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For young women, inbound identity trajectories into physics are generally regarded as exceptional. In
this study, we investigated the experiences that young women have which may support their sustained
interest and achievement in physics, and their ongoing inbound trajectories into post-secondary physics
education. To understand these experiences, we look to the role of informal physics learning (IPL)
environments as spaces which can offer resources that support women’s trajectories into physics. In this
paper, we highlight the important role of what we call “university-adjacent” IPL experiences—internships,
summer schools, and associations that connect secondary students with the research lives of physicists.
Focusing on case studies of six women enrolled in post-secondary physics programs across Sweden, we
identify the various forms of resources made available through IPL environments, and how these create
possibilities for young women to engage in forms of identity work that contribute to the construction of new
possible selves in physics. Findings suggest that young women can access important relational and
ideational resources through university-adjacent IPL programs. Relational resources included (a) supportive
social networks, (b) enduring relationships, and (c) relatability. Importantly, our research finds that IPL
opportunities that emphasize relationship building can create immersive experiences which go beyond
representation and rather emphasize opportunities to develop practice-linked identities. Ideational
resources emerged as (a) sources of information which possibilized physics for participants, and (b) types
of information that provided possibilities to learn about the life of a physicist. Finally, while we claim that
IPL experiences provide important possibilities for young women to immerse themselves in the practices of
physics, we also discuss that these kinds of experiences remain inaccessible to most students, and thus
reproduce a certain elitism in the field.
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I. INTRODUCTION

In this work, we are interested in characterizing experi-
ences that facilitate young women’s identity trajectories into
physics, and the exceptional experiences that many students
seek out to maintain their inbound trajectories to physics.
Our focus on identity trajectories responds to a call byTraxler
and colleagues [1] to orient gender research in physics
education away from questions that investigate the learning

experiences of women in comparison to men as a normative
standard. They, along with others [2,3], argue that until
recently research into the participation of women and other
minoritized groups in physics has often taken the form of
“gap gazing,” identifying performance gaps between men
and women. Thus, over the past decade, physics education
research has experienced an identity turn to understand the
participation of minoritized groups like women and racial-
ized students in the field [3–7]. The identity turn in physics
education research has helped researchers to understandwith
nuance not only why physics can engage in “pedagogic
work” that keepswomen andgirls out [8] but also the cultural
practices of the discipline that reproduce masculinity and
keep dominant groups in [9,10]. This paper explores some of
the spaces that help young women to push back against this
pedagogic work of physics, and to engage in the ongoing
work of becoming an insider to physics.
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Identity work in physics is cultivated early on in educa-
tional trajectories. However, for students from backgrounds
that are usually minoritized in physics—especially white
and racialized women and students from working class
backgrounds—inbound identity trajectories into physics
are regarded as exceptional [11]. Research investigating
school experiences suggests that children’s positive atti-
tudes toward science by age 10 will significantly decline by
age 14 [12]. For girls, positive physics attitudes and
identities continue to decline as they move through sec-
ondary school, and that at the time of secondary school girls
will decide whether or not physics is “for them” [8,13].
Studies suggest that girls lose interest in formal science
classes throughout secondary schooling [14]. This is
critical as interest is thought to be an important identity-
determining factor [4,15], but interest often wanes for girls
in secondary school [4]. Thus, we investigated what oppor-
tunities youngwomenhave to possibilize identity trajectories
into physics to counterbalance this waning, and how these
trajectories can be supported by exceptional experiences,
especially those found in informal learning contexts.
Recent research has focused on disciplinary contexts that

influence physics identities, and the intersecting roles that
gender, race, and class play in the development of these
(e.g., Refs. [3,7,8,15]. Of note, Hazari and colleagues [15]
argue for an interrogation into disciplinary identity con-
struction, and the contexts that facilitate this. They ask,
“what happens when the students are surrounded by others
with similar science intentions and who have less diverse
intentions?” (p. 1589). In this case, Hazari and colleagues
argue that as students progress in their degree programs,
they are increasingly surrounded by others who may
share their interests and ambitions in ways that can impact
their sense of belonging [15]. Importantly, they posit that
students will have had many opportunities to share expe-
riences with others (e.g., courses, lab work), and will be
able to form identifiable communities through those shared
experiences, but that a sense of belonging may be tenuous
for minoritized students in a dominant culture. While much
research into identity relies on the importance of recog-
nition, drawing on the framework first posited by Carlone
and Johnson [16], Hazari and colleagues [15] argue that
sense of belonging is distinguishable from recognition
“since individuals may feel recognized as a “physics
person” (by educators, classmates, etc.) while still feeling
like they do not fit in with peers and others in their
disciplinary community, possibly because they hold other
identities that are exceptional and unique from others in the
community (e.g., gender, race, or ethnicity).” (p. 1589)
In the Swedish post-secondary context, where students

commonly apply for a program in a given subject already
for their first year at university, students will begin to share
those experiences from day one, when they take a number
of focused compulsory courses in math, physics, and
computer science. Thus, the opportunities to develop a

sense of belonging (or a sense of exclusion) as they engage
with students in their program begins early in Sweden. The
addition of “sense of belonging” to the construct of physics
identity presents an opportunity to consider how students
engage with physics communities in meaningful ways, and
to conceptualize growth in identity as students experience
more of a physics community. In Hazari and colleagues’
study [15], sense of belonging entailed the perception of
fitting in (or not feeling excluded from) the disciplinary
community of physics, and appeared significant for senior
physics students, who have had time to develop member-
ship in their physics community. As students are streamed
into physics programs by the time they reach university
in Sweden, in this study we are interested in opportunities
young women have had to develop this sense of belonging
before they enter undergraduate physics programs. We
regard this as a fruitful time to examine, as this is themoment
when students aremost likely exposed to the pedagogicwork
that physics does to discouragewomen and otherminoritized
people from the field [8]. Archer and colleagues describe
pedagogicwork as that involving socializing young people to
“know their place” in the social order of physics, and to
inculcate students to believe that their place in the social order
is legitimate. This is relevant to Swedish secondary school
physics contexts where social ideas about gender and
competence are perpetuated in physics classroom discourse
[17], and where ideas about natural talent and effortless
achievement in physics are perpetuated in physics class-
rooms [18,19], and post-secondary programs [20]. Thus, to
get a sense of what opportunities are available for young
women to develop sense of belonging as part of their physics
identities, we look outside of the classroom and to the role of
learning in informal physics educational (IPL) contexts.

A. Literature review

1. Learning in informal physics education contexts

Informal science has been the focus of efforts to improve
participation in science for several decades [21]. Early
research identified informal science learning (ISL) experi-
ences as impacting students’ attitudes towards science
and belief in their abilities to do science [22]. ISL is often
accessed in out-of-school contexts, and is thought to
facilitate sustained interest in science and to support
identity trajectories into science [23–25]. The National
Research Council in its report on ISL [23] describe these
environments as constituting a broad array of settings
including designed settings like museums and science
centers [26]; or in contexts like summer programs and
camps [27], and everyday settings like science encounters
in the home, supported by caregivers engaging youth in
science talk [28–30].
Falk and Dierking [30] argue that ISL settings can

create entry points for youth who have not previously
been engaged by science in school. They argue further that
participation in ISL programs can have more positive
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impacts on science trajectories than school science, because
long-term participation in ISL activities may expose young
people to more science than they have the opportunity
to learn in school [25,31]. This may be associated with
long-term positive outcomes in science learning such as
associating positive memories with science [32] and sus-
tained interest in science [33]. Others have shown that
participation in ISL programs can support students’ science,
technology, engineering, and mathematics (STEM) career
interests [22,23]. Habig and colleagues [26] suggested that
ISL programs can positively impact STEM career outcomes
by offering meaningful opportunities for youth to be practi-
tioners of science; building social networks with meaningful
others [16]; opportunities to develop shared science identities
with likeminded others (other youth, but also facilitators and
scientists); and exposure to STEM in ways that permit youth
to discover possible selves.
Bell and colleagues [24] argued that outcomes of ISL

experiences are complex and difficult to capture. Outcomes
that concern us in this study are those focussed on
opportunities for young people to “think about themselves
as science learners, and develop an identity as someone
who knows about, uses and sometimes contributes to
science” [16, p. 46]. Rahm, for example, has argued that
ISL experiences provide opportunities for youth to think of
themselves as “insiders to science” (e.g., Refs. [34,35]).
Other researchers have demonstrated that ISL can disrupt
normative fields of science, resulting in youths’ legitimate
membership in a learning community, or, rightful presence
[36]. Recent research also shows that ISL experiences can
bolster and support the inbound identity trajectories of
those already interested in science, by providing resources
that lead to the accumulation of forms of science capital
which have high use and exchange value in post-secondary
contexts [37]. Research with university students acting as
facilitators of “physics outreach” has also discussed how
ISL experiences can have impacts for the students’ identity
work outside of the constraints that are usually found in
academic physics settings [38]. This work examined how
participating in an ISL community of practice allowed
students to be recognized as members in the physics
community in new ways, and expanding their participation
beyond the normative practices of university physics [39].
Furthermore, research investigating women’s involvement
in facilitating informal physics programs found that they
experienced increased opportunities for internal and exter-
nal recognition, thus reinforcing their identities as physics
people [40], and gave them an opportunity to “curate their
own sense of expertise” (p. 363) which improved their
confidence in choice of major. These are significant
findings for this study, as we focus our attention primarily
on informal settings that support physics identity work
which we consider to be university adjacent. These are
experiences that are offered either through universities,
or in connection with universities (e.g., internships in labo-
ratories, summer schools offered through universities,

university lecture series, associations connecting scholars
working in universities, and associations connecting
university-bound students or university students with
each other).
From an equity perspective, ISL programs have been

shown to engage and have positive impacts for women and
students historically marginalized from science. A seminal
longitudinal study by Fadigan and Hammrich [24] retro-
spectively analyzed data from women participating in the
Women in the Natural Science program, a year-long
program designed to offer science enrichment to young
women from single parent households, attending public
schools. They reported that successful women in science
attributed their long-term and career-oriented interest in
STEM to participation in the WINS program. This study
highlighted the importance of having STEM-related staff to
talk to, approachable role models, and opportunities to
learn about STEM-related careers and develop relevant
skills in young women’s trajectories into STEM fields.
McCreedy and Dierking [32] argued that informal STEM
programs can leave girls with memorable experiences
that “cascade over time” by building on one another and
connecting to other experiences both at the time of the
program and in their futures. They argued that these
cascading influences make long-term impacts on women’s
careers in STEM, their informal engagement in STEM
practices, and their “ways of thinking about what science is
and who does it” (p. 38).
These findings inspired us to consider the career-oriented

but also identity and community-building gains that ISL
opportunities provide for young women in physics con-
texts. For this paper, we focused specifically on informal
learning experiences that young women access through
environments that we consider to be university adjacent.
These can be internships (in university labs), participation
in physics associations, and summer schools (often offered
through universities). We will refer to all these opportu-
nities as informal physics learning programs, contexts or
learning situations.

B. Theoretical framework

1. Physics identity

As we have investigated the impacts of IPL experiences
on young women’s identity work in physics, we have
framed our research around the possibilities that partici-
pation in IPL environments can offer to develop their
physics identities (e.g., Refs. [3,15]). Our approach to
physics identity draws from research that focuses on
understandings of the self, including self-report data, and
narratives of actions and interactions with others within
social contexts related to physics [4,16]. Thus, we draw on
a model for identity that foregrounds the importance of
stories of recognition alongside competence and perfor-
mance as interrelated features that individuals narrate as
part of their science identities [16]. This model was
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expanded [4] to include interest as a salient feature of
physics identity.
Our interviews with young women in physics were

dominated by stories of experiences in IPL contexts which
seemed to have a profound impact on their trajectories
into studying physics at university. To understand what
these programs offer to young women as they develop
their identities as physics people, we draw on theories of
learning in practice [41]. The students who embark on these
IPL experiences are on inbound learning trajectories and
as newcomers they are “joining the community with the
prospect of becoming full participants in its practice” [29]
(p. 154). However, opportunities to experience practices
which can support full participation in physics are limited
in secondary school contexts. Berge and colleagues suggest
that common classroom practices limit the possibilities for
participation in physics, as there physics is positioned as a
subject that one might not be able to master [18]. Thus, full
participation in physics, they argue, carries a “risk” that one
might answer a question incorrectly, rendering the class-
room a less safe place to learn. The epistemic practice of
framing physics knowledge as right or wrong reinforces
this view [42]. To unpack this phenomenon using the
language of our framework: the risk inherent in common
school physics practices is that one will not be recognized
by peers or the teacher as a physics learner, which will
threaten students’ sense of belonging in the classroom. This
characterization of Swedish physics classrooms further
motivated us to investigate the role of IPL experiences
which, unlike classroom environments, may offer oppor-
tunities for young women to learn and immerse themselves
in practices that are critical to becoming physics people,
and go beyond the learning of concepts or skills:

Because learning transforms who we are and what we
can do, it is an experience of identity. It is not just an
accumulation of skills and information, but a process of
becoming—to become a certain person or, conversely,
to avoid becoming a certain person [41] (p. 215).

IPL environments provide students opportunities to learn
the cultural practices of physics that carry with them the
norms, expectations, and ideas that enable or constrain
participation in these worlds [43]. This is of particular
concern as we regard IPL opportunities as contexts in
which young women can learn about the norms and cultural
practices of physics in situ, which may provide possibilities
to see themselves as doing physics in context. Following
recent theoretical work by Hazari and colleagues [15], we
also suggest that these opportunities can provide early
possibilities to develop a sense of belonging [44] in ways
that contribute to their physics identities. Hazari and
colleagues argue that sense of belonging is influenced
by the community that surrounds students. At university,
“sense of belonging refers to students’ perceived social
support on campus, a feeling or sensation of connectedness,

and the experience of mattering or feeling cared about,
accepted, respected, valued by, and important to the
campus community or others on campus such as faculty,
staff, and peers.” [44] (p. 4). But if young women and other
minoritized students had opportunities to develop this sense
of belonging to a broader physics community even before
entering university, would it impact possibilities for them to
see themselves as members of this community at a time
when young women especially are generally thought to
leave the “physics pipeline”? Hazari and colleagues [15]
argue that early physics learning opportunities (particularly
IPL experiences) contribute to physics interest in ways that
are significant for physics identity development, but that
opportunities to develop a sense of belonging come later
when one develops “disciplinary community-based social
elements of physics identity development (e.g., how one
fits into a physics community and is recognized given other
identity expressions)” (p. 1601). Importantly, Hazari and
colleagues argue that being seen as “normative” rather than
“exceptional” is important.
This is the focal point for our study, as we consider

the possibilities that opportunities to engage in IPL com-
munities can develop one’s physics identity in ways that
contribute to one’s sense of belonging. In Swedish physics
classrooms, learning physics is dominated by practices
focused on gains in conceptual knowledge, dealing with
physics as empirical enquiry, and preparing for exams [18].
At the same time, nonconceptual gains like “mastering”
physics and having a “feel for” physics render participation
in classroom physics risky, as the inverse (not mastering
physics, or not having a feel for it) may position students
incompetently. Conversely, IPL spaces may provide oppor-
tunities to develop “practice-linked identities” [45] which
are unavailable to secondary aged youth through physics
engagement in regular secondary school classrooms [25].
Nasir and Hand argue that practice-linked identities are “the
identities that people come to take on, construct, and
embrace that are linked to participation in particular social
and cultural practices” [45] (p. 146).

2. Resources and practice-linked identities

To understand how practice-linked identities are made
available to young women in IPL contexts, we drew on the
concept of resources [46,47]. We regard resources as
unequally distributed, and their availability is often under
the control of institutions and social norms. Access to
resources comes from experiences and opportunities, and
the accumulation of these can lead to various forms of
capital that individuals accrue along their identity trajecto-
ries [37]. To characterize the forms of resources that
participants accessed in IPL settings, we constructed our
analytic framework following the work of Nasir and Cooks
[46] who describe practice-linked resources that actors use
as they construct practice-linked identities. They argue that
access to resources and the use of resources can support

ALLISON J. GONSALVES et al. PHYS. REV. PHYS. EDUC. RES. 18, 020118 (2022)

020118-4



inquiry into how the social world makes identities available
to individuals in learning settings.
Nasir [48] distinguishes three kinds of resources located

in social learning environments: material, relational, and
ideational. In this case, material resources are the artifacts
that one learns to master as a part of physics. This could be
access to instruments or virtual worlds that connect one to
the practice of physics in material ways. These can also be
spaces in which physics is practiced and experienced.
Relational resources are the social networks and encounters
with meaningful others [16] that may represent attainable
role models, or sources of recognition. Relational resources
can facilitate a sense of belonging in the community of
practice as newcomers interact, socialize, and find support
from meaningful others. Finally, ideational resources offer
possibilities for students to develop shared identities with
other students but also with mentors and meaningful others.
Nasir and Cooks suggest ideational resources are “ideas
about oneself and one’s relationship to and place in the
practice and the world, as well as ideas about what is valued
and what is good” [46] (p. 46). Thus, these resources are
accessed through practice and opportunities to experience
physics in ways that support possibilities to actually see
oneself doing and being in physics. Access to these
resources may be restricted in classroom contexts where
interactions with the physics community is limited to peers
and a teacher, and when authentic practice is limited to
laboratory exercises.
Hyater-Adams and colleagues [49] mobilized Nasir’s

[48] concept of resources in their “critical physics iden-
tity” framework which interrogates the interactions of six
dimensions of physics identity and racialized identity:
recognition, performance or competence, interest, material
resources, ideational resources, and relational resources.
The authors proposed that Nasir’s framework provides
possibilities to consider racialized identities alongside
physics identities which can allow researchers to tease
apart common experiences that racialized physicists nar-
rate, and the impacts that aspects of systems within physics
culture have on these experiences. Rather than comparing
the relative resources of individuals (and the attendant
systemic and structural factors that contribute to the
experiences of women in physics), we investigated the
availability of resources in experiences outside of formal
schooling, which are often only accessed by students who
already have considerable privilege [50]. We acknowledge
that Nasir’s framework was intended to center racialized
identities in the context of the U.S., and that we are using
this framing in an entirely different context. However, we
have found this framework helpful to unpick the resources
and practices that construct insiderness to physics in a
context where there is still a considerable gender disparity
in physics. Thus, when considering the physics experiences
of women in Sweden, it is helpful to consider the resources
that enable identity work and how these operate in a context

where the broader discourses around gender signal that
equity prevails.
The framework described here permitted us to inves-

tigate the kinds of resources made available through IPL
experiences, and the impacts these have on participants’
identity work. The research questions we are interested in
exploring via this framework are

How do young women describe the kinds of resources
they have accessed through university-adjacent IPL
experiences?
How do the resources accessed through IPL contexts
contribute to young women’s practice-linked identities
as physics people?

We describe the operationalization of our framework
further in the analysis portion of the Methodology section.

II. METHODOLOGY

A. Context and methods

Despite being highly ranked on the Global gender gap
rankings by the World Economic Forum (4th in 2017),
Sweden still has a highly uneven recruitment in terms of
gender to higher education in the physical sciences [20].
Swedish higher education is also still very much divided
by social class, despite many structural obstacles (such as
tuition fees) not being in place [51]. In Sweden, university
physics programs are characterized by a narrow student
demographic: 24% women among the beginner students
2017 (UHR—Antagningsstatistik); Master of Engineering1

programs: 16% students with “foreign background” (i.e.,
born outside of Sweden or two parents born outside
of Sweden), 20% students with parents without higher
education [52].
This study used a collective case study approach [53] to

understand the resources young women encounter and
draw on as they engage in IPL contexts. We treated
each participant as a case during data collection and
analysis, and then considered all the cases collectively as
we established themes related to resources. Thus, we regard
the collection of narratives of university-adjacent IPL
(U-A IPL) experiences as the unit of analysis for our
collective case in this study, rather than the individual
participants. Data were collected using an interview
approach inspired by life history interviews [54] to explore
what has allowed individual participants to “go against the
grain.” Interviews were conducted by the second and third
authors, on the university campuses, and occasionally via
an online platform when pandemic conditions did not
permit in-person meetings.

1These statistics are for all Master of Engineering programs
which include Engineering Physics, a program that is considered
a “physics” program of study and in which a proportion of total
physics students would be enrolled.
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In total 21 students participating in university physics
education programs were interviewed. Participants were
recruited from Bachelor of Physics programs and Engi-
neering Physics programs at several different Swedish
universities, with convenience sampling to ensure that
participants represented (one or more of) the underrepre-
sented social categories in university physics education:
women, students from nonacademic backgrounds, and/or
students with migration background. Fifteen of the inter-
viewed students were in the first year of their studies, the
other six in their second year. The data reported on in this
paper focus on six young women who articulated IPL
experiences in physics as contributing to their inbound
experiences. Four of these participants were 2nd or 3rd
generation university students, whose Swedish parents both
attended universities in Sweden. The occupations of their
parents are described in Table I (pseudonyms are used for
all participants and names of internship locations are
anonymized for confidentiality). Two of these participants
were first generation university students who also came
from families with migration backgrounds. One of the
participants, Rebecka, has parents who migrated to Sweden
from another European country. Another participant, Hanna,
moved to Sweden with her family from a country in the
Global South. Sigrid had Swedish parents who attended

university, and Lydia, Stella, and Alva described having
Swedish parents and grandparents with university degrees.
Interviews with participants were conducted using

Adriensen’s timeline interviewing method [55]. Parti-
cipants were asked to construct a timeline with paper,
sticky notes, and markers indicating important physics-
related events across their educational trajectories. The
timeline interviews allowed participants to select moments
in their educational trajectories that they felt were important
to highlight. In timeline interviewing, the interviewee can
define the course of the interview and has agency over how
the timeline is constructed and discussed. When introduced
to the participant, the interviewer indicates that the timeline
is meant to help interviewees think about important events,
moments when they made one choice over another, and
important people alongside important events. In these
interviews, participants were asked “if you were to tell
the story of how you ended up here, where would you
begin?”. In that way, they define the moment that begins
their trajectory into physics, and the course that trajectory
takes. Notes are written on the timeline either by the
interviewee or the interviewer, but they are available to
both, and not hidden from the interviewee. In this sense,
the interview is truly a co-construction [56] wherein the
interviewee can take ownership of the process and the way

TABLE I. Participant profiles.

Name Background
Parent occupations
(M-mother; F-father)

IPL experience
[pseudonym in square brackets]

Resources accessed
from IPL experiences

Sigrid Swedish, 2nd gen
university student

F-Engineer Internship at [large European
physics institute]

Relational resource (enduring
relationships)

M-Engineer Cofounder of [“Science Girls”] Relational resource (supportive
social networks)

Hanna Transnational (Global
South), 1st gen
university student

F-Various unskilled work Internship at [large European
physics institute]

Relational resource (enduring
relationships)

M-Cleaner Summer research school at
[Canadian Physics Institute]

Ideational resource
(possibilizing physics)

Summer research school in
Sweden

Ideational resource
(possibilizing physics)

Rebecka Transnational (European
country), 1st gen
university student

F-Musician Several physics internships at
different Swedish universities

Relational resource (enduring
relationships)

M-Child minder Ideational resource (learning
about the life of a physicist)

Lydia Swedish, 3rd gen
university student

F-Engineer [Swedish University] physics
conference

Ideational resource
(possibilizing physics)M-Nurse

Stella Swedish, 3rd gen
university student

F-Engineer [Astronomy] summer school Ideational (possibilizing
physics)

M-Social worker [Astronomy] youth camps Ideational (possibilizing
physics)

Visits to [large European
physics institute]

Ideational (possibilizing
physics)

Alva Swedish, 3rd gen
university student

F-Engineer Tech girls event with female
engineers

Ideational (possibilizing
physics)M-Secondary teacher
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in which their life story is told. The timeline interview has
benefits for the research questions asked here, as it high-
lights particular important events, that we were then able to
spot easily in the analysis and collate. Interviewers took
care to ensure that participants elaborated on incidents that
revealed their identification in terms of a range of social
categories, e.g., gender, age, social class, ethnicity, and
(dis)ability. The interviews also focused on participants’
identification with and aspiration in science and aim to
elicit their experiences of informal and formal science
education practices (as teaching approaches have been
found to be associated with students’ science aspirations,
cf. Refs. [57,58]). Participants were asked questions about
their experiences at home with their families, their expe-
riences in school physics, their teachers and classmates, and
whether they consumed media that was related to physics.
They were also asked to describe moments on their timeline
where they felt physics was more or less “for me,” which is
what prompted descriptions of IPL experiences. Generally,
formal learning experiences were found to be less pro-
nounced in participants’ narratives than their experiences
in informal learning contexts. All the IPL experiences
described by the six women in this study emerged organi-
cally in their talk about important experiences on their
timeline. They were not asked about these experiences
directly, as not all participants engaged in such events.
Thus, our analysis focused on the importance that par-
ticipants placed on IPL experiences, and what kinds of
resources they accessed via these opportunities. The inter-
views were conducted in Swedish, and interview transcripts
translated to English.

B. Analysis

Interviews ranged from 60 to 120 min each and were
transcribed verbatim resulting in approximately 30–60
pages of transcript per participant. Coding of the tran-
scripts were iterative and done with all four members of the
research team. The first author coded interview data in
English, and the remaining co-authors provided nuance
to transcript excerpts in Swedish. Participant data were
chunked into background information, and profiles were
produced for each participant that detailed demographic
data and family histories, important life experiences (e.g.,
immigration, relationships with parents or siblings, national
or transnational movement), in-school and out-of-school
episodes of importance, and descriptions of physics expe-
riences and encounters with meaningful others. Background
summaries were read by all of the research team, and initial
areas of focus (e.g., IPL learning experiences, school choice,
affective experiences) emerging from thesewere discussed in
several meetings. The first round of coding entailed open
coding [59], and we focused on in vivo codes to preserve
participants’ words. These were sorted thematically [60] to
identify aspects of IPL-related experiences and discussed
among research team members. We then returned to the

coded datawith amore theoretically focused round of coding
that characterized the IPL experiences in terms of resources.
We sorted our coded data into categories using Nasir and
Cooks’ [46] constructs of material, ideational, and relational
resources. This yielded two strong themes of relational and
ideational resources but did not yield a theme of material
resources. We then characterized various experiences as
opportunities to access relational and ideational resources.
For example, as Nasir and Cooks [46] described relational
resources as interpersonal connections to members in a
setting, we thus looked for various opportunities that the
IPL setting provided for networking, relationship building
with mentors, or supportive relationships with peers. As
Nasir and Cooks describe ideational resources as ideas about
the self in relation to the practice, we thus looked for
opportunities that IPL practices had to possibilize physics
as a career, or to learnmore aboutwhat it might be like to be a
physicist in ways not usually accessed through formal
learning environments. We then considered whether these
contributed to participants’ sense of belonging in the dis-
cipline orwhether these offered opportunities for recognition
in ways that contributed to their practice-linked identities
[46]. This round of deductive coding then yielded three
subthemes under relational resources (supportive networks;
enduring relationships; and relatability), and two subthemes
under ideational resources (possibilizing physics; and imag-
iningone’s life as a physicist). Inwhat follows,wedescribe in
detail the two forms of resources, drawing from participants’
stories and interview excepts. At times, we summarize and
paraphrase participants’words and experiences, to detail the
various forms of resources we wish to depict here. We focus
on how the resources provide possibilities for identity work
as insiders to physics in our description, and thus try to focus
on what benefits the participants derive from access to these
resources.

III. RESULTS

Our analysis suggests that IPL programs make available
resources that support participants’ identities as “insiders”
to physics. Nasir [48] argues that individuals use resources
as they construct identities in social settings, and that
these resources are not properties of individuals, but are
located in the environment. As we have stories from
physics students which describe several learning environ-
ments, we suggest that identity work in physics happens not
only in high school or university classrooms, but impor-
tantly, in out-of-classroom learning experiences. We argue
from the stories we have collected that especially U-A IPL
experiences offer richer and more varied resources for
identity work than what students access in classrooms
alone. We begin by describing the relational resources
participants encountered and accrued through their partici-
pation in summer schools, internships, and associations.
We then describe ideational resources accessed through
these same opportunities. Throughout our descriptions of
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the kinds of resources participants have accessed through
their IPL experiences, we ensure to discuss the kinds of
identity work these resources afford. We describe these as
opportunities to see themselves as insiders to physics,
possibilities that these give for a sense of belonging, and
moments of recognition that are important to their on-going
identity trajectories. In this way, we see resources as
constantly contributing to the identity work participants
are describing along their timelines.

A. Relational resources

Depending on the nature of the IPL program they engage
in, relational resources may take on different forms. Here
we describe three important forms of relational resources:
supportive social networks, enduring relationships, and
relatability.

1. Supportive social networks

Some participants reported that participating in associa-
tions related to equity-deserving groups in physics was
important to their persistence in the field, or to youth
associations in which they could interact with other sci-
ence-oriented youth in informal learning settings. Here we
provide an example from Sigrid’s dataset. Sigrid described
considerable participation in one of these groups, which she
herself co-founded while she was in secondary school, and
that she continues to participate in today. Her descriptions of
participating in the Science Girls (pseudonym) virtual
association likens it to a counterspace [61,62] to support
identity work in physics. Counterspaces are known to be
social safe spaces that allow underrepresented students to
validate their own experiences, share stories of isolation or
microaggressions, and promote their own learning [61].
Counterspaces in peer-to-peer relationships are thought to
inspire persistence (by allowing one to see others’ successes)
but also to support a sense of belonging by connecting to
others who are similar to oneself in ways that young women
do not often find in the field. Thus, we regard this form of
networking as a relational resource that can support identity
work in physics by providing support to promote a sense of
belonging.
One way that participation in this association supported

Sigrid’s identity work was by supporting her confidence in
physics, and her feelings of membership in the community.
She suggests that: “I notice that the more I keep on with that
association, I notice that I gain more confidence in myself
and in my interest, and I think it’s fun. I feel so much better
in that community.” Sigrid described dealing with imposter
syndrome in her university experience, especially in phys-
ics classes where she was a minority among a group of
men. She described struggling to raise her hand in class,
and even though her grades are high and she demonstrates
competence in most measurable ways, she doubts her
abilities in physics. Starting a Science Girls association,
gave her an opportunity to access a virtual support network

which she feels membership in: “I have never felt that I do
not fit in, or that I have nothing important to say, or that I
can not participate in a discussion when it comes to
[Science Girls’] chat server, or in that community at all.
It feels like my opinion is very valid, and that I have enough
knowledge to be able to talk about this.” This suggests that
interactions which provide validation can act as resources
for recognition as emergent physicists in ways that Sigrid,
for example, did not experience in her university physics
experiences. This can counter the usual, individualistic, and
competitive experiences students often have in physics
classes and can promote a form of resilience in these
contexts.

2. Enduring relationships

Several participants described opportunities to connect
with physicists in ways that yielded lasting impressions
and often enduring connections. These kinds of resources
were typically accessed during internship opportunities
which brought participants in close contact with mean-
ingful physicists in their field of interest. Nasir and Hand
[45] suggest identity entails viewing participation in a pra-
ctice as an integral part of who one is, thus practice-linked
identities. Nasir and Cooks [46] suggest that relational
resources that contribute to practice-linked identities are
specifically interpersonal and accumulate over time. The
first kind of relational resource we discuss here is accessed
by participants via repeated interactions with meaningful
physics people (who are not their teachers) and endure over
time. Participants in this study described connections with
mentors or new friends in physics research contexts that
strengthened their sense of connection to the practice of
physics. For example, Rebecka describes the relationships
she built with Ph.D. students in a lab internship helped her
develop a sense of the social practices of physicists:

Everyone is so involved in their projects, and people ask
about other people’s projects, and that’s what I thought
was fun. And then you have your own thing, and then
you sit and work on one thing, and immerse yourself in
it. I think so… I like that way of working.

Rebecka described her relationship with Ph.D. students as
enduring as she spent time in an internship in the lab with
them, and now they are teaching assistants in her courses at
the university. Similarly, Sigrid discussed meeting with
researchers during a laboratory internship who she has
maintained contact with beyond the internship opportunity.
Her description of the laboratory environment also presented
aviewof laboratory life beyond experiments and the lab itself:

It’s the coziest environment I’ve ever been in. It’s a bit, I
think, like the academy, kind of a feeling. But it was
really, really, wonderful. Everyone was so nerdy, so
nice. It felt like what country you came from does not
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matter, politics … Everyone was just interested in
science and was so nice and fun. So, I always smile
when I think about it because it was such a wonderful
atmosphere.

This description counters isolating classroom experiences
Sigrid described in which she often feels nervous to even
raise her hand. It also suggests that the relational resources
she encountered in her laboratory internship may work to
refigure her previous physics experiences and contribute to
her practice-linked identity as a physics student.
Hanna also described encountering meaningful relation-

ships via an astronomy association. In this encounter,
meaningful and enduring relationships were built via dis-
cussionswith physicists, students, and technicianswho came
together at unofficial events which promoted astronomy. She
described “click[ing] very well with these guys” although
they tended to be older than she was, some even retired.
Hanna regarded these events as community building, and an
opportunity for her to gain a sense of belonging in informal
ways with meaningful others in physics. We suggest that
these informal and often unplanned encounters with mean-
ingful others in physics can contribute to practice-linked
physics identities in unexpected ways. They permit oppor-
tunities for students to observe the life of physicists outside of
the lab (often a surprising finding for students) which also
offer students a sense of belonging to the physics community.

3. Relatability

Finally, participants reported that opportunities to
encounter physicists in extra-classroom or laboratory set-
tings could offer the possibilities to see themselves in the
field. Sigrid, for example, discussed how prominent women
in physics like Marie Curie are often heralded as role
models for young girls, but they lack relatability:

When you talk about, like this, women scientists, or
whatever it is, you think like this, Marie Curie, but I do
not see myself as Marie Curie. I do not know anyone
who thinks they are as exceptional as Nobel laureates it
is not so… I could not compare myself with it.

Rather, Sigrid referred to a woman she met during her
internship, and suggested that her down-to-earth character
acted as a resource for Sigrid to imagine herself as a physics
student:

But [Ph.D. student], she had danced, as I did, and she
was… she was joking and she was an ordinary person.
And that doesn’t downgrade her in any way. She did
such cool stuff in physics, but she was so ordinary. And I
felt “okay, if she can, then I should be able to. This feels
very achievable.”

These interactions were important to Sigrid, who
struggled to find the confidence of insiderness in many

formal physics learning contexts, and who often lacked
relatable role models in these contexts. These experiences
and learning about the importance of a relatable social
network for insider identity work in physics, played a role
in prompting Sigrid to form the Science Girls network
described earlier.

B. Ideational resources

Ideational resources in out-of-classroom physics learning
contexts were often made available through social inter-
actions, but also occasionally became available through
attending physics events. Ideational resources emerged as
sources of information which possibilized physics for
participants. They also emerged as a certain type of infor-
mation: imagining one’s life as a physicist. Whereas rela-
tional resources exposed participants to people in the field,
and gave them opportunities to build meaningful relation-
ships, ideational resources emerged as opportunities to “try
out” physics identities, and to imagine oneself being in that
career. Nasir and Cooks [46] suggested that ideational
resources can help actors develop a sense of themselves as
a certain kind of person. Sometimes these resources do the
work of positioning an actor as an insider, and other times
they simply provide opportunities to see what insiderness
looks like.

1. Possibilizing physics

Programs as sources of information which possibilized
physics were the simplest of these ideational resources,
where participants described encounters with physicists or
other physics students as opportunities to learn about the
field, and to figure the field into their own career trajecto-
ries. For instance, Hanna describes the role of the summer
schools in her academic trajectory, stating: “what definitely
helped me choose physics were these summer research
schools.” Hanna is a participant with a background of
transnational migration, having moved to Sweden via a
country in the Global South. She has as strong desire to
connect back to her home country in her career and only
became aware that she might be able to do this through
physics by attending a summer school at a prominent
research institute. Their outreach programs were influential
to her thinking about connecting research back to her home
country, and she has already contacted her embassy to start
planning a summer research school in physics there.
Participating in an institute helped her clarify what she
wants to do with physics: “I do not just want to do just one
thing. It feels like people either promote physics learning as
a science communicator in some way, or they do science
themselves. And I do not want to do one or the other, I want
to do both.” Others, like Sigrid, used internship oppor-
tunities to connect with other physicists and ask questions
about career options: “Everyone I met, I asked ‘what should
I choose?’ And the majority said it does not matter what I
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choose.” An internship opportunity helped her clarify that
she wanted “to stay in the academy.”
We highlight these examples to suggest that deciding

what one wants to do with physics can be an opaque
process, and opportunities to immerse oneself in the work
of research or outreach, can crystallize for students what
they enjoy about the subject, and can contextualize that in
the actual day to day work of physicists. For example,
Lydia described a conference she attended while still in
high school, and how that one experience gave her a
sharper understanding of what doing physics might entail.
She suggests that she started thinking about a career in
physics through her exposure to it on YouTube videos
about quantum physics or TED talks “and then I started
to feel that yes, but this was actually really, really
fascinating. But then it still felt very far away that I would
study it or even work with it, I would say.” But attending
the conference and hearing actual physicists talk about
building a quantum computer or other practices made
physics “suddenly [feel] much closer, because they had
just happened to stumble onto that path, and then they
happened to get a Ph.D. in something and then now they
are researching it and… yes, it felt like anything can
happen.” For Hanna, the opportunity to work in a research
context possibilized physics for her. She described her
experience as making a career in physics more “obvious” to
her. Working in a summer research school context helped
her to see “that it can be done, that it is a possibility,” but
also the actual work she did, and the presentation of that
work to physics colleagues gave her a sense of accomplish-
ment: “so you have done something yourself and you show
what you have accomplished during this time.”
A final example of how physics is possibilized through

U-A IPL experiences, is the confidence that participants
derive from participating in IPL, which supports their
sense of belonging in the field. Stella describes numerous
experiences of site visits to universities, membership
in astronomy associations, and participation in physics
summer schools while she was still a secondary school
student. She particularly relates the significance of being a
girl attending astronomy summer camps, and how that
positioned her as an exceptional student. She says “when
applying, you have… it’s important that I’m girl”. It should
be noted that Stella’s participation in physics associations,
internships and camps is extensive, and she comes by these
through her father, who is an aerospace engineer. This is
significant because her participation is supported by these
connections, but she also describes visiting her father’s
colleagues and being recognized by them and subsequently
welcomed into their workspaces, which supports her own
feelings of insiderness. Stella’s experiences with IPL
activities are so extensive, she does not speak of any other
formative experiences in her life leading up to her post-
secondary education. Almost all her involvement in IPL
contexts was facilitated in some way by her father, or by
the capital she gained from attending previous summer

schools, or internships. These experiences possibilize
physics for Stella in an ideational way and have led to
numerous opportunities to further career possibilities in
physics for her, including a research publication at a very
young age.

2. Imagining one’s life as a physicist

As Nasir and Cooks [46] argued, relational resources can
operate as gateways to ideational resources. We found this
to be the case in participant narratives about relationships
that gave insight into what it was like to be a physicist, both
in practice, but also how female physicists were viewed by
society. Ideational resources also emerged as opportunities
for participants to envision themselves engaged in the
practices of physics and to imagine themselves living the
life of a physicist. For example, Alva described oppor-
tunities to attend events that exposed her to careers in
engineering, particularly from women’s perspectives. She
described the importance of getting to hear from women
who were engineers in Sweden and seemed to have positive
workplace experiences. She said after attending the talk of a
woman engineer, she had the feeling of “I can definitely
imagine doing this.”
Rebecka engaged in numerous extracurricular programs

throughout high school, each of them providing different
experiences. One internship she set up for herself involved
working in x-ray crystallography in a lab at a university.
She worked in the lab for six months and learned, as she
said: “how it worked.” Through this, Rebecka gained
insight into laboratory life:

It was great fun, really super fun, because we always
had lunch with all these postdocs and Ph.D. students
and professors. They always had such funny conversa-
tions. […] Yes, it was great fun. Or talked about their
projects, and then I had to go to other Ph.D. students’
offices and see what they were doing. It was fun.

Rebecka also claimed that these opportunities to do
physics were important to helping her determine her
trajectory, suggesting “the more I did physics, the more
I thought I wanted to be an engineer.” After trying out an
engineering program and a company internship, she was
convinced that physics was her thing and started on the
bachelor’s program. However, actually adjusting to uni-
versity life was fairly smooth for Rebecka as she had “hung
around a lot in university” prior to arriving for her degree
program, thus she claimed not to be surprised by the pace of
life in the physics program.
Sigrid described a different kind of ideational resource

she gained from attending a summer school abroad. In this
case, learning about how women in physics are viewed in
different cultures gave her a window into the experience
of the life of a female physicist. At the summer school,
she was asked: “is it common in Sweden that girls study
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math and physics?” According to Sigrid she was very
“shocked by that comment” and as she was the only girl in
those courses at the summer school she began to realize that
her experience excelling in math and physics in Sweden
was considered uncommon. For Sigrid, this initiated the
formation of her own Science Girls association in which
young women in physical science can discuss their expe-
riences of minoritization, and find support for experiences
of imposter syndrome, and feelings of inadequacy or
discomfort. Alva shared a similar experience from attend-
ing a tech girls meeting, where she and other young women
had the expectation that “there are many guys in engineer-
ing so you may not have a lot of girlfriends,” and that they
would “not feel comfortable in workplaces with only men.”
What Alva took from discussing these expectations with
women working in the field was that things are “getting
better” for women in physics-related workplaces, and it
seemed that the goal of the conversations was “not so oh,
come and work here,” but rather to get a sense of what work
life was like, so young women would have their eyes wide
open when making career decisions. These encounters
provided a view of physics in practice and gave the young
women a sense of what it might be like to work in a field
where women are minoritized. Hazari and colleagues [63]
argued that these kinds of encounters can buffer women’s
own stereotypic perceptions, often by affirming their own
values. They recommend explicit conversations about
stereotypes and issues related to the minoritization of
women in the physical sciences, suggesting that these
may “lead to greater self-realization for female students,
[and] may also have an effect on their choice of a physical
science career” (p. 3).

IV. DISCUSSION

In this paper we provide insight into the resources
participants accessed in university-adjacent informal phys-
ics learning environments, which support practice-linked
identities in physics. We have focused our analysis on those
IPL experiences we consider to be university adjacent,
because this was the dominant form of IPL described
among this group of participants, even if many of them
have participated in other forms of IPL as well. We also find
these experiences to be unique and challenging to access
for most secondary students. Considerable efforts have been
made in physics to understand issues that keep students out of
the discipline, and to find ways to attract more students,
especially those traditionally underrepresented in the field
(e.g., Refs. [64,65]). The learning experiences we have
presented in this study highlight the important resources
that young women in physics may access to support their
ongoing trajectories into physics. We identified the impor-
tance of relational resources participants accessed through
internships, associations and summer schools, and impor-
tantly, we suggest that these relational resources can lead to
ideational resources which can support identity work in

physics. In the following discussion,we emphasize that these
U-A IPL programs provide immersive experiences that are
important for young women to begin to imagine possible
selves in physics [66].We also suggest that these possibilities
come from more than just exposure to role models, but
also opportunities to practice physics identities. Finally, we
discuss how these university-adjacent programs are still in
the realm of the elite and are extremely inaccessible to most
students.

A. Possible selves in physics

Initiatives to encourage girls to enter into physics tend to
focus on making physics fun, or informing students about
the kinds of jobs and careers they can access with physics
degrees [67]. However, thesemeasures do nothing to critique
or change physics cultures, or even to raise awareness about
the potentially hostile cultures young women might face in
these cultures [63,68,69]. By leaving physics culture unex-
amined, efforts to recruit and retain minoritized students that
rely on making physics seem “more fun” or to inform youth
about physics careers may contribute to the persistence of
discourses that continue to marginalize young women
[70,71]. Additionally, these efforts put the onus on young
women to adopt more positive attitudes towards physics, or
to simply learn more about the field, without providing
opportunities to engage meaningfully with others in the field
or to learn about physics culture. In focusing on changing
individuals to fit the culture, these kinds of initiatives tacitly
assume that social inequalities will be fixed, as long as
individuals continue to be interested and engaged. Our
research suggests that opportunities that emphasize relation-
ship building may be effective means of encouraging young
women to engage in physics. Importantly, we noticed in our
data that participants rarely talked about the physics con-
cepts, disciplinary areas or learning outcomes these experi-
ences focused on, and did not discuss valuing the experiences
for the physics content knowledge they gained. Rather, most
participants emphasized the relationships they built and the
value that immersive experiences had for their sense of self in
physics. Additionally, our data suggest that as participants
connected to others in physics outside of their school or
classroomenvironment, it strengthened their own connection
to physics practices in ways that supported their disciplinary
sense of belonging [15,72]. Archer and colleagues [8] des-
cribed the pedagogic work that physics does to reproduce
dominant relations of privilege and inequality in ways that
lead young women to think that “physics is not for me.”
We suggest that experiences outside of classroom contexts
can create opportunities to disrupt this narrative. The experi-
ences participants described in this study create opportu-
nities to access resources that may thicken their inbound
trajectories by providing opportunities for young women
to imagine “possible selves” in physics [66]. Access to
programs that provide the possibility to practice physicist
identities (in more than just “hands-on activities”) can
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support their imagined futures—and at times even refigure
those futures.

B. Centering relationality

Research investigating the value of encounters with
physics outside of school can move us beyond solutions
to underrepresentation like providing role models and
towards an understanding of what is useful to young
people in terms of envisioning a future self in physics.
While much effort has been placed on creating opportunities
for minoritized youth to access role models in physics, there
is little evidence that this approach impacts participation rates
in physics. Gilbert and Calvert found that “participants said
that good female ‘role models’ were important to young
women in science education. However, when asked, none of
the women could produce any convincing stories illustrating
the significance of role models in their lives (either in the
form of actual people or in stories in books)” ([73] p. 874). In
contrast, participants in our study identified numerous rela-
tional resources that supported their identity trajectories in
physics. Important among these are relationships with
physicists who could provide a realistic image of what life
in physics looks like, and supported participants’ sense of
belonging in physics. Rather than looking up to role models,
the resources participants described were relational and
ideational, indicating that developing (sometimes lasting)
relationships with meaningful others was significant. This
suggests that interventions that go beyond representation and
rather emphasize opportunities to develop “practice-linked
identities” [45] should be prioritized. We suggest that
approaches which center relationality (rather than just
representation) can contribute to young women’s resilience
in physics. Here, we do not refer to resilience as an individual
construct, but rather a relational and political construct.
Discourses of resilience tend to place emphasis on individual
preparedness, informed decision making, and adaptability
[74], wherein rolemodelsmight demonstrate how to adapt to
physics contexts in ways that promote compliance and
complicity. Rather, we suggest that the relational approach
to learning about being in physics culture can emphasize
developing “ecologies of resilience” [75], to support partici-
pation in physics. Ungar [75] suggests that in ecologies of
resilience, relationships with people and things are mutually
influencing, and function in a continuous exchange. These
relationships can contribute to negotiation of meaning, and
navigation of resources which then foster forms of resilience
that are grounded in relations and belonging. We see this in
the community Sigrid has built around her Science Girls
association. The relationships she has built through engage-
ment in that mostly online community have supported her
navigation of the first year of university physics. She
described finding support from this community in times
when she feels imposter syndrome in her class, in ways that
give her the strength to “raise her hand” and participate in a
context where shewould usually feel intimidation. However,

this still leaves the concern that physics cultures remain
hostile to young women, despite the possibilities to find a
place for oneself through relationship building.

C. Preservation of dominant relations in physics

While this study highlights the importance of U-A IPL
experiences to support students’ sense of belonging to
physics, we also wish to emphasize the scarcity of these
opportunities for most secondary students. The experiences
we described in this paper are not readily available to all
students. Many of the participants we interviewed descri-
bed going to great lengths to secure internships, often
traveling around the country to identify possible oppor-
tunities, or being selected by teachers to attend research
visits or summer schools overseas. While these highly
select opportunities that immerse young people in the lives
of physicists may provide openings for some young women
to gain a sense of belonging in the field, they also preserve
dominant relations of elitism in physics. This elitism is
related in part to the position of physics in the so-called
scientific hierarchy [76], to the sense that natural talent or
ability is required to succeed in physics [6], and also with
the persistent underrepresentation of women and other
minoritized groups in the field [77]. We see this elitism
perpetuated in the inaccessibility of these informal expe-
riences, which we know to be critical for supporting
students’ sense of belonging in the field. Not all students
have the means to attend summer schools abroad, or to
travel abroad for internships. Stella articulated this, sug-
gesting that some of the camps she was interested in
attending would have been “quite a lot of money” and was
out of the question because of that. Furthermore, that
students need to do extensive research to find them, or be
hand selected to attend them, suggest that even learning
about these programs requires resources that most students
do not typically access. Accessing these opportunities
requires a great deal of resourcefulness on the part of
young women, many of whom may not even know that
these kinds of opportunities exist. Relying on these
opportunities to support students’ engagement in physics
reproduces a meritocracy wherein those who seem to work
hard to find resources will succeed, where those who seem
to lack resourcefulness will not. The reality is that many
may simply not have the opportunity. However, we do see
some promising counter examples from our data which
suggests that young people are engaged in work to shift
these relations. For example, Sigrid and Hanna are involved
in creating opportunities and providing resources for other
young women to engage in physics learning environments
that support and promote insider identity work in physics.
Sigrid’s Science Girls initiative is an example of a learning
space that prioritizes inclusion and challenges our finding
that informal physics learning opportunities reproduce
dominant relations of elitism in physics.
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While we have framed these opportunities as possibil-
ities to create “ways in” for young women in physics, we do
not wish to endorse an inaccessible and competitive system
of social mobility in physics that may do more to obscure
social inequalities than it does to repair them. Littler [78]
has argued that this form of neoliberal meritocracy actually
curtails social mobility, and creates the idea of a level
playing field that does not exist. Indeed, we find that young
women may find their place in physics through resource-
fulness and resilience, but their individual successes do
nothing to shift the dominant relations that exist in physics,
which require students to seek out these additional oppor-
tunities in the first place.

D. Limitations

We acknowledge that this study is not representative of
all or even a broad range of young people’s experiences
in physics in Sweden. In fact, the kinds of U-A IPL
programs accessed by these young women are so unusual
as to render them quite exceptional, which is why we
wished to cast a spotlight on these experiences. As such,
the stories we presented here should be read as a slice
of the kinds of experiences that can propel young women
into careers in physics, rather than a regular occurrence in
the lives of students. In highlighting these stories, we
exclude the regular and important home-based experiences
that may contribute to young women’s identity in physics.
For example, we do not include the unstructured activities
or forms of science talk participants may engage in at
home, with their caregivers or extended family members.
These types of informal experiences are rich, but often
mundane and may go unnoticed in the lives of young
women, especially as they narrate important events con-
tributing to their trajectories into physics. In timeline inter-
viewing, these possibly unremarkable experiences may not
be discussed as “stand out” experiences in the context
of the interview. This is a limitation of the timelining
methodology where the extraordinary may be highlighted
in lieu of the ordinary.
We also wish to address the limitations we faced in

reporting these stories. The terms of our informed consent
require us to anonymize the identities of the participants

considerably, and thus we cannot reveal many identifying
details of their backgrounds. As the experiences these
young women described were so exceptional, we struggled
to share enough information about their experiences, while
still maintaining their confidentiality. There are so few
women studying physics in Sweden, and still fewer who
have accessed, to this extent, U-A IPL programs, that we
were cautious not to divulge too much information about
the participants or the programs. In most cases, this
rendered our descriptions significantly less rich than we
would have wished to share. For example, to not com-
promise the identities of the we have not given too much
information about parents’ occupations which would ren-
der them identifiable. We have also not provided details
of migration status (like country of origin) to preserve
participants’ anonymity. Thus, we have largely talked about
“young women” in this context without discussing national
identity or ethnicity in depth, which has compromised some
of the richness we otherwise see in the data.

E. Implications

Our findings suggest that U-A IPL programs, such as
summer schools, internships, university lectures, and par-
ticipation in associations, can open important spaces for
young women’s identity work in physics. In these spaces,
young women can access important identity-forming resour-
ces that can contribute to their ongoing identity work in
physics.However, these spaces are often inaccessible tomost
students and require a great deal of social capital to identify,
apply, and even to attend. Although IPL programs might
provide opportunities to work against the dominant relations
of physics where students, especially girls, learn that physics
is “not for me” [8], the inaccessibility of these programs
reproduce elitism in physics, as they require enormous social
resources to seek out.

ACKNOWLEDGMENTS

Funding for this research is provided by the
Swedish Research Council Educational Sciences Grant
No. 2018-04985.

[1] A. L. Traxler, X. C. Cid, J. Blue, and R. Barthelemy,
Enriching gender in physics education research: A binary
past and a complex future, Phys. Rev. Phys. Educ. Res. 12,
020114 (2016).

[2] R. Scherr, Editorial: Never mind the gap: Gender-related
research in Physical Review Physics Education Research,
2005–2016, Phys. Rev. Phys. Educ. Res. 12, 020003
(2016).

[3] A. J. Gonsalves and A. T. Danielsson, Physics Education
and Gender: Identity as an Analytic Lens for Research
(Springer Nature, New York, 2020), Vol. 19.

[4] Z. Hazari, G. Sonnert, P. M. Sadler, and M. C. Shanahan,
Connecting high school physics experiences, out-
come expectations, physics identity, and physics career
choice: A gender study, J. Res. Sci. Teach. 47, 978
(2010).

OTHER SPACES FOR YOUNG WOMEN’S … PHYS. REV. PHYS. EDUC. RES. 18, 020118 (2022)

020118-13

https://doi.org/10.1103/PhysRevPhysEducRes.12.020114
https://doi.org/10.1103/PhysRevPhysEducRes.12.020114
https://doi.org/10.1103/PhysRevPhysEducRes.12.020003
https://doi.org/10.1103/PhysRevPhysEducRes.12.020003


[5] A. J. Gonsalves, “Physics and the girly girl—there is a
contradiction somewhere”: Doctoral students’ positioning
around discourses of gender and competence in physics,
Cult. Stud. Sci. Educ. 9, 503 (2014).

[6] A. T. Danielsson, Exploring woman university physics
students ‘doing gender’ and ‘doing physics’, Gender Educ.
24, 25 (2012).

[7] L. Avraamidou, “I am a young immigrant woman doing
physics and on top of that I am muslim”: Identities,
intersections, and negotiations, J. Res. Sci. Teach. 57,
311 (2020).

[8] L. Archer, J. Moote, and E. MacLeod, Learning that
physics is ‘not for me’: Pedagogic work and the culti-
vation of habitus among advanced level physics students,
J. Learn. Sci. 1, 347 (2020).

[9] A. J. Gonsalves, A. T. Danielsson, and H. Pettersson,
Masculinities and experimental practices in physics: The
view from three case studies, Phys. Rev. Phys. Educ. Res.
12, 020120 (2016).

[10] A. Ottemo, A. J. Gonsalves, and A. T. Danielsson, (Dis)
Embodied masculinity and the meaning of (non)style in
physics and computer engineering education, Gender
Educ. 1, 1017 (2021).

[11] L. Archer, J. Moote, B. Francis, J. DeWitt, and L.
Yeomans, The “exceptional” physics girl: A sociological
analysis of multimethod data from young women aged
10-16 to explore gendered patterns of post-16 participation,
Am. Educ. Res. J. 54, 88 (2017).

[12] L. Archer, J. DeWitt, J. Osborne, J. Dillon, B. Willis, and
B. Wong, “Doing” science versus “being” a scientist:
Examining 10=11-year-old schoolchildren’s constructions
of science through the lens of identity, Sci. Educ. 94, 617
(2010).

[13] Z. Hazari, E. Brewe, R. M. Goertzen, and T. Hodapp, The
importance of high school physics teachers for female
students’ physics identity and persistence, Phys. Teach. 55,
96 (2017).

[14] J. Maerten-Rivera, N. Myers, O. Lee, and R. Penfield,
Student and school predictors of high-stakes assessment in
science, Sci. Educ. 94, 937 (2010).

[15] Z. Hazari, D. Chari, G. Potvin, and E. Brewe, The context
dependence of physics identity: Examining the role of
performance/competence, recognition, interest, and sense
of belonging for lower and upper female physics under-
graduates, J. Res. Sci. Teach. 57, 1583 (2020).

[16] H. B. Carlone and A. Johnson, Understanding the
science experiences of successful women of color: Science
identity as an analytic lens, J. Res. Sci. Teach. 44, 1187
(2007).

[17] K. Due, Who is the competent physics student? A study of
students’ positions and social interaction in small-group
discussions, Cult. Stud. Sci. Educ. 9, 441 (2014).

[18] M. Berge, A. Danielsson, and M. Lidar, Storylines in the
physics teaching content of an upper secondary school
classroom, Res. Sci. Technol. Educ. 38, 63 (2020).

[19] C. Jackson and A.-S. Nyström, ‘Smart students get perfect
scores in tests without studying much’: Why is an effortless
achiever identity attractive, and for whom is it possible?,
Res. Pap. Educ. 30, 393 (2015).

[20] E. Silfver, A. J. Gonsalves, A. T. Danielsson, and M.
Berge, Gender equality as a resource and a dilemma:
Interpretative repertoires in engineering education in
sweden, Gender Educ. 1 (2021).

[21] L. Avraamidou and W.-M. Roth, Intersections of Formal
and Informal Science (Routledge Evanston, IL, 2016).

[22] L. J. Rennie, Learning science outside of school, in
Handbook of Research on Science Education, edited by
N. G. Lederman and S. K. Abell (Routledge, London,
2014), Vol. II, pp. 134–158.

[23] Learning Science in Informal Environments: People,
Places, and Pursuits, edited by P. Bell, B. Lewenstein,
A. W. Shouse, and M. A. Feder (The National Academies
Press, Washington, DC, 2009).

[24] K. A. Fadigan and P. L. Hammrich, A longitudinal study of
the educational and career trajectories of female partic-
ipants of an urban informal science education program,
J. Res. Sci. Teach. 41, 835 (2004).

[25] J. H. Falk and L. D. Dierking, The 95 percent solution, Am.
Sci. 98, 486 (2010).

[26] B. Habig, P. Gupta, B. Levine, and J. Adams, An informal
science education program’s impact on STEM major and
STEM career outcomes, Res. Sci. Educ. 50, 1051 (2020).

[27] S. Bhattacharyya, T. P. Mead, and R. Nathaniel, The
influence of science summer camp on african-american
high school students’ career choices, School Sci. Math.
111, 345 (2011).

[28] R. Dou, Z. Hazari, K. Dabney, G. Sonnert, and P. Sadler,
Early informal STEM experiences and STEM identity: The
importance of talking science, Sci. Educ. 103, 623 (2019).

[29] H. Cian, R. Dou, S. Castro, E. Palma-D’souza, and A.
Martinez, facilitating marginalized youths’ identification
with stem through everyday science talk: The critical role
of parental caregivers, Sci. Educ. 106, 57 (2022).

[30] J. H. Falk and L. D. Dierking, School is not where most
Americans learn most of their science, Am. Sci. 98, 486
(2010).

[31] R. Tytler and J. Osborne, Student attitudes and aspira-
tions towards science, Second International Handbook
of Science Education (Springer, New York, 2012),
pp. 597–625.

[32] D. McCreedy and L. D. Dierking, Cascading Influences
(The Franklin Institute Science Museum, Philadelphia,
Pennsylvania, 2013).

[33] J. R. Young, N. Ortiz, and J. L. Young, STEMulating
interest: A meta-analysis of the effects of out-of-school
time on student STEM interest, Int. J. Educ. Math. Sci.
Technol. 5, 62 (2017).

[34] J. Rahm, Youths’ and scientists’ authoring of and position-
ing within science and scientists’ work, Cult. Stud. Sci.
Educ. 1, 517 (2007).

[35] J. Rahm, Science in the Making at the Margin: A Multisited
Ethnography of Learning and Becoming in an Afterschool
Program, a Garden and a Math and Science Upward
Bound Program (Sense Publications, Rotterdam, 2010).

[36] E. Tan and A. C. Barton, Hacking a path into and through
STEM: Exploring how youth build connecting pathways
between stem-related landscapes, Teachers College record
122, 1 (2020).

ALLISON J. GONSALVES et al. PHYS. REV. PHYS. EDUC. RES. 18, 020118 (2022)

020118-14

https://doi.org/10.1007/s11422-012-9447-6
https://doi.org/10.1080/09540253.2011.565040
https://doi.org/10.1080/09540253.2011.565040
https://doi.org/10.1002/tea.21593
https://doi.org/10.1002/tea.21593
https://doi.org/10.1080/10508406.2019.1707679
https://doi.org/10.1103/PhysRevPhysEducRes.12.020120
https://doi.org/10.1103/PhysRevPhysEducRes.12.020120
https://doi.org/10.3102/0002831216678379
https://doi.org/10.1002/sce.20399
https://doi.org/10.1002/sce.20399
https://doi.org/10.1119/1.4974122
https://doi.org/10.1119/1.4974122
https://doi.org/10.1002/sce.20408
https://doi.org/10.1002/tea.21644
https://doi.org/10.1002/tea.20237
https://doi.org/10.1002/tea.20237
https://doi.org/10.1007/s11422-012-9441-z
https://doi.org/10.1080/02635143.2019.1593128
https://doi.org/10.1080/02671522.2014.970226
https://doi.org/10.1080/09540253.2021.1963419
https://doi.org/10.1002/tea.20026
https://doi.org/10.1511/2010.87.486
https://doi.org/10.1511/2010.87.486
https://doi.org/10.1007/s11165-018-9722-y
https://doi.org/10.1111/j.1949-8594.2011.00097.x
https://doi.org/10.1111/j.1949-8594.2011.00097.x
https://doi.org/10.1002/sce.21499
https://doi.org/10.1002/sce.21688
https://doi.org/10.1511/2010.87.486
https://doi.org/10.1511/2010.87.486
https://doi.org/10.1007/s11422-006-9020-2
https://doi.org/10.1007/s11422-006-9020-2


[37] A. J. Gonsalves, A. S. Cavalcante, E. D. Sprowls, and
H. Iacono, “Anybody can do science if they’re brave
enough”: Understanding the role of science capital in
science majors’ identity trajectories into and through
postsecondary science, J. Res. Sci. Teach. 58, 1117 (2021).

[38] C. Fracchiolla, B. Prefontaine, and K. Hinko, Community
of practice approach for understanding identity develop-
ment within informal physics programs, Phys. Rev. Phys.
Educ. Res. 16, 020115 (2020).

[39] B. Prefontaine, C. Mullen, J. J. Güven, C. Rispler, C.
Rethman, S. D. Bergin, K. Hinko, and C. Fracchiolla,
Informal physics programs as communities of practice:
How can programs support university students’ identities?,
Phys. Rev. Phys. Educ. Res. 17, 020134 (2021).

[40] J. Randolph, E. Hay, C. Rethman, T. Erukhimova, J. P.
Donaldson, and J. Perry, Impact of informal physics pro-
grams on female university students, in Proceedings of
PER Conf. 2021, virtual conference, 10.1119/perc.2021
.pr.Randolph.

[41] E. Wenger, Communities of Practice: Learning, Meaning,
and Identity (Cambridge University Press, Cambridge, UK,
1998).

[42] H. Carlone, The cultural production of science in reform-
based physics: Girls’ access, participation, and resistance,
J. Res. Sci. Teach. 41, 392 (2004).

[43] D. Holland, W. Lachicotte Jr, D. Skinner, and C. Cain,
Identity and Agency in Cultural Worlds (Harvard
University Press, Cambridge, MA, 1998).

[44] T. L. Strayhorn, College Students’ Sense of Belonging: A
Key to Educational Success for All Students (Routledge,
London, 2019).

[45] N. S. Nasir and V. Hand, From the court to the classroom:
Opportunities for engagement, learning, and identity in
basketball and classroom mathematics, J. Learn. Sci. 17,
143 (2008).

[46] N. S. Nasir and J. Cooks, Becoming a hurdler: How
learning settings afford identities, Anthrop. Educ. Q. 40,
41 (2009).

[47] W. H. Sewell, A theory of structure: Duality, agency, and
transformation, Am. J. Sociology 98, 1 (1992).

[48] N. S. Nasir, Racialized Identities: Race and Achievement
among African American Youth (Stanford University
Press, Stanford, CA, 2011).

[49] S. Hyater-Adams, C. Fracchiolla, N. Finkelstein, and K.
Hinko, Critical look at physics identity: An operationalized
framework for examining race and physics identity, Phys.
Rev. Phys. Educ. Res. 14, 010132 (2018).

[50] J. DeWitt and L. Archer, Participation in informal science
learning experiences: The rich get richer?, Int. J. Sci. Educ.
Part B 7, 356 (2017).

[51] M. Börjesson, D. Broady, T. Dalberg, and I. Lidegran,
Elite education in Sweden, Elite Educ. Int. Perspect. 92
(2015).

[52] F. Svensson and S. Berlin Kolm, Tidiga avhopp från
högskolan–analyser av genomströmning på de tio största
yrkesexamensprogrammen, Stockh. UKÄ UKÄ Rapp.
2017, 17 (2017).

[53] R. E. Stake, Case study: Composition and performance,
Bull. Counc. Res. Music Educ. 31 (1994).

[54] I. Goodson and P. J. Sikes, Life History Research
in Educational Settings: Learning from Lives (Open
University Press, Milton Keynes, England, 2001).

[55] H. K. Adriansen, Timeline interviews: A tool for con-
ducting life history research, Qual. Stud. 3, 40 (2012).

[56] S. Kvale, Interviews: An Introduction to Qualitative
Research Methodology (Sage, Thousand Oaks, CA, 1996).

[57] P. Anderhag, P. Emanuelsson, P.-O. Wickman, and K. M.
Hamza, Students’ choice of post-compulsory science: In
search of schools that compensate for the socio-economic
background of their students, Int. J. Sci. Educ. 35, 3141
(2013).

[58] T. Mujtaba, R. Sheldrake, M. J. Reiss, and S. Simon,
Students’ science attitudes, beliefs, and context: Associa-
tions with science and chemistry aspirations, Int. J. Sci.
Educ. 40, 644 (2018).

[59] J. Saldaña, The Coding Manual for Qualitative Research-
ers (Sage, Thousand Oaks, CA, 2015).

[60] V. Braun and V. Clarke, Using thematic analysis in
psychology, Qual. Res. Psychol. 3, 77 (2006).

[61] M. Ong, J. M. Smith, and L. T. Ko, Counterspaces for
women of color in STEM higher education: Marginal and
central spaces for persistence and success, J. Res. Sci.
Teach. 55, 206 (2018).

[62] D. Solorzano, M. Ceja, and T. Yosso, Critical race theory,
racial microaggressions, and campus racial climate: The
experiences of African American college students, J. Negro
Educ. 69, 60 (2000).

[63] Z. Hazari, P. M. Sadler, and G. Sonnert, The science
identity of college students: Exploring the intersection of
gender, race, and ethnicity, J. Coll. Sci. Teach. 42, 82
(2013).

[64] W. Campaign, Women in STEM Workforce 2017, WISE
Campaign (2017), https://www.wisecampaign.org.uk/
women-in-stem-workforce-2017/.

[65] Center for Science and Engineering, Improving Diversity
in STEM, Tech. Rep. (2014), https://www.sciencecentres
.org.uk/documents/360/casediversityinstemreport2014.pdf.

[66] H. Markus and P. Nurius, Possible selves, Am. Psychol. 41,
954 (1986).

[67] P. Häussler and L. Hoffmann, An intervention study to
enhance girls’ interest, self-concept, and achievement in
physics classes, J. Res. Sci. Teach. 39, 870 (2002).

[68] Z. Hazari, G. Potvin, R. M. Lock, F. Lung, G. Sonnert,
and P. M. Sadler, Factors that affect the physical science
career interest of female students: Testing five common
hypotheses, Phys. Rev. ST Phys. Educ. Res. 9, 020115
(2013).

[69] R. M. Lock and Z. Hazari, Discussing underrepresentation
as a means to facilitating female students’ physics identity
development, Phys. Rev. Phys. Educ. Res. 12, 020101
(2016).

[70] K. Beddoes, Engineering education discourses on under-
representation: Why problematization matters, Int. J. Eng.
Educ. 27, 1117 (2011).

[71] F. Henwood, WISE choices? Understanding occupational
decision-making in a climate of equal opportunities for
women in science and technology, Gender Educ. 8, 199
(1996).

OTHER SPACES FOR YOUNG WOMEN’S … PHYS. REV. PHYS. EDUC. RES. 18, 020118 (2022)

020118-15

https://doi.org/10.1002/tea.21695
https://doi.org/10.1103/PhysRevPhysEducRes.16.020115
https://doi.org/10.1103/PhysRevPhysEducRes.16.020115
https://doi.org/10.1103/PhysRevPhysEducRes.17.020134
https://doi.org/10.1119/perc.2021.pr.Randolph
https://doi.org/10.1119/perc.2021.pr.Randolph
https://doi.org/10.1002/tea.20006
https://doi.org/10.1080/10508400801986108
https://doi.org/10.1080/10508400801986108
https://doi.org/10.1111/j.1548-1492.2009.01027.x
https://doi.org/10.1111/j.1548-1492.2009.01027.x
https://doi.org/10.1086/229967
https://doi.org/10.1103/PhysRevPhysEducRes.14.010132
https://doi.org/10.1103/PhysRevPhysEducRes.14.010132
https://doi.org/10.1080/21548455.2017.1360531
https://doi.org/10.1080/21548455.2017.1360531
https://doi.org/10.7146/qs.v3i1.6272
https://doi.org/10.1080/09500693.2012.696738
https://doi.org/10.1080/09500693.2012.696738
https://doi.org/10.1080/09500693.2018.1433896
https://doi.org/10.1080/09500693.2018.1433896
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1002/tea.21417
https://doi.org/10.1002/tea.21417
https://www.wisecampaign.org.uk/women-in-stem-workforce-2017/
https://www.wisecampaign.org.uk/women-in-stem-workforce-2017/
https://www.wisecampaign.org.uk/women-in-stem-workforce-2017/
https://www.wisecampaign.org.uk/women-in-stem-workforce-2017/
https://www.wisecampaign.org.uk/women-in-stem-workforce-2017/
https://www.sciencecentres.org.uk/documents/360/casediversityinstemreport2014.pdf
https://www.sciencecentres.org.uk/documents/360/casediversityinstemreport2014.pdf
https://www.sciencecentres.org.uk/documents/360/casediversityinstemreport2014.pdf
https://www.sciencecentres.org.uk/documents/360/casediversityinstemreport2014.pdf
https://www.sciencecentres.org.uk/documents/360/casediversityinstemreport2014.pdf
https://doi.org/10.1037/0003-066X.41.9.954
https://doi.org/10.1037/0003-066X.41.9.954
https://doi.org/10.1002/tea.10048
https://doi.org/10.1103/PhysRevSTPER.9.020115
https://doi.org/10.1103/PhysRevSTPER.9.020115
https://doi.org/10.1103/PhysRevPhysEducRes.12.020101
https://doi.org/10.1103/PhysRevPhysEducRes.12.020101
https://doi.org/10.1080/09540259650038860
https://doi.org/10.1080/09540259650038860


[72] E. W. Close, J. Conn, and H. G. Close, Becoming physics
people: Development of integrated physics identity
through the learning assistant experience, Phys. Rev. Phys.
Educ. Res. 12, 010109 (2016).

[73] J. Gilbert and S. Calvert, Challenging accepted wisdom:
Looking at the gender and science education ques-
tion through a different lens, Int. J. Sci. Educ. 25, 861 (2003).

[74] J. Joseph, Resilience as embedded neoliberalism: A gov-
ernmentality approach, Resilience 1, 38 (2013).

[75] M. Ungar, The Social Ecology of Resilience: A Handbook
of Theory and Practice (Springer Science & Business
Media, New York, 2011).

[76] B. L. Whitten, What physics is fundamental physics?
Feminist implications of physicists’ debate over
the superconducting supercollider, NWSA Journal 8, 1
(1996).

[77] R. Ivie, C. L. Tesfaye, R. Czujko, and R. Chu, The global
survey of physicists: A collaborative effort illuminates the
situation of women in physics, AIP Conf. Proc. 1517, 53
(2013).

[78] J. Littler, Against Meritocracy: Culture, Power
and Myths of Mobility (Taylor & Francis, London,
2017).

ALLISON J. GONSALVES et al. PHYS. REV. PHYS. EDUC. RES. 18, 020118 (2022)

020118-16

https://doi.org/10.1103/PhysRevPhysEducRes.12.010109
https://doi.org/10.1103/PhysRevPhysEducRes.12.010109
https://doi.org/10.1080/09500690305030
https://doi.org/10.1080/21693293.2013.765741

