentially. We describe our model in which mentorship, an under-
standing of career options (career conceptualization), and leadership are inputs into the development of
these dimensions of physics identity. This paper includes preliminary results from a qualitative study that
aims to better understand how career conceptualization, leadership, and mentorship contribute to the
development of physics identity and belonging. We report results from a survey of 15 undergraduate
physics students which was followed up by interviews with 5 of those students. The students were from
2 institutions: a small private liberal arts college in the midwest region of the U.S. and a large public
university in the southeast region of the U.S. classified as a Hispanic-serving institution (HSI). With respect
to mentorship, consistent with the existing literature, we found that it could provide critical support for
students’ engagement in the physics community. Leadership experiences have not previously been
positioned as an important input into identity, yet we found that they helped women in physics feel more
confident, contributing to their recognition of themselves as physics people. While the data on how career
conceptualization contributed to the building of identity is limited, there are some connections to

recognition and competence, and it will be an interesting avenue of future exploration.

DOI: 10.1103/PhysRevPhysEducRes.20.010114

I. INTRODUCTION

Although some science, technology, engineering, and
mathematics (STEM) fields have moved toward gender
parity, physics remains markedly unbalanced. Achieving
parity will require that women stay in physics at the same
rates as men, but this, in turn, requires effective support
structures that promote identity and belonging. The work-
force growth in STEM continues to outpace overall work-
force growth [1], yet in the U.S., women still make up only
29% of physical scientists (they are 52% of the college-
educated workforce) and earn only 25% of the bachelor’s
degrees in physics [2]. Increasing the proportion of women
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and people from underrepresented groups in physics is
important for the strength of physics as a discipline and for
the growth of the science and engineering workforce.

To strengthen and grow physics as a discipline, students
will need to be prepared for a broad array of STEM careers.
The Joint Task Force on Undergraduate Physics Programs
(J-TUPP) Phys21 report [3] pointed out that 95% of physics
bachelor’s degree recipients look for employment outside
of academia. The structure and environment of physics
disciplines have not always made for an inclusive space,
and women have tended to struggle more than men with
building a sense of physics identity and belonging [4], so
interventions meant to increase dimensions of physics
identity (interest, recognition, performance, and compe-
tence) [5] may increase their persistence in STEM and
positively influence their career choice.

In this exploratory study, we took a qualitative approach to
understanding how undergraduate students build their sense
of physics identity and belonging through mentorship,
professional development with a focus on understanding
career pathways, and leadership activities. Our theoretical
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model extends a well-established model of physics identity
developed in prior qualitative [6] and quantitative [5]
research. Our study focuses on how specific theorized factors
may have influenced our participants’ physics identity
formation. By examining these dimensions, we hope to help
support the creation of effective mentorship, leadership, and
professional development programs for undergraduate phys-
ics students.

II. MODEL OF PHYSICS IDENTITY AND
RESEARCH QUESTIONS

In our exploration of physics identity, we draw on Gee’s
[7] definition of identity as recognizing oneself and being
recognized by others as a certain kind of person. Gee [8]
noted an aspirational aspect of identity in that it represents
the kind of person one wants to be in the future, as well as
in the present. Wenger [9] described identity in terms of
“learning trajectory,” stating that “we define who we are by
where we have been and where we are going.” Gee’s
conception of identity as aspirational is both related to and
distinct from Wenger’s description of identity as being
shaped by our past, present, and future experiences. The
malleability of identity over time is of particular importance
in our project, as we consider identity through the expe-
riences of women in physics and their conceptualization of
future career options.

A. Background of science and physics identity

Science identity is best understood through the founda-
tional work of Carlone and Johnson [6], who developed a
model of science identity with three interrelated dimen-
sions: (i) performance of scientific practices, (ii) compe-
tence as knowledge and understanding of content, and
(iii) recognition of oneself and by others as a science
person. Hazari et al. [5] developed a model of physics
student identity built on that of Carlone and Johnson and
identified interest as an additional dimension that
influences students’ decisions of who and what they want
to be. Hazari and colleagues found statistically significant
correlations between performance, competence, recogni-
tion, and interest and “seeing oneself as a physics person.”
The Hazari model describes these four components of
identity as key to students’ perception of themselves,
framing performance as “belief in the ability to perform
required physics tasks” and competence as “belief in the
ability to understand physics content.” This model has been
widely applied to understand the discipline-specific iden-
tity of students across STEM, including engineering,
mathematics, and science [10-15].

The idea that the sense of self is at the heart of identity is
echoed by Kane [16], who talks about how, for children, the
importance of each of these dimensions can vary in forming
science identity. They also note that the perception of
performance, competence, and recognition can differ.

Beyond differing perceptions of these dimensions by
different students, Hazari et al. [5] have looked at how a
sense of identity can change as undergraduates progress
through their program of study and find themselves in
different environments, surrounded by different groups of
people. The personal and fluid nature of identity empha-
sizes the need for this to be a self-identified concept over a
“looser” definition that allows for the ability to observe
someone else’s sense of science identity (Danielson et al.
[17]). All of the key aspects of identity are interpreted by
the individual and are subject to their understanding of
these ideas and of their environment.

Students with a strong science identity have a higher
likelihood of choosing a science career [18] and are more
likely to demonstrate persistence in STEM courses and
careers [6]. Multiple studies [4,19] have connected identity
and persistence in STEM and found gender differences in
science identity. Research on student persistence in STEM
has established that students who choose to leave STEM
majors and careers are as competent in STEM as their peers
[20,21]. A lack of persistence in STEM is often not related
to student ability but to the culture of undergraduate science
departments and classrooms failing to cultivate science
identity in some students [22]. In recent years, the con-
nection between STEM capital and STEM identity has
demonstrated that a variety of experiences can contribute to
students’ STEM identity [23]. Potvin et al. [24] also
showed the importance of direct intervention through
exposure to counternarratives in increasing interest in
pursuing physics for students who identify as female.

The literature discussed here draws from efforts to
understand both science and physics identity. It is important
to note that while there is a strong correlation between
physics identity and science identity, physics has its own
culture and norms that are distinct from science as a whole
and are relevant for students pursuing a physics degree.

B. Theoretical inputs to physics identity

Our model (see Fig. 1) builds upon the identity frame-
work of Hazari et al. [5], which describes a physics
student’s identity as consisting of personal, social, and
physics identities. Physics identity in the framework is
composed of performance, recognition, interest, and com-
petence with respect to physics. Performance, recognition,
interest, and competence are, in turn, built by student
experiences and the contextualization of those experiences.
For the purposes of this work, we examine how mentorship
and leadership experiences and students’ understanding of
career opportunities are inputs into, and thus build, per-
formance, recognition, interest, and competence, which in
turn build physics identity.

Our model places self-efficacy at the intersection of
performance and competence. Bandura defines self-efficacy
as an individual’s belief that they can be successful when
performing a task in a specific context and ties it to the
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Our theoretical model builds on the identity framework of Hazari et al. [5], which describes a physics student’s identity as

consisting of personal identity, social identity, and physics identity (left box). Recognition, performance, interest, and competence are
important for students’ ability to build physics identity [5], as shown in this diagram with an arrow pointing at the physics identity circle.
We theorize that leadership and mentorship experiences and career conceptualization can serve as inputs to support the development of
physics identity for undergraduate women. Our model places self-efficacy at the intersection of performance and competence, and this
performance, in turn, demonstrates their competence [25]. Students’ sense of belonging within the physics community [26] occurs at the
intersection of the elements of their identity and is particularly related to social, physics, and personal identities. Note that it is not yet
clear whether leadership is significant as an independent component of a student’s identity or as an input into recognition, performance,
and competence (it may not impact interest directly) to build a student’s physics identity.

persistence displayed when working towards related goals
[27]. This performance, in turn, can impact a student’s view
of their competence [25]. Self-efficacy is both related to and
distinguished from an individual’s outcome expectancy
beliefs, or the consequences expected from one’s own actions
[28]. In Carlone and Johnson’s [6] model of science identity,
an individual’s belief about their own competence in science
(e.g., “T understand science”) and their belief about their
ability to demonstrate this competence through performance
of science (e.g., “I can show that [ understand science in tests,
lab activities or discussions”) were intertwined with how one
is recognized as a science person by oneself and others. An
individual’s sense of competence in science contributes to
their sense of self-efficacy in science, or confidence in ability
to perform scientific tasks. Research in STEM education has
tied self-efficacy to academic persistence [29,30] and STEM
career interest [31], and has also identified gender- and race-
based differences in student self-efficacy [32,33].

Hazari et al. [27] define a sense of belonging as a
student’s perception that they fit in or do not feel excluded
within their physics community. Women’s sense of belong-
ing has been tied to their grade in a physics course [34] and

to their intention to persist in physics and calculus [35]. In a
factor analysis study, Kalendar [36] found that women’s
perception of being recognized as a physics person by their
teaching assistant was related to women’s sense of belong-
ing and self-efficacy in physics. Students’ sense of belong-
ing within the physics community is connected to their
intersectional identities, especially social, physics, and
personal identities, which is why we place it at the
intersection of the identities in Fig. 1. Avraamidou [37]
examined the identities of minoritized women in
physics and found that the impact of students’ social and
personal identities hindered the students’ sense of belong-
ing in physics. This study also demonstrated the role other
women in physics, including a teaching assistant, played in
helping participants feel some sense of belonging in
physics.

This model illustrates that the development of any one
component of a student’s identity (e.g., their physics identity)
is dependent on the connections between that identity and the
other components of their intersectional identity.

Our initial theorization of how leadership contributes to
women’s physics identities was based upon our own
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experiences as well as some reading on leadership identity
more generally. Six of the seven authors of the study are
women in STEM, and four of us are women in physics.
As we reviewed the literature and considered how under-
graduate women might develop physics identities, we noted
that students’ formal and informal leadership experiences
in physics and STEM, including in physics clubs, are a
factor that had not been considered. We hypothesized that
leadership activities could contribute to recognition, per-
formance, and competence but that they could also be their
own important dimension of identity, as both leadership
self-efficacy and leadership identity have been discussed in
the literature (e.g., [38—41]). Since the leadership literature
is not focused on undergraduate women in physics, it has
not explored whether it is the ability to identify as a leader
that helps to build physics identity or the contribution of
leadership experiences to feelings of recognition, perfor-
mance, and competence. While this preliminary study will
not allow us to distinguish these possibilities, we hope to
better understand where leadership belongs in the model as
the project progresses.

There is a gendered component of leadership identity
that may be important for undergraduate women in STEM
fields. An examination of how undergraduate women in
computing define leadership showed that they tended to
describe the importance of relationships and interpersonal
skills. However, when they were then asked to assess their
own leadership skills, they focused on their “perceived
inability to be authoritative of their concern about being
under scrutiny in the public eye” [42]. A study of
undergraduate learning assistants, physics students focused
on helping peers in classroom settings, found that leader-
ship identity contributes to a student’s physics identity
through the building of competence [43]. Other work has
shown that leadership experiences and leadership identity
are deeply entwined and built recursively through social
processes that can have positive and negative feedback
loops [44,45]. Positive feedback loops lead to increased
self-confidence and motivation to lead [46,47]. We seek to
look more broadly at students’ physics leadership experi-
ences, including both formal and informal leadership roles,
and the ways that they impact students’ sense of identity
through building a sense of competence and feelings of
recognition, but also how their identity as a leader impacts
their sense of identity as a physics person.

In our model, mentorship plays a role in helping students
build a physics identity. We explore the ways in which
faculty and peer mentorship promote recognition and
influence identity. Effective mentorship can take different
forms and often requires multiple mentors who provide
support for students in developing physics identity [48,49].
Peer mentors can help inoculate students against negative
stereotypes and other negative experiences that impact their
self-efficacy and sense of belonging [50,51]. Faculty and
peers can play an important role as mentors by helping to

build recognition, competence, and, possibly, interest [52].
Mentoring relationships have been found to be impactful
for both mentors and mentees in STEM settings [53]. We
examine how different mentors influence students’ devel-
opment of their physics identity. We note that while we
were also interested in the impact of professional mentors,
the students in this preliminary sample did not have
experience with that kind of mentorship, so we do not
discuss it here.

Interest is a key element in the development of identity
[5], but we hypothesize that translating an interest in
physics into an identity as a physicist may be particularly
tricky for students who do not intend to pursue an academic
path and are unsure of their career options beyond their
undergraduate degree. Understanding the broad range of
careers that they can access with a physics degree may help
students who are not interested in an academic career path
identify as physicists. This is particularly relevant because
nonacademic careers are the most common path, with 52%
of physics bachelor’s degree recipients (2019 and 2020) in
the workforce a year after graduation [54]. Some research
has examined why physics Ph.D. students are interested in
nonacademic careers (e.g., [55,56]), but no researchers
have examined the physics identity of these students. We
examine how students’ career interests and knowledge of
career options influence their physics interests and the
development of physics identity.

C. Research questions

1. How does the development of faculty and peer
mentoring relationships impact the development of
a sense of belonging and physics identity for women
in physics?

2. How does understanding the career options (career
conceptualization) for a physicist impact under-
graduate women'’s sense of belonging and physics
identity?

3. How does the development of leadership identity
increase a sense of belonging and physics identity
for women in physics?

III. METHODS

This study reports the preliminary findings from a grant-
funded project focused on the experiences of women
enrolled in undergraduate physics programs. During the
first year of the project, our team collected survey and
interview data from 15 physics students at two institutions
in the United States. Both institutions were identified for
participation in the study due to the robust number of
bachelor’s of physics graduates and the presence of an
active chapter of the Society of Physics Students (SPS, a
national organization of college or university physics clubs)
or Sigma Pi Sigma (an undergraduate physics honor society
connected with SPS). We focused on institutions with large
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TABLE I. Interview participant information.

Participant Race or ethnicity Year Major
Gabriella Hispanic/Latina Junior (3rd year) Physics

Nina Hispanic/Latina Senior (4th year) Physics

Daria White Senior (4th year) Physics and Math
Violet White Senior (4th year) Physics and Psychology
Goldie White Junior (3rd year) Physics and Biology

and active SPS and Sigma Pi Sigma chapters because these
organizations often sponsor mentorship and professional
development opportunities while providing leadership
opportunities for their club officers. One of the institutions
is a small private liberal arts college in the midwest region
of the U.S., and the other is a large public university in the
southeast region of the U.S. classified as a Hispanic-serving
institution (HSI). In our recruitment, the project team
contacted faculty or students at these schools through
our professional networks and identified a physics major
to serve as the project liaison. The liaison promoted our
project to their peers, distributed links to surveys to all
members of the SPS and Sigma Pi Sigma chapters and met
with the research team several times to share information
about the department and SPS mentorship and professional
development activities that supported physics students’
understanding of career options.

A. Participants and data collection

Fifteen undergraduate students at these two U.S. insti-
tutions completed an initial survey, including eight students
who identified as men and seven who identified as women
(the option to identify as nonbinary or self-defined gender
was available but not taken by respondents). Survey
participants included nine seniors, five juniors, one soph-
omore, and three students who did not designate their year
in school. All students were physics majors; eight had a
double major in another STEM discipline (i.e., mathemat-
ics, biology, chemistry, data science), and six identified
their minor as astronomy, education, or mathematics. The
survey group included six Hispanic students, one Asian
student, and eight White students. The study was approved
by the institutional research review board, and all partic-
ipants consented to participate in the research.

The survey served multiple purposes, including identi-
fying potential interview participants and collecting initial
data about students’ experiences in physics. We included
forced-response and short-answer questions about stu-
dents’ interests in workshops, mentoring, and physics club
social activities to help the liaison identify activities that
could be planned. To encourage quality responses [57], we
included only one long-form open-ended question, “What
has your experience been like as a physics student?”
Participants provided one to three robust paragraphs in
their responses to this question.

We invited all women who completed the survey to
participate in a one-hour interview about their experiences
in physics. The interviews used a semistructured protocol
aimed at understanding the students’ experience within
physics. The interviews were broken up into three sections
with questions about (i) the student’s story, experiences,
and future plans, (ii) mentorship and professional develop-
ment programs in which the student had participated, and
more in-depth questions about mentorship and leadership
experiences in physics, STEM, or elsewhere, and (iii) ques-
tions about whether they have felt valued in their physics
department and challenges or barriers that they have
overcome.

Five women from 2 institutions agreed to be interviewed,
including both student liaisons (see Table I which includes
pseudonyms for the participants, their race or ethnicity,
year in school, and major). Note that the institution
attended by Gabriella and Nina is a Hispanic-serving
institution, while Goldie, Daria, and Violet all attend a
small liberal arts college in the midwest. The interviews
were conducted via Zoom and were transcribed and
analyzed by members of the research team.

The long-form survey responses provided some of the
context for this work, but most of our results have been
drawn from the interviews of the five students listed in
Table 1.

B. Data analysis

We engaged in collaborative coding, utilizing constant
comparison with deductive coding, including both provi-
sional and hypothesis coding [58,59]. Our theoretical
model provided our initial a priori codes, and we also
identified additional codes in our first cycle of analysis. The
research team individually coded one interview and then
met together to discuss and determine preliminary codes
and their alignment with the model. Following the initial
meeting, we coded the remainder of the interviews. Within
this process, each interview was coded by at least two
coders. Once a preliminary codebook was developed, it was
tested. Testing was followed by a final analysis of the data.
Once the data were coded, the final themes were discussed
by the team. Dedoose was used to organize the data and to
share the codes. In the paper, we present the findings from
the a priori codes identified in our theoretical model.
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IV. FINDINGS

In our analysis of students’ open-ended responses to
surveys and interview transcriptions, we looked for evi-
dence of our hypothesized inputs to the development of
student identity, including faculty and peer mentorship,
career conceptualization, and leadership. In our full sample
we hope to examine the differences in identity development
between White and Latina women, but the current data did
not allow for that comparison because of the complexities
of institutional impact and intersectional identities.

A. Mentorship
1. Faculty mentorship

The women in our study expressed that faculty mentors
provided encouragement and helped them feel like mem-
bers of a community. Several participants noted that their
faculty mentors pushed them to try difficult courses,
including Goldie, who stated, “[my professors] encouraged
me to take ... more challenging classes than I would have
offered to take on my own”. This encouragement helped
these students feel like their faculty mentors saw them as
capable, thus developing the students’ sense of competence
and making them feel recognized as a physics person.
Goldie noted the importance of encouragement when trying
courses and activities that she did not feel confident in: “So
that was definitely a time at which [my faculty advisor]
pushed me out of my comfort zone. I think I'm better for it,
but for a while there, I was like, ‘I don’t know why I'm
here. I'm going to drop this class.”” Goldie added, “Having
professors that genuinely believe in your ability to succeed
as a student, I think makes a huge difference.” One of the
ways mentors had a positive impact on the students’
physics identity and sense of belonging was through this
encouragement to try more challenging courses and activ-
ities, which provides recognition that helps build confi-
dence in the students.

Gabriella, Violet, and Daria all noted that, at times, they
felt they were struggling more than other physics students.
Reassurance from faculty mentors that other students found
the material challenging provided comfort and validation of
their experience. Daria stated that her faculty mentor “is
always telling me that, even when I don’t feel like I'm
doing a good job, that I'm doing fine and that there’s people
who are doing worse than me, which is really reassuring.”
This demonstrates how recognition from others of being a
good physics student can provide validation. Similarly,
Gabriella felt that “hearing my professor say, I know that
research can be overwhelming and ... when he was a
student, he also struggled. I think that really helped me to
feel better.” Similarly, Nina noted that hearing about the
challenges her mentors faced as students contributed to her
persisting in the program even when she had to retake
multiple courses.

2. Peer mentorship

Our findings indicate that mentorship from peers was
particularly important in helping the women engage with
their physics community and made them feel recognized by
their peers. Both Daria and Goldie started attending events
at the encouragement of junior or senior women in the
physics program. Daria says of her peer mentor, “If I go to
events, I stand by her, which makes me feel like I'm not
alone ... otherwise, I just wouldn’t go.” Goldie echoes this
sentiment by explaining how both her peer mentors “made
a real effort to go out of their way to engage me in things.
I’'m the only woman in my class in physics, so both went
out of their way to invite me to SPS events ... and talk to
me, and that made a difference.” The peer mentors help
foster a sense of belonging within the physics group,
providing that connection between social and physics
identity for many of these physics students.

Peer mentoring is also seen as a way to pay forward the
help that the women have received. Goldie believes, “It’s
part of what makes our physics program so strong. That
interclass relationship building because ... I'm not the only
person that feels that way about what older students have
done for me.” Similarly, Gabriella explained, “I really like
to meet other girls who are interested in physics and help
them go through that journey.” These women recognized
themselves as belonging in physics and were motivated to
welcome other students to help others feel like they
belonged in physics. The way peer mentors pulled these
women into the social circles of the physics community
was important for belonging in the same way that these
same students then pulled in the next generation as part of
their social identity.

Violet spoke about participating in the women in STEM
club and looking up to the club president because she made
everyone feel heard and took everyone’s opinion into
account. Peer mentors provide women in physics with
accountability and camaraderie. All participants discussed
creating study groups, meeting regularly to do classwork,
and providing each other with “emotional support,” as
stated by Violet. Additionally, Gabriella’s peer mentor
helped her prepare her graduate school applications, and
Goldie found that doing lab research in close proximity
with peers creates a bond. Working on physics problem-
solving and lab research with their peers contributed to
women’s sense of competence and performance. Overall,
the sense of belonging in a physics group was essential to
the success of these students. All the women we inter-
viewed gravitated toward other women as peer mentors.

B. Career conceptualization

We asked study participants about their future career plans,
and how their experiences in physics influenced their
decisions. Some students described plans to apply to gradu-
ate school and felt supported in this process. Other students
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perceived a difference between how pursuing graduate
school versus other paths were viewed in their departments.
Violet, who was considering graduate school in physics,
noted a marked difference in how students were treated based
on their career plans,

Some of the professors really have an academic
versus industry mindset. They will almost immedi-
ately [in] freshman year peg a student towards
“they’re going to go to graduate school” or “they’re
going to go to industry.” It is not necessarily due to
their interests or even research ability. It is pretty
[much] based off what their grades are going to
look like. .. right off the bat, freshman year, kind of
putting people into these categories, and in a way
celebrating the students who are probably going to
graduate school more than those who are going to
go into industry, even though the majority of our
students end up going into industry.

Similarly, Daria, who is headed to graduate school in a
different field, stated,

There’s the people that the professors think will
go to grad school and prepare them for grad
school, And then there’s the ones that they try to
gear up for industry jobs. I think that the
professors value the grad school section more
than they value the industry people, even though
you can be very successful in either one. I just
think that they think higher of the people that they
think should go to grad school.

These perceptions of how different career paths are treated
are associated with complicated feelings around physics
identity. Daria further explained, “I’'m a math and physics
double major. Whenever people ask me what my major is,
I mainly just say math because there’s a lot of connotations
that come with being a physics major I don’t want to
associate myself with.” Both Daria and Violet believed that
their professors’ perceptions of who was competent in
physics played a role in how students were treated.
Through the recognition of faculty and the implications
for the development of feelings of competence, career
interests made a difference for these students. What is less
clear from these data, at least in part because many of the
students were considering graduate school, was how
knowing about career options outside of academia might
influence students’ sense of identity as a physics person.

C. Leadership

The women in our study identified leadership roles they
played in their physics organizations and noted the impor-
tance of leadership in developing their confidence as a
physics person. Gabriella noted,

I'm the secretary of Sigma Pi Sigma. Last
semester, [ helped everyone organize events
and everything. And the president of Sigma Pi
Sigma just asked me to be the vice president. ... It
really helped me to overcome that fear. ... And it
gives me more confidence about talking in public
and interacting more with other people.

In addition to feeling more confident as a result of her
leadership role, Nina also noted that she wanted to help
other students feel more confident,

As I've been in a leadership position, I've kind of
been almost forced to present more confidence.
Being a leader has increased my confidence, and I
feel really great. I feel exceptionally grateful to,
and really humbled to be in that position. And I
really try my best to make sure that every single
person that comes through...feels welcomed and
people grow into, if they want physics that they
become more confident in their physics. I try my
best to do that.

For both Gabriella and Nina, serving in a leadership role
helped them to feel like they belonged in physics, and felt
recognized by others.

Leadership can be formal (associated with a position
within an organization) or informal (leading without an
organizational role). The leadership shown by the peer
mentors in Sec. [IVA 2 often did not come with a formal
title but was important to several of the women we
interviewed. These peer mentorship roles were built on
the student’s sense of belonging, helped them share their
interest with others, and positioned them to recognize
others as being part of the community. Seeing women
excelling in STEM and in leadership roles allows Violet to
“look up to them in the way that it’s kinda what I want to be
when [ grow up.” In this way, peer mentors served as role
models to other women in physics while also developing
the mentors’ own sense of belonging in physics. Our data
do not yet give a good sense of how much these students
see leadership, particularly informal leadership, as part of
their identity and how much it builds their sense of
competence, but the importance they place on helping
the next group of students hints at its significance.

V. DISCUSSION

In our analysis of surveys and interviews of undergradu-
ate women in physics, we found that the mentorship of
faculty and peers provided students with recognition of
their competence in physics and encouraged engagement in
the physics community. The push from faculty to take
challenging courses made the students we talked to feel like
their ability to do physics was recognized and helped build
a sense of competence. In at least one case, a faculty mentor
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who noted his own struggles normalized the challenge and
helped the student feel that struggle was not equated with a
lack of competence. This supports previous literature on
how positive mentoring practices play an important role in
supporting the development of a physics identity and
inoculating students against negative stereotypes and neg-
ative experiences that impact their self-efficacy and sense
of belonging [50,51].

We also found that formal leadership experiences helped
women in physics feel more confident, contributing to their
recognition of themselves as physics people. Informal
leadership experiences, including informal peer mentoring,
lies at the intersection of social and physics identity. As has
been noted in the literature, leadership and leadership
identity are deeply entwined and built through social
processes [44,45]. This framing of leadership fits well
within our model, as we position leadership as another
important part of a student’s identity that overlaps with
personal identity, social identity, and physics identity [5].
Nevertheless, it is unclear whether leadership identity
stands as its own independent feature of identity for these
students or whether leadership experiences serve more as
inputs into recognition and competence, which, in turn,
feed into a student’s physics identity. While our preliminary
results do not tease apart this distinction, formal and
informal (particularly peer mentorship) experiences feed
into these students’ sense of belonging within the physics
community as well as providing recognition of their
abilities. In the future, we plan to look more deeply into
the ways in which formal and informal leadership tie into
physics students’ sense of identity.

Being in the “academic career path” group either by
choice or through faculty assessment provided several of
these students with recognition of their physics abilities and
supported their sense of competence in the field.
Conversely, there was a negative impact on students’ sense
of competence and belonging for those who were not in this
group. We sought to understand how knowing about career
options outside of the academy supported women’s physics
identity, but our year-one findings did not offer insight
beyond participants’ beliefs that their physics professors
viewed students differently based on their plans to go into
academic research versus industry.

In these interviews, we did not find direct connections
between mentorship, leadership, career conceptualization,
and the building of interest or performance, but they did
support the students’ feelings of competence and recog-
nition. We will continue to explore how these experiences
contribute to the building of students’ physics identity and
how our model (see Fig. 1) can help explain the formation
of physics identity.

For the three interview participants who were double
majors, the other majors offered contrasting perspectives.
Goldie described being the only woman in most of her

physics classes but having women make up half of the
biology majors. Even so, she said, “I get along with all the
physics guys, but there’s no denying that it’s different
fundamentally.” Alternatively, Violet was more drawn to
psychology because it seemed to have a better work-life
balance. She found that in physics, she didn’t like the
“attitude towards other people just are not good towards
their peers.” Daria indicated that there were negative
connotations with being a physics major and that it was
a much more “cliquey” group, so she usually identified
herself as a math major when asked. These different
experiences do not provide direct information on identity
development. Still, they do provide an interesting contrast
to the students’ experience in physics, and we will continue
to explore these differences as we expand our sample.

This study has several limitations, including sample size
and the number and types of undergraduate institutions
represented by participants, which restricts our ability to
generalize our findings beyond this study. It is clear from
the interviews that the culture of the institution and
department has played a significant role in the experiences
of these women and their sense of identity and belonging,
but more research is needed to understand if this applies
more broadly in other institutional contexts. The sample
size and participant institutional context also limit our
ability to interpret and assess the usefulness of our
theoretical model. While we found common themes among
the women in our study, we are continuing to expand our
sample as we expect that there is more to be learned from a
wider range of student experiences. As we broaden our
participant group, we are intentionally including students
with a range of racial, ethnic, and cultural backgrounds to
allow us to develop an understanding of the intersection of
race and gender on the formation of physics identity.
Another important limitation was that our interviews did
not address some of the questions about career conceptu-
alization and leadership, particularly informal leadership,
deeply enough to fully illuminate how the students con-
nected these things to feelings of recognition, competence,
and performance. Because of the limits on our ability to
connect career conceptualization and leadership to recog-
nition, competence, and performance, their connections to
self-efficacy and belonging were also limited. In our future
research, we will investigate the potential relationship
between gender and beliefs about careers in physics.

Our findings present a first look at how mentorship,
leadership, and career conceptualization impact self-
efficacy, belonging, and physics identity, framed primarily
by the experiences of five undergraduate women in physics
at two institutions. Understanding the interconnection
between identity, belonging, and the support structures
that help students persist in physics may help national
organizations like SPS and Sigma Pi Sigma and their
institutional-level student groups build effective programs
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for women and for all students in physics. As departments,
clubs, and other physics groups look to develop programs
to increase the persistence of women in physics, we want to
deepen the understanding of how some of the key support
activities relate to the development of identity.
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