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Abstract

The rapid increase in technological advancements in quantum information science and tech-
nology (QIST) necessitates a diverse workforce. The need for understanding how students,
especially young women, develop QIST identity is an important consideration in career
aspiration formation. With no existing framework for QIST identity development, this qual-
itative longitudinal exploratory case study combined aspects of identity frameworks in the
QIST-adjacent fields of physics, computer science, engineering, and mathematics into a new
framework to identify factors influencing QIST identity development for precollege women.
This framework was inductively generated from the analysis of 20 interviews with women
from a high school QIST outreach program that was developed by university quantum re-
searchers. The first round of interviews (N = 14) was conducted two to four weeks after the
conclusion of the QIST workshops and focused on student attitudes towards QIST, while
the second round of interviews (N = 6) was conducted six to eighteen months later and
focused on emerging elements of the QIST identity framework. Analysis of the interviews
showed that the proposed framework, which included performance/competence, inter-
est, recognition, and sense of belonging—found in identity frameworks of QIST-adjacent
fields—required the addition of (1) normative comparison, (2) positional advantage, and
(3) career expectancy.

Keywords: qualitative methods; quantum information science and technology; secondary
school; STEM identity; women in STEM; K-12 education

1. Introduction

With the current growth in quantum information science and technology (QIST), there
is a need to facilitate quantum literacy and inspire precollege students to pursue post-
secondary QIST study and vocations (NSTC, 2018; Ruane et al., 2025). A well-prepared,
diverse QIST workforce will drive technological advancement and accelerate discoveries
that improve the global condition (QED-C, 2025a). Recent breakthroughs in areas such
as quantum sensing have the potential to transform healthcare, geospatial navigation,
mineral exploration, and telecommunications (QED-C, 2025b). The U.S. National Quantum
Initiative aims to “empower the full spectrum of talent. .. to build capacity and gener-
ate the quantum-literate workforce that will implement the results of these [quantum]
breakthroughs” (NSTC, 2024, p. 16). However, precollege students typically have limited
awareness of quantum academic pathways, and few opportunities to engage in QIST
learning that inspires interest, motivation, and self-concept (Darienzo et al., 2024; Plunkett
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et al., 2020). As QIST industries expand and qualified talent is limited (QED-C, 2026),
it is important to understand how students early in the academic pipeline identify with
the field and develop career interest. Lack of diverse participation in science, technology,
engineering, and mathematics (STEM) disciplines may limit innovation, productivity, and
sustainability (National Academies of Sciences, Engineering, and Medicine, 2020).

Women may be specifically targeted in these workforce development efforts, as they
constitute approximately 50% of the overall population but are less represented in QIST-
adjacent fields. Although there are limited demographic data for the QIST workforce, the lack
of women in QIST-adjacent fields suggests that a disparity may exist. For example, only 15%
of authors publishing in physics in 2020 were women, along with 16% in computer science,
15% in mathematics, and 18% in engineering (Huang et al., 2020), indicating that a similar
pattern might be expected in QIST, an integration of these four major disciplines. Earlier in the
academic pipeline, women have earned a lower share of undergraduate degrees in physics
(25%), mathematics and computer science (28%), and engineering (24%) when compared
to men (Mulvey & Nicholson, 2025; NSB, 2022). Research has identified persistent gender
disparities in mathematically intensive fields that may be perceived as requiring brilliance
(Leslie et al., 2015); this trend may also be attributed to differences in career interests and
preferences (Ceci & Williams, 2015). This pilot study explored how specific outreach strategies
may relate to emerging QIST interest and identity formation in women.

This qualitative exploratory case study examined the preliminary QIST identity devel-
opment of high school women (grades 10-12, approximate ages 15-18) participating in a
one-week QIST outreach program that was developed by university physics faculty. Longitu-
dinal interviews were conducted to elicit insights into their retrospective academic trajectories
and how QIST participation influenced their perceived positioning within the field. This
exploration generated a newly developed QIST identity framework that combines constructs
from previous studies on identity development in QIST-adjacent fields with emergent affective
constructs. This framework offers preliminary considerations for diversifying the future QIST
workforce and fostering QIST literacy, which is here defined as “a basic understanding of
the core principles of quantum science, extending from foundational concepts in classical
and quantum physics to the tenets of quantum information processing, and of how these
principles relate to real-world applications” (De La Cruz et al., 2026).

This work provides a model for characterizing high school students” QIST identity
formation, which may inform future work on improving accessibility in the field. The
research questions for the present study are: (1) How might QIST identity be operationally
defined for precollege women? (2) How is QIST identity consistent with and differentiated
from prior STEM identity frameworks? (3) How might QIST outreach programs be designed
to promote women’s QIST identity formation?

1.1. Precollege QIST Gender Studies

To maximize the diversity of the future QIST workforce, it is important to provide
opportunities for precollege experiences that are designed to encourage interest in the field
(NSTC, 2018). At the time of the present study, there was little research on the differences
between the success or interest of men and women in QIST after completing QIST-related
programs, although there has been a steadily increasing range of studies that assessed
QIST programs for high school students (Darienzo & Kelly, 2024). A Google Scholar search
for the terms “gender in quantum information science and technology” and “gender in
quantum” in July of 2025 yielded only four studies relevant to the assessment of gender
differences in QIST programming for high school students (Adegoke, 2012; Julita et al.,
2020; Kelly et al., 2025b; Nita et al., 2021), and one study of a quantum-themed exhibition
designed for the general public (Faletic et al., 2023). This suggests the need for additional
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research on how women perceive themselves in QIST, an emerging field with a projected
27% annual growth rate to $2.2B in 2027 (QED-C, 2025b).

Prior research in precollege quantum physics has largely focused on quantitative
measures of students” QIST knowledge development, with few publications addressing
gender differences in these measures. One study compared traditional and interactive
quantum physics courses for high school students in Africa, reporting that men scored
higher than women on the pre-test. Men's post-test scores increased more than women'’s
in the lecture course, while women saw greater gains in the interactive course (Adegoke,
2012). Julita et al. (2020) examined the mathematics performance of high school students in
Indonesia who completed a quantum course utilizing creative problem solving, finding no
significant differences when comparing men and women. Nita et al. (2021) found no gender-
based performance differences among secondary students in the United Kingdom who
completed a quantum-themed game called Quantum Odessey. Kelly et al. (2025b) analyzed
attitudinal outcomes from a week-long quantum outreach program; data indicated an
overall increase in career aspiration formation and self-concept, with analysis of covariance
indicating no differences in gains between women and men. An extension of this work
found that there were also no gender differences in knowledge gains in classical physics,
quantum physics, and quantum computing concepts and skills (De La Cruz et al., 2026).
Lastly, Faletic et al. (2023) assessed survey data from two quantum exhibitions in Italy,
Quantum Technologies for Everyone and Italian Quantum Weeks; results suggested that visitors
with more background knowledge generally were more interested and wanted to share
their experiences with others, with similar scores for men and women. These quantitative
studies suggest that more research is needed to understand how students develop QIST
interest and engagement at the precollege level, which may lead to QIST career aspiration
formation and post-secondary study. The focus of the present study is women due to
their low representation in the physical sciences, computer science, mathematics, and
engineering (NSB, 2022).

1.2. Women'’s Identity Development in QIST-Adjacent Fields

The observed gender gap in select STEM fields may be due to latent psychosocial
factors that are not easily measured. One strategy for determining the source of this gap is
to develop a framework for identity in QIST, an interdisciplinary field that includes con-
cepts, skills, and practices from physics, mathematics, computer science, and engineering
(Johnson, 2021). Identity development in QIST-adjacent fields may be hindered by the
notion that they require innate intelligence, which may be a barrier to diverse participation
(Leslie et al., 2015; Rosenberg et al., 2024). In addition to this fixed mindset perception
(Kalender et al., 2022), women'’s identification with QIST may be conceptualized through
identity development research in QIST-adjacent fields.

Although there is overlap among factors in identity frameworks for the QIST-adjacent
fields of physics, computer science, mathematics, and engineering, there are some notable
differences. Many of these frameworks build upon a STEM identity framework for women
designed by Carlone and Johnson (2007), who identified three thematic elements: recognition,
performance, and competence. Recognition is operationally defined as the extent to which
others (e.g., teachers, classmates, and family members) acknowledge the STEM ability of
the student (Hazari et al., 2010; Kalender et al., 2019; Nehmeh & Kelly, 2021). Competence
refers to a student’s perceived level of knowledge about a certain topic, while performance
focuses on a student’s ability to demonstrate this knowledge to others (Carlone & Johnson,
2007). In women’s physics identity research, Hazari et al. (2010) built on this framework
by adding a fourth factor—interest, which Carlone and Johnson (2007) had omitted because
it was assumed that their participants already had an interest in science. Interest refers to
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wanting to understand and learn more about physics (Hazari et al., 2010), combined with
having positive feelings associated with this desire to learn (Kalender et al., 2019).

This women's identity model from Hazari et al. (2010) was tested by Cass et al. (2011)
as a possible mathematics identity framework and found to be a predictor of career as-
piration formation in engineering. Cass et al. (2011) also included the combination of
performance and competence, similar to Kalender et al.’s (2019) physics identity frame-
work, which combined performance and competence into a single category, competency
belief. Competency belief had previously been described as a combination of a student’s
confidence in their own ability to solve physics problems and understand disciplinary
content (Carlone & Johnson, 2007). In a further analysis of Cass et al.’s (2011) framework,
performance/competence was shown to lead to interest and recognition independently as
part of mathematics identity (Cribbs et al., 2015).

Methods to foster recognition, performance/competence, and interest were identified
in several studies of computer science identity (Beyer, 2014; Cakir et al., 2017; Scott et al.,
2023; Shaw & Kafai, 2020), which mainly focused on women specifically. There have
been several successful strategies for developing women's interest in computer science,
including engagement in culturally relevant activities (Shaw & Kafai, 2020) and highlighting
the positive societal effects of computer science (Cakir et al., 2017). To improve feelings
of performance/competence, it has also been helpful to scaffold tasks, providing small
successes throughout the problem-solving process to increase self-efficacy (Cakir et al.,
2017). This may be due to the cognitive complexity of computational tasks that many
students attempt in isolation (Scott et al., 2023), which are often less positive for women
who value interpersonal interactions (Beyer, 2014).

Shortly after the adoption of similar frameworks for women’s physics identity (Hazari
etal., 2010; Kalender et al., 2019), mathematics identity (Cass et al., 2011), and computer
science identity (Mahadeo et al., 2020; Taheri et al., 2018), a general engineering identity
framework focusing on recognition, performance/competence, and interest was developed
(Godwin et al., 2013; Godwin & Lee, 2017; Patrick et al., 2018). While measuring these
three factors in identity frameworks for mathematics (Boaler et al., 2000; Miller-Cotto &
Lewis, 2020), computer science (Peters & Pears, 2013; Wong, 2016), and engineering (Revelo
et al., 2019; Rhode et al., 2019), several studies identified sense of belonging as another
important factor in identity development. Sense of belonging describes the intensity of belief
that one fits into their field of study (Peters & Pears, 2013); this may be facilitated by a
learning environment that is both gender-neutral and positive, thus making students feel
confident and adequate (Wong, 2016). In the case of mathematics identity, it was found
that an increased sense of belonging and performance within a group had positive effects
(Boaler et al., 2000; Miller-Cotto & Lewis, 2020). In the case of engineering, students who
belong to a community of engineers have often experienced both recognition (Revelo
et al., 2019) and an increased sense of belonging in the field (Rhode et al., 2019). Notably,
Godwin et al.’s (2016) work in engineering identity development surfaced a fourth factor
beyond recognition, performance/competence, and interest. This factor, agency beliefs,
described students recognizing the relationship between engineering and relevance to their
own lives (Godwin et al., 2016). Research has also shown that those who feel confident
in tinkering, design, and analysis are more likely to have stronger engineering identity
(Choe et al., 2019). These two ideas, however, may overlap with the concepts of interest
performance/competence, as they both foster an increase in positive feelings in these areas.

In studies about mathematics identity, methods for fostering a sense of belonging
included the presence of a mathematics teacher who demonstrated strong mathematics
identity and enjoyment in the field, as well as teachers who provided opportunities to solve
mathematical problems that were socially relevant (Anderson et al., 2015). For a sense
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of belonging in computer science, instructors have been urged to broaden the perception
of a “computer science person” beyond someone who is male and wears glasses (Shaw
& Kafai, 2020), since early gendered perceptions of who belongs in computer science
may contribute to disparities in the field (Lagesen, 2007; Master et al., 2021). It is also
important for traditionally underrepresented students to feel as though people who look
like them can be successful in mathematics (Miller-Cotto & Lewis, 2020). This role model
association contributes to shared social identity, the perception of career attainability, and
the expectancy of what life may be like in a STEM career (Gladstone & Cimpian, 2021).

Based on these studies, it can be concluded that the main overarching factors for
women’s identity development in the QIST-adjacent fields of physics, computer science,
mathematics, and engineering are recognition, performance/competence, interest, and
sense of belonging.

1.3. Overcoming Challenges to QIST Identity Development in Women

Research in women’s identity development in QIST-adjacent fields has identified sev-
eral tensions and barriers to belonging. Studies have shown that women tend to experience
lower self-efficacy than men in mathematically intensive fields such as engineering, physics,
and computer science (Koul et al., 2011; Leslie et al., 2015). Many women have experienced
implicit bias, negative stereotypes, and stereotype threat, which may result in physiological
stress that diminishes academic performance (Marchand & Taasoobshirazi, 2013). Nega-
tive self-perceptions may also result from academic social atmospheres characterized by
authoritarian teacher-centered instruction, unwelcoming learning environments, and lack
of effective pedagogy (Maries et al., 2025).

When applying STEM identity frameworks to women, it is important to consider that
there are often gender differences in STEM-related parental support, educator support,
and prior experiences (Chen et al., 2020; Hazari et al., 2008; Revelo et al., 2019). Computer
science identity research has suggested the importance of learning environments that
facilitate comfort and confidence (Rhode et al., 2019). However, this may be challenging
since faculty in QIST-adjacent fields are more often men (Wong, 2016), and the lack of
women role models may discourage young women from envisioning careers in these fields
(Shaw & Kafai, 2020). Another strategy for encouraging women to pursue QIST-adjacent
fields is to communicate the societal benefits; this has been described as an important
aspect of STEM identity development in women (Kelly, 2016). Sense of belonging may also
be improved by building social cohesion with others in STEM, facilitating resilience, and
providing adequate support from members of the STEM community (Dost, 2024; Nehmeh
& Kelly, 2021).

1.4. Conceptual Framework

QIST is a combination of physics, computer science, mathematics, and engineering,
and there is overlap among identity frameworks in these QIST-adjacent fields. The con-
ceptual framework of this study was developed by selecting common aspects of each to
propose a single QIST identity framework, which has been largely missing from QIST edu-
cation research to date. This also considers factors that relate to diminished female identity
in these QIST-adjacent subject areas when compared to men. This preliminary QIST identity
conceptual framework for women is based on the expansion of Carlone and Johnson’s
(2007) framework articulated by Hazari et al. (2010) and Kalender et al. (2019), which were
tested in QIST-adjacent disciplines, as well as the sense of belonging factor that arose in
several studies (Anderson et al., 2015; Peters & Pears, 2013). Consequently, the conceptual
framework for this study includes four identity factors. The first, performance/competence,
is here defined as a student’s personal judgment of their own QIST ability and understand-
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ing of related disciplinary content (Carlone & Johnson, 2007). Research has shown that this
construct often facilitates interest, recognition, and sense of belonging; these relationships
are based upon those established in studies in physics, computer science, mathematics,
and engineering identity development (Cribbs et al., 2015; Kalender et al., 2019). Student
interest is the degree of one’s desire to learn about QIST along with a positive view of
the subject (Hazari et al., 2010; Kalender et al., 2019). Recognition is the extent to which
students” QIST performance/competence is seen and affirmed by others (Hazari et al., 2010;
Kalender et al., 2019; Nehmeh & Kelly, 2021)—this may include peers both in and out of
school, parents, teachers, and the QIST experts that students encountered in the outreach
program. Both interest and recognition may lead to a sense of belonging in QIST, which
is the intensity of the belief that one feels part of a QIST community of learners (Peters &
Pears, 2013). The flow of these four factors into QIST identity, represented in Figure 1, is
novel in this study and was inductively explored via qualitative analysis of interviews with
precollege women who engaged in QIST outreach.

Recognition

) mimn—
Belonglng |d?antity
. Interest

Figure 1. Conceptual framework.

Performance/
Competence

2. Materials and Methods

This qualitative exploratory longitudinal case study (Creswell & Creswell, 2023) ex-
amined the QIST identity development of high school women via interviews after their
participation in the QIST Outreach Program, a 25-h outreach program that was run twice
each year in 2023-2024 (N = 131, n = 59 women (45%), n = 72 men (55%)), with sessions
alternating between a research university in the Northeast United States and an urban
informal science institution. Several of these analyses were longitudinal in nature, with
follow-up interviews conducted up to 18 months after participation. All interviews were
analyzed using constructs identified in the review of the literature on identity development
in QIST-adjacent fields, as well as through grounded theory, allowing the researchers to
inductively generate factors influencing QIST identity development (Strauss & Corbin,
1997). Institutional Review Board approval was secured for the study (Stony Brook Univer-
sity IRB #2022-00244). High school women provided voluntary assent and their guardians
provided written consent.

2.1. QIST Outreach Program

This research analyzed the experiences of 15 high school women who self-selected
into the QIST Outreach Program, a week-long program that introduced QIST content and
skills through in-depth exploration of classical physics, quantum physics, and quantum
computing. This program was designed and taught by a theoretical quantum physicist
(male), an experimental quantum physicist (male), and a physics education researcher
(female), all of whom were physics faculty members at a research university. The program
was also staffed by a rotating group of 12 graduate teaching assistants (four women,
ten men), two undergraduate teaching assistants (both women), and QIST professionals
employed in industry (three women, one man). The 25-h program was designed to:
(1) provide engaging and challenging QIST experiences for high school students in grades
10-12 (approximately aged 15-17 years old); (2) facilitate QIST literacy; and (3) inform
students of QIST career opportunities and academic pathways that may prepare them for
the QIST workforce.
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The QIST Outreach Program featured lectures, demonstrations, simulations, and
hands-on practical experiences in classical physics, quantum physics, and quantum com-
puting, as well as laboratory visits, museum exhibit exploration, panels with graduate
students and quantum physicists in the field, and workshops on academic preparation for
QIST-adjacent majors and careers (for additional technical program details, see Schneble
etal., 2025). The program topics were largely consistent with recent publications identifying
core concepts that should be taught in secondary quantum physics curricula, including
wave interference, superposition of quantum states, quantum measurement, probability
amplitudes, and Schrodinger’s cat (Bitzenbauer et al., 2025; National Q-12 Education Part-
nership, 2023). However, the present program also included classical physics concepts since
most students had not taken a physics course prior to their enrollment. Topics, activities,
and approximate instructional times are summarized in Table 1.

Table 1. Summary of QIST disciplinary topics and activities.

QIST Concepts/Skills Activities
Domain
Observing and predicting wave interference and diffraction
with PhET simulations.
. Creating slit interference devices with a human hair.

Electromagnetic Measuring light intensity with two to three polarizing filters

spectrum; classical and quantum behavior of light and interpreting Malus’s law graphically.

(superposition, Comparing diffraction and polarization for classical waves

Classical and

interference, diffraction, polarization,
photoelectric effect); quantum basis of the physical

and quantum particles (photons).

Quantum Physics world: wave-particle dualitv: single-partick Making predictions of, fmd experimentally gbserving,
S h) s wave-p y; Single-particie interference patterns with a Mach-Zehnder interferometer.
@fperpo;ltloﬂn fo:;l atoms & photons; “which-way Discussions of entanglement in Schrédinger’s cat and its
miormation an extension to Wigner’s friend.
quantum ir}terfe.:rence; quantum coherence in Students also obgserved “quantum” at work in an atomic,
macroscopic objects. molecular, optical (AMO) research laboratory at the university
or visited interactive light exhibits at the informal
science institution.
. Building a Bloch sphere model.

Superposition and Performing Mathematica simulations of a single qubit in

entanglement; the various orientations.

Poincaré and Bloch spheres; basic quantum Playing Qubit Touchdown.

gates; connections Comparing classical and quantum gates.

between quantum Building single and multiple qubit circuits with IBM

Quanturp concepts apd the Composer and observing probabilities of outcomes, including

Computing mathematics of ) ) ) ) circuits describing Schrédinger’s cat and Wigner’s friend.

(10 h) vectors and matrices; single and multiple qubit Sending coded messages to each other as an illustration of
circuits; unitary evolution and cryptography.
measuremen’F; q'uar}tum key di§tribution; Moore’s , Performing tests of Bell’s inequality in hands-on activities
}aw anq the limitations of class1c§l computing; Bell’s using computation and IBM Composer.
inequality and the 2022 Nobel Prize (Aspect, Exploring potential quantum computing scenarios and future
Clauser, Zeilinger). applications and use cases.

Panels/discussions with graduate students about their
The four pillars of quantum information science developir}g intqrest in'QIST StUdY: ) )

QIST (Computir}g, §imulation, sensing, communication) as Par'1els / (.ilsc.usswns w1t};.czl;1§eer scientists to discuss career

Career career g.mdehnes; tCra]chtorles 11r} qt{antum lieh s o )

Pathways acadermc pathways to pursue QIST careers; é’ €ge app 1(35;;10“ workshop with university

2h) potential quantum admissions staff. ) ) o
computing scenarios and future Information on optimal electlye science apd mathematics high
applications and use cases. school coursework for pursuing careers in STEM, as well as

information on majors in QIST-adjacent fields.
Students worked in groups of three to five to prepare

((;I‘E;lp Work All of the above topics. 15-20-min presentations on a topic of their choice, including

an interactive component with questions for their peers.
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The outreach program was also designed with pedagogical strategies to optimize and
facilitate QIST understanding, affective domains, and identity formation. The pedagogical
strategies included elements consistent with best practices in prior research on QIST sec-
ondary outreach programs. Many researchers have suggested multiple representations of
complex QIST concepts to high school students to facilitate learning, including hands-on
activities, paper and pencil tasks, board games, computer-based simulations, and IBM
Composer (Angara et al., 2020, 2022; Hughes et al., 2022; Satanassi et al., 2021; Walsh et al.,
2022). The use of multiple representations has been shown to improve science process
skills (Gizaw & Sota, 2023), which may lead to increased performance and competence.
Students were exposed to QIST role models (both men and women) through interactions
with their instructors, graduate and undergraduate student assistants, quantum physicists
in an AMO laboratory, and panels of quantum scientists (Schneble et al., 2025). There were
several formal and informal opportunities for students to learn about academic and career
pathways into quantum disciplines. Interactions with role models in the physical sciences
have been shown to improve career expectancy and aspirations, self-efficacy, and resilience
for women in male-dominated environments (Koul et al., 2011; Richman et al., 2011). Prior
quantitative research from program participants indicated students” increased QIST career
aspirations formation (Kelly et al., 2025b). They also increased their knowledge of classical
physics, quantum physics, and quantum computing, regardless of their prior academic
coursetaking in mathematics, chemistry, physics, and computer science (De La Cruz et al,,
2026). The present study sought to explore qualitative insights into how students’ affective
and cognitive domains influenced QIST identity formation. The longitudinal research
design was implemented to capture temporal shifts that may explain how these women
conceptualized QIST learning and their future engagement in the field.

2.2. Data Collection

To assess the development of QIST identity in high school women, 14 interviews
were conducted two to four weeks after the workshops, and an additional six delayed
post-interviews were conducted six to 18 months later (five were from the original group of
14, and one was a new participant). The students self-selected after recruitment letters were
sent to all participants. These interviews were initially analyzed using a provisional coding
scheme (Saldana, 2009), which focused on QIST identity development that originated in
the review of the literature. After applying this coding scheme, the researchers found that
some newly surfaced aspects of QIST identity development required more in-depth explo-
ration; consequently, six follow-up interviews were conducted six to 18 months following
participation in the QIST Outreach Program (depending on the year they participated). The
semi-structured protocol was developed based on factors affecting identity development
in QIST-adjacent fields (see Supplementary Materials). The total number of interviews
was 20, with 14 conducted in round one and six conducted in round two. All interviews
were conducted via video conference. The timing for the interviews and each cohort of
the QIST Outreach Program is illustrated in Figure 2. The initial round of interviews was
conducted by one of the QIST Outreach Program faculty instructors (the second author),
and the second round of interviews was conducted by the first author, both of whom were
women physics education researchers. Recordings were transcribed verbatim.
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June 2023 Fall 2023 June 2024 Fall 2024
QIST Camp Cohort 1 Interview Round 1: Part 1 QIST Camp Cohort 3 Interview Round 1: Part 2
17 women/14 men 10 interviews conducted by QIST 16 women/15 men 4 interviews conducted by QIST Camp
Location: University Camp instructor with cohorts 1 and 2 Location: University instructor with cohorts 3 and 4

March 2025

Interview Round 2

August 2023

QIST Camp Cohort 2

August 2024

QIST Camp Cohort 4

8 women/7 men
Location: Informal
Science Institution

16 women/36 men
Location: Informal
Science Institution

6 interviews conducted by
research team member
cohort 1 x 2/ cohort 3 x4

Figure 2. Timeline of the QIST Outreach Program cohorts and interviews.

2.3. Coding Process

The researchers developed a provisional coding strategy, with the initial codes based
upon prior research in identity development in QIST-adjacent fields (Saldafia, 2009). From
this research, four coding categories were defined to correspond with the conceptual
framework: (1) confidence in QIST performance/competence, (2) interest, (3) recogni-
tion, and (4) sense of belonging. Axial codes were then identified within these categories
(e.g., in the recognition category, axial codes included recognition from educators, peers,
family, and self). Two researchers independently applied these codes with elements of
grounded theory (Strauss & Corbin, 1997), allowing for the addition of new codes as the
researchers worked collaboratively to achieve >90% interrater reliability in 25% of the
transcripts. The researchers met three times to compare their codes and adjust the coding
scheme to capture constructs that were formative in students” QIST identity. Agreement
was calculated based upon the presence or absence of open and axial codes per segment;
disparities were resolved through extended discussions until consensus was reached. The
final coding scheme was developed and applied to all 20 interviews (see Supplemental Ma-
terials), with additions from the first interrater check and second interrater check marked as
1 and 2, respectively.

The initial axial and open code descriptions were developed based on questions
from existing surveys that addressed three of the factors from the theoretical framework:
performance/competence, interest, and recognition. Performance/competence was broken
down into two areas: ability confidence, which refers to how confident a student feels in their
own QIST abilities (Kalender et al., 2019), and persistence, which describes determination
to succeed (Patrick et al., 2018). Interest was divided into the level of enjoyment of QIST
and the desire to learn more about QIST concepts and research. Recognition was identified
by the source: educators (including teaching assistants), peers (including those outside of
their QIST class), family, and self. For sense of belonging in QIST, the codes were based
on influence factors for women in QIST-adjacent fields. This included teaching strategies
such as interactive activities, conceptual scaffolds, multiple representations, and emphasis
on potential QIST societal relevance (Cakir et al., 2017). Other codes related to creating
a positive learning environment that was gender-neutral (Wong, 2016), having a teacher
with a strong QIST identity and level of enjoyment (Anderson et al., 2015), and providing
a sense of community in QIST (Revelo et al., 2019). The newly generated codes focused
on factors influencing QIST confidence, including normative comparisons, the desire for
positional advantage, and developing career expectancy. These constructs are defined in
detail in the Findings (Section 3.6).
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2.4. Study Participants

The fifteen interviewed students had varying grade levels and prior experiences
in mathematics, science, and computer science coursework. At the time of the QIST
Outreach Program, five students had completed 9th grade, four had completed 10th grade,
and six had completed 11th grade. Most had completed chemistry and at least Algebra
2/ Trigonometry, yet less than one-third had taken physics, computer science, and science
research coursework. Participants” academic backgrounds, as well as the timing of their
workshop participation and follow-up interviews, are summarized in Table 2. All students
were given pseudonyms to protect confidentiality.

Table 2. Summary of student grade level, prior coursetaking, and interview timing.

. Highest Level
Student Grade Attend Interview Takf!n Take'n Taken Sci Taken §omp Mathematics
Chemistry Physics Research Sci C
ompleted
Alli 10 2024 Fall 24 X X X X Algebra 1/Geometry
Alyssa 10 2023 Fall 23 X X Yes X Algebra 1/Geometry
Arlene * 12 2024 Fall 24/Sp 25 Yes Yes Yes X Calculus
Belle * 12 2024 Fall 24/Sp 25 Yes X X X Calculus
Algebra
Betty 12 2023 Fall 23 Yes X X Yes 2/Trig/Pre-Calc
Algebra
Cathy 12 2023 Fall 24 Yes X Yes X 2/Trig/Pre-Calc
" Algebra
Fran 11 2024 Fall 24/Sp 25 Yes X X Yes 2/Trig/Pre-Calc
- Algebra
Hilda 11 2023 Fall 23/Sp 25 Yes X X Yes 2/Trig,/ Pre-Calc
Jess 10 2023 Fall 23 X X X X Algebra 1/Geometry
Jill 12 2023 Fall 23 Yes Yes X X Calculus
Algebra
*
Judy 11 2023 Fall 23/Sp 25 Yes Yes X X 2/Trig,/Pre-Calc
. Algebra
Kylie 12 2023 Fall 23 Yes Yes Yes Yes 2/Trig/Pre-Calc
Rose 10 2023 Fall 23 X X X X Algebra 1/Geometry
Algebra
Summer 11 2023 Fall 23 Yes X X Yes 2/Trig,/Pre-Calc
Yazmin ** 10 2024 Sp 25 X X X X Algebra 1/Geometry

* Students who participated in the first and second rounds of interviews. ** Student who did not participate in the
first round of interviews, but did participate in the second round. Sp = Spring.

3. Findings

The interviews with the women participants revealed several insightful themes con-
tributing to QIST identity formation. The students first specified whether they identified as
a QIST person and provided reasons for this belief. The remaining themes are organized by
the factors in the proposed QIST identity conceptual framework (performance/competence,
interest, recognition, and sense of belonging). This is followed by a section describing
other factors that surfaced in students” discussions of their experiences in QIST outreach,
including normative comparisons, positional advantage, and career expectancy.

3.1. Identification as a QIST Person

During both rounds of interviews, students were asked whether they viewed them-
selves as a “QIST person,” thus providing insight into their level of QIST identity develop-
ment. Of the fifteen interviewees, three did not specify whether they identified as a QIST
person (Jess, Rose, Summer); six considered themselves a QIST person (Arlene, Belle, Fran,
Hilda, Jill, Judy) but with varying degrees of confidence. These students were generally
older and had all taken Chemistry and at least Algebra 2/Trigonometry. Six others ex-
pressed that they would not define themselves as a QIST person (Alli, Alyssa, Betty, Cathy,
Kylie, Yazmin)—half of these students were entering grade 10 and had less exposure to
advanced science and mathematics coursework. There was also one student (Belle) who
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described a decrease in QIST identity over time when she said, “When I did the program in
the summer, I think I did. But now, after taking AP Physics, I don’t think so.” She explained
that AP Physics is “one of the most challenging classes I've taken in my entire life” despite
her perceived success in the QIST Outreach Program. Conversely, Arlene and Jill provided
the strongest positive responses, with Arlene stating in her delayed post-interview:

Before I did the program, I would definitely say I had an interest in it. But after I
got—I'd say maybe after 15 min of sitting down and having [QIST instructor] with
a few of the professors speaking, I would definitely say that QIST is something
that I'm definitely interested in, and I've now become a QIST kid.

This differed from some positive responses because others provided more tentative
affirmations of being a QIST person, such as Fran stating, “I think I kinda do in some ways.
Because, like, science is, like, still in my life. So, I think—I'd say yes, yeah,” and Hilda
stating, “Yeah, I think so. I'm planning on majoring in electrical and computer engineering
and it’s, like, pretty related to QIST.”

In addition to this hesitance, some students took more time to identify as a QIST
person—Fran and Judy both changed their responses from negative to positive between the
first and second interviews. Immediately after participating in the QIST Outreach Program,
Judy stated, “At this moment, I don’t want to say fully. I want to say I'm beginning to,
but with my level of knowledge, I wouldn’t call myself a quantum person yet.” However,
during the second interview, which took place over a year later, Judy expressed more
confidence in QIST: “I would say fairly so. .. more than the average person. I've definitely
learned about the quantum information sciences. I've had that exposure and I got the
opportunity to kind of really learn about it during my most formative year in high school.”
This illustrates that the initial situational interest of participating in QIST outreach may
translate to sustained interest as students form emerging QIST identities. These data
illustrate the temporal nature of QIST identity development, which may change over time
as students become more proficient in QIST-adjacent disciplines.

3.2. Performance/Competence

Many interviewees shared positive responses about their understanding of QIST
and their ability to explain aspects of it to others, yet they expressed less confidence in
solving QIST-related problems. For example, Arlene felt confident in understanding QIST,
stating, “Once I understand some of, like, the big concepts, I can then focus on the smaller
concepts that make everything, kind of like a puzzle, fall into place. So, it kinda works
out for me.” She was able to explain QIST to her sister such that “she went from not
understanding quantum physics at all to understanding enough to where she knows about
the wave particle theorem.” However, despite these positive responses, when asked about
her confidence in solving QIST problems, she stated,

I would say I'm somewhat confident, only because. .. while I did that QIST
program, I only did, like, a few other searches on my own. But there haven’t been
any other programs that I've been involved in, unfortunately, that I was able to
further my education with a professor or with a research team.

This suggests that opportunities for sustained engagement in QIST may increase confi-
dence in QIST understanding. Since these opportunities are rare at the precollege level, identity
formation may be constrained until students participate in more QIST-related activities.

Other students cited a lack of continuing experience in QIST in the months following the
QIST Outreach Program as the main reason for this lack of confidence, with Fran sharing,
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It’s been, like, almost a year since I've taken the workshop... if it was, like,
decoding, I feel like I could do it, because I was really anxious in that topic. But
for the other topics, I don’t think I could actually solve them.

Even though these students had some concerns about their QIST problem-solving
abilities, they and several others expressed confidence that they could pursue a QIST-
related career in the future. Fran and Hilda agreed with another student’s sentiments that
their level of interest in QIST made it more approachable as a career, with Belle saying, “I
think I could, yes. . .because even though it’s hard, it is—it is interesting. Because, like, the
topics and the concepts, they’re real, but they are so abstract that they almost seem unreal.”
Arlene felt that she would need to work hard to reach this goal:

I do think that if I do wanna do anything in terms of, like, furthering my career
or education academically with quantum science or QIST, I do think I could do it.
It might take a little bit of extra grit, but I think I could do it.

Judy shared, “I just need a little more support and a little more help in solving those
really hard STEM problems,” and Yazmin pointed out that “I think if I just re-learn some
fundamentals of quantum science, I could be able to because I learned kind of quickly over
the summer camp.” These statements reflected the students’ confidence in believing they
could overcome learning obstacles and master QIST topics and skills, indicating emergent
QIST identities; however, their positive statements were often given with hesitancy, such as
comments about needing additional training. Overall, these women suggested some level
of comfort with the ambiguity of learning more advanced QIST topics.

Despite some apprehension at the beginning of the outreach program, all women
expressed at least some positive feelings related to performance and competence by the
end of the program. According to several students, reasons for this included pedagogical
strategies such as multiple representations and hands-on activities. Yazmin explained:

I like to see the visuals when I learn. So, it was really helpful, because a lot of
times, the teachers were just speaking and explaining the concepts. But then,
when they brought out the model, I was able to understand more.

However, even with these hands-on experiences, some students in the delayed post-
interviews expressed declining confidence over time since they did not have further experi-
ences in QIST, in part because their STEM classes in school did not address these topics.

3.3. Interest

After completing the QIST Outreach Program, many women expressed that they were
interested in QIST study and careers, but their reasons varied. Alli, Alyssa, Arlene, and
Rose all viewed QIST as an important emerging field that is growing. Alli explained:

A friend told me about it and it sounded kind of interesting. And I thought I
would learn about it because I thought it would be kind of important in the future
and probably used a lot in the future.

Arlene concurred with this sentiment by stating, “Quantum science is going to be our
future, so I think that having that would be super beneficial.” Rose also cited the future,
observing that “I can definitely see how that can help because quantum physics. . . it’s like
an introduction to our future where we can rely on technology to make predictions or even
solutions.” In addition to QIST being important in the future, Alyssa also felt that it would
be a possible career option:

I guess it’s something that in the future it seems to be very prominent, and it
seemed like a good choice to at least learn about it so I can see if I might want to
do it in the future as a career.
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Several other women were interested in QIST careers because of the real-world appli-
cations they learned about in the QIST Outreach Program. For example, Jill said, “I feel
like I like this type of real world stuff and actually applying math and science together, I
really like that part.” Judy also enjoyed learning about applications and was particularly
interested in how QIST could help people and improve the world:

When I heard that quantum physics could somehow apply to environmental
aspects, I was really excited about that. . .now I'm thinking because I used to want
to do something with engineering or civil engineering, structural types, build-
ings. But now I'm thinking maybe going into the quantum field and somehow
developing it to benefit our world, benefit our Earth better. That would be a really
great path and definitely interested me.

This aligns with research in QIST-adjacent fields of physics, computer science, and
engineering, which concluded that providing examples of societal benefits encourages
young women to build a stronger identity in respective disciplines (Burks et al., 2019; Cakir
et al., 2017).

Other students were surprised by the breadth of potential QIST applications, including
clean energy and chemical processes for producing fertilizers, which were presented as
anchoring phenomena during instruction. Alyssa reflected on clean energy and stated, “I
think that was really cool. It was, I remember reading it was the gas leaks were invisible
but somehow using quantum mechanics they could detect it with really good accuracy.”
Hilda expressed similar thoughts: “I didn’t really know that fertilizers were such a good
application for quantum, and I didn’t realize that there was so much you could do with it
and I thought it was really interesting.” Because these students found topics that interested
them and appealed to their aspirations to improve society and the human condition, their
desire to learn also increased.

Several students shifted their academic intentions because of their experiences. Belle
shared that learning about QIST led her to expand her career options:

Originally I always was like, oh, I'll do, I'll go the medical route and then maybe
I'll pick up a few political science classes. I'm interested in that. But now I
was like, okay, I really quantum mechanics and I like quantum, so I want to do
something with that, too.

Jill shared that she increased her interest in the QIST-adjacent field of physics: “I
would say that physics, I wasn't really sure if I wanted to continue that, but I'm definitely
sure now I want to.” Other students also talked about how the QIST Outreach Program
was a gateway that inspired continued QIST study; for example, Judy expressed: “I feel
like with the camp, everything I learned, just every new thing that I've learned, I got ten
other questions about this thing, about how much deeper it could be.”

3.4. Recognition

Throughout the QIST Outreach Program, there were opportunities for program fac-
ulty and staff to recognize student accomplishments, which boosted confidence for many.
Several participants expressed satisfaction after getting positive feedback on their group
presentations, with Belle stating that one of the instructors “said we were good at present-
ing” and Judy sharing a similar sense of recognition from experts in the room:

While presenting to the grad students. .. one, they acknowledged what I was
saying, and, two, they kind of provided their own input, too, which further
solidified what I already had in mind. And I felt like ‘Oh, wow, this can actually
work. What I'm saying is actually feasible.’
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This external validation, especially coming from those already working towards or
immersed in a career, has been shown to improve students” identity development in
QIST-adjacent fields (Nehmeh & Kelly, 2021).

In addition to receiving positive feedback, students also expressed feelings of recogni-
tion when they overcame a struggle because of the encouraging words of an instructor or
teaching assistant. Arlene explained:

They expressed how it was normal for you to not understand when you first
looked at it. Because I'm one of those students where, once I see it, I understand
it, and it kind of clicks in my mind. This was something that didn’t click right
away, and I thought something was wrong with me.

Then, after the above conversation with the instructor, Arlene shared:

I didn’t code it completely, and I thought I did—I thought half of it was missing.
But then, I showed it to [the instructor, who] actually expressed that I did do it
right, and that was the first time, ever, that a student actually did get it—who
wasn’t an undergraduate student—get it right the first try.

Recognition facilitated Arlene’s confidence in her QIST ability. This involved working
in safe spaces where challenge and sometimes failure were expected and successes were
celebrated, which encouraged her further. This was also the case for Fran, who stated, “I
asked a question when I had problems, even when I was, like, struggling, when I finally
got something, he’d go, ‘Oh, my God, yes! Good job!” and everything.” This praise was
very important to Fran: “I feel like his encouragement and his attitude about it, it kind of,
like, kept me more in, kind of built my confidence.”

Students also expressed feelings of recognition from other sources, including their
families and peers. Arlene shared how her family members “. . .were actually telling me
that, hey, that you actually can do this. And when you're given such an opportunity of
learning something such as quantum science, you're like, oh, just maybe I can do it,” thus
facilitating her confidence. Yazmin felt recognition when she helped others, establishing her
competence and sense of leadership. Rose also felt recognition when a teaching assistant,
or near peer, helped her accomplish a task:

A student helped me when we were doing the single and double slits because
they showed me how to do it and what was right. And it was just really helpful
to have somebody that I guess isn’t a professor to help me go through each step.

These experiences suggest that there were opportunities for peer recognition for both
those who helped others (who experienced positional authority) and those who were being
helped (who increased confidence through the support of experts).

3.5. Sense of Belonging

Students cited several reasons for their comfort with the learning environment of the
QIST Outreach Program, including interactions with the instructors, the teaching assistants,
and their peers; the level of gender neutrality in the cohort; and the teaching methods
employed. The instructors and teaching assistants were frequently described as enthusiastic
about QIST and easily approachable. Fran commented on their level of excitement and
how it increased her interest, stating, “they were very, like, passionate about it, and I think,
like, I'm, like, trying to keep going, to learn more about [QIST].” Yazmin expressed, “I think
they really enjoyed it, and this made me enjoy it more, too. . .he [quantum experimentalist]
was really excited to talk about his lab.” Belle expressed her admiration for the enthusiasm
of the instructors as they shared their expertise:

Most of the TAs [teaching assistants] are very interested in the topic, and although
they weren’t social, like, when you asked them a question, you could tell, like,
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this was something they were passionate about. Like, they would go in depth
and explain the concepts to you.

This level of enthusiasm and passion made the instructors more approachable. Judy
pointed out the benefit of having teaching assistants provide alternative explanations
of concepts:

So sometimes if you're too scared to ask a professor for help, asking a grad
student and their knowledge and skills really, they know how to explain it to a
level where you can understand it. So that was really helpful.

In addition to the instructors and teaching assistants, students’ peers in the program
contributed to a more positive learning environment. According to Arlene, her peers made
her feel welcome after she first felt apprehensive:

I was wary, but then, after we kind of started discussing the topic and we all kind
of realized that, like—hey, like, we’re not gonna make fun of each other, we're
not gonna judge each other, it was kind of that kind of no man’s land mindset.
We all kind of melded together as friends, and then, we all ended up working
together really well.

This newly formed sense of community facilitated students’ comfort with the QIST
content; for example, Yazmin stated, “I thought a lot of stuff was difficult, but I just
asked my—Ilike, the friends I made, and they really helped explain one-on-one.” Peer
collaboration was made possible by the physical layout of the classroom, which was
designed to encourage collaboration as students sat in groups of eight at round tables. This
was shared by Belle, as she stated, “because we all sit on, like, a circular table, it’s easier to
talk to people. So, that made me feel comfortable.” Rose took advantage of this circular
seating to meet new people, allowing her to experience a greater degree of socialization
within the QIST learning community:

It was a great way to socialize with other people from different schools. And
because a lot of the kids, they were older than I was, it was great for me to
experience other kids with more experience that also took physics. So that was
very interesting.

Many of the women also felt comfortable with their peers because the ratio of women
to men was higher than they had seen in other STEM learning environments. According
to Hilda,

I did notice that, like, compared to my classes in school, this workshop had,
like—like, a lot more girls. Like. .. compared to, compared to my classes in school.
Because in my current math class, there’s only, like, me and one other girl, and
that’s, like, all the girls.

This higher representation of women was also encouraging to Fran, who said,

I really liked learning, like, seeing other...women there, too, made me feel even
more like I'm not the only person, like, interested about this, and I could do it. And
then, being around that, it put me at ease, since it was a male-dominated subject.

In addition to being among other women peers, it was noted by two students that
having women as instructors and teaching assistants was positive. The women expressed
they learned a great deal from all the experts in the room while particularly appreciating the
presence of women instructors. This suggests the importance of female role models who
engage in some aspects of instruction. Summer expressed gratitude for the undergraduate
female teaching assistants who helped facilitate the lab activities.
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However, despite many students discussing the importance of female peers and
teaching assistants, Judy expressed that level of motivation was more important than
gender parity:

I don’t think I really gave a second thought to how gender was playing a role
in my learning experience. But I definitely would say that my experience at
QIST, being in an environment with equally as motivated people was much
more positive than my experience at the engineering summer camp, where about
half. . .the class was motivated.

Finally, many women identified teaching methods that made them feel more com-
fortable with QIST and facilitated a greater sense of QIST belonging. In particular, they
described the importance of scaffolding to aid in understanding of complex topics. Rose
discussed how logical conceptual progression was part of the structure of the lectures,
saying that “it was just kind of like, well here’s step one, step two and step three and this is
how it works. And that just gave you an outlook and just a view on what the lecture was
about.” Then if a student needed help with a topic, the instructors provided one-on-one
scaffolding, in which Arlene shared,

They were able to go step by step through certain things that I didn’t understand,
which I thought was very nice of them. And they would continuously ask me the
questions over and over again to make sure that I understood the topic and I was
able to build on that.

For the most part, these pedagogical techniques helped students understand complex
topics in QIST; however, when Jill still had trouble understanding the coding taught in the
QIST Outreach Program, she stated, “I felt I needed some more of a lower level first to get
to the higher level,” suggesting that further scaffolding would moderate this challenge.

3.6. Additional Factors

In addition to the four provisional factors of the QIST identity conceptual framework,
students also discussed aspects of normative comparison, positional advantage, and career
expectancy. These themes were elicited by applying elements of grounded theory (Strauss &
Corbin, 1997) in coding their responses. These constructs contribute to the newly generated
QIST identity framework, which expands upon previous works by considering domains that
may be more evident and influential in emerging, integrated scientific fields such as QIST.

3.6.1. Normative Comparison

Precollege students often ponder a series of comparisons when forming STEM-related
career aspirations (Gearns et al., 2024), which was evident when the students in the present
study were asked about their confidence in learning /understanding QIST and in solving QIST
problems. Some women discussed normative comparisons, here defined in two orientations—
first, women mentioned external performance comparisons to their peers, and second, they
shared internal comparisons related to their own abilities in other areas of STEM. Although
previous STEM identity frameworks included performance/competence more broadly, nor-
mative comparison specifies a reference frame for themselves and others. For example, Jess
compared her own experiences in STEM with other students when she stated:

I was talking to some kids that took physics and they were like, oh yeah, I know

it all. I took physics or chemistry, and I was like, oh, well I didn’t take any of

those courses, so this is my first time learning about any of this. It was definitely

harder for me.

Alyssa felt similarly, stating that those who had already taken physics would have
an advantage. This suggests that students often judge their own ability to succeed based
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on the academic capital they possess in the form of prior coursework. The QIST Outreach
Program experience also served as a way to increase student confidence in learning physics
after the workshop, as explained by Hilda:

Last year, I took physics, AP Physics 1 and 2, and then there was, like, a brief unit
about quantum. And I feel like I have, like, because I did this program, I kind of
have, like—like, a better understanding than some of the other kids in my class.

In addition to normative comparisons to others, some women also compared their
abilities in QIST to their own performance in other STEM subjects. For example, Alyssa
expressed more confidence in life sciences than in quantum:

I want to focus more on living science, biology, and such since I feel like that’s
my best part. It's why I really understand a lot and I like researching that on my
own too. . ..so I guess it’s because for biology I do research sometimes on my own,
especially a few years before, so I kind of understand more in depth of the topics.
While for quantum mechanics, I never really looked into it, so I didn’t really
fully understand it. I didn’t understand it until I went into a summer program
and since I wasn’t a hundred percent sure about some parts, I don't feel like I'm
confident in that area.

Alyssa’s comfort in biology exceeded her comfort level in quantum science, which
is often consequential in how students choose their post-secondary study and careers.
Notably, prior coursetaking in physics did not predict students” QIST knowledge outcomes
in this program (De La Cruz et al., 2026), which indicates students” perceptions may be
more important than measured competence in how they envision themselves in certain
fields. Based on the students’ comparative comments about themselves and others, there
was often a connection between their level of confidence and their normative comparisons.

3.6.2. Positional Advantage

Many women also discussed academic positional advantage, or advanced status in their
educational pursuits. Their exposure to QIST, along with direct discussion of academic
pathways by program instructors, helped them envision what courses they should take in
the future to optimize their preparedness for QIST-related careers. This construct extends
the notion of recognition in prior STEM identity frameworks by characterizing QIST
knowledge as academic capital rather than external validation. For example, several
women described plans to take advanced physics courses in high school. Summer had
already intended to take a physics course, but she explained that the QIST Outreach
Program prepared her for this when she stated:

I learned all these new notes and all these new concepts, so I think it’s definitely
gonna help me going forward, ‘cause I also plan on taking AP Physics C in my
senior year, so I think it definitely overlaps.

Others like Alyssa and Jess decided to add physics to their future course plans because
of their QIST Outreach Program experiences. Alyssa explained, “I still haven't figured out
exactly what I want to do for high school and college, so I might actually change a few
things, add physics and such,” while Jess shared, “I found it really interesting doing the
camp. So now after that I was like, oh, okay, well maybe I would actually really like taking
AP Physics.”

In addition to enrolling in physics in high school, some students also talked about
exploring more options for QIST learning. Cathy explored other informal education
workshops and explained, “I think IBM also has, like, another camp that’s, like, a virtual
camp. And it’s with high school students.” Betty, who also expressed no interest in studying
QIST further, described the importance of exposure to the topic in her statement:

https:/ /doi.org/10.3390/educscil6081222


https://doi.org/10.3390/educsci16081222

Educ. Sci. 2026, 16, 1222

18 of 27

Because even though, like, I personally will not be going into quantum physics,
it’s still a STEM course, so I think that if someone is interested in STEM, they
should take that course just because that could like, open up and see if there’s
other fields in STEM that like, they may be better at.

Hilda echoed this notion in her explanation of why she applied to the QIST Outreach
Program, stating,

Let’s say it was more because I didn’t know much about quantum concepts before
the camp, and I wanted to learn something new that I didn’t really know much
about. And I thought it would be a really good way to expose myself to this area
of physics.

Overall, the women felt that learning about QIST would put them at an advantage in
their future QIST-adjacent education endeavors and was something they had not seen in
their traditional classrooms. Many expressed a desire to expand their knowledge in QIST,
as Kylie explained:

I kind of just wanted to expand on the knowledge in that area. And I was also
looking for a more hands-on approach to the subject itself. And I also kind of just
wanted a different environment to learn something since I am going to be going
into college soon. I just wanted to get a feel of the way an actual college professor
would teach a class.

In addition to a preview of the college experience, Judy felt that it was possible that
some women might feel the experience was helpful for getting into a good college. She
explained, “I'm going to be really honest with you. I feel like the thing with girls is
that we're really trying to boost up our college resume. I see it in all my friends,” thus
supporting the idea that positional advantage is something that many consider when
deciding to pursue a QIST learning experience.

3.6.3. Career Expectancy

Another important part of the QIST learning experience was career expectancy, or one’s
beliefs about future experiences in a quantum profession, and whether this profession
is attainable and consistent with their values (Eccles & Wigfield, 2024). This extends the
notion of social belonging—a more immediate affective domain in prior STEM identity
frameworks—to a more forward-thinking positioning in a community of practice. For
example, Judy felt that it was important to meet students pursuing a degree in quantum,
so they might understand the expectancy of that career path: “I think talking to the grad
students and being able to talk to people who actually are working towards that field was
helpful in understanding what is required to really be able to break into that field.” Several
students also explained that visiting a QIST laboratory was a positive experience. It was
valuable for Rose because it provided both QIST career and general college expectancy:

When we had a tour, we went into a lab, those are parts of college experiences

that high schoolers would not have. It could really help you make a decision of

which field you wanted to go into when you reached college.

Cathy agreed with this notion and explained her reasons for enjoying the lab tour
when she stated:

Another, like, thing that I really loved about the camp was, like, it was a short

portion of it but it was like visiting the laboratory. I really liked that part because

it’s like you can actually see what college students and the grad students and the

professors are working on.
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For Cathy, the laboratory gave her a sense of what her life would be like if she worked in
a quantum experimental laboratory, which has been shown to influence career expectancy, as-
piration, and persistence (Nehmeh & Kelly, 2018, 2021). Kylie provided a different perspective,
as she felt it was important because it was something new and impressive:

I've never seen anything like that, and the fact that you guys can actually work
with atoms in the space and do stuff for them, that was a really cool part. ..and I
feel like that was really motivating because I didn’t even know some of that stuff
was possible.

Exposure to a working laboratory in an emerging field provided an experience that
was both novel and informative about a prospective career in quantum science. Career
expectancy may be an important aspect of QIST identity formation as women consider
what their lives will be like if they work in the field.

Students were asked about their thoughts on why the QIST Outreach Program had
more women than was typical in QIST-related fields, and why women might be less
likely to pursue QIST-related careers. This led to the identification of several factors that
these women believed negatively affected the number of women in certain areas of STEM,
and potentially QIST identity. Betty believed women might be discouraged “. . .because
of the way others perceive you if you go into the field.” Alli suggested, “A lot of the
time in schooling or in the workplace, a lot of women experience sexism and people are
discouraging women from going into STEM fields a lot.”

Others perceived that many STEM fields were male-dominated which discouraged
women from entering them. This lack of representation was also prevalent in STEM
extracurriculars, as Summer explained,

I'm going to try out for our school science Olympiads, and our school also does
have a robotics club, but this is a problem that I'm planning on overcoming,
but it’s all male-dominated, and the teacher is also a male. So, I haven't really
found an opportunity to connect with anyone who’s currently in it, or get an
opportunity to let myself in.

Judy also came to expect a gender disparity in certain fields: “Not many people choose
anything related to physics, especially girls, they don’t choose anything related to physics,
and I see a lot of more guys choose physics, chemistry, statistics.” Belle provided a possible
reason for the lack of women in these fields by stating,

It’s easier for a man to pursue these careers as opposed to a woman. .. woman’s
careers are shorter, but they kind of stop in the middle, have children, and so
maybe that’s why they’re not able to pursue these careers.

Because of some of these expectations, Cathy had concerns about participating in the
QIST Outreach Program. She said, “I was actually scared that there would be more guys
there than girls. I was like, ‘Hopefully there’s more girls there,”” but she was pleasantly
surprised by the nearly even representation of men and women. This communicated that
QIST participation is accessible regardless of gender identification.

When asked about why they thought this gender gap was missing from the QIST
Outreach Program, many responded with positive feedback about how women were now
more likely to overcome gender disparities. Kylie felt that sustained efforts targeted toward
encouraging women to enter STEM fields were increasing confidence and agency, stating:

I think we're starting to see a shift like that with the different percentages where
our generation specifically, we’ve been advertised to be more drawn to STEM
fields because there’s such a large difference. And I think it’s really getting
to us now because we’re like, oh, we just can’t let this happen. So now, girls,
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because we’re being more encouraged to go into STEM fields, I think all that
advertisement is actually doing something.

Summer talked about her own determination when she said,

Even though I personally know we’re underrepresented, I think that shouldn’t
hinder me to explore more and put myself out there. .. even though I'm a woman,
I can still—I'm more than capable to be on par or even above my male peers.

Arlene felt that this increase in women was due to the growth in opportunities to learn
more about a field, stating, “when they actually pique their interest and start learning, they
understand what they’re doing, it gives them the opportunity of thinking, oh wait, maybe
I can do this because that’s something I went through.” This suggests it is important to
introduce women to QIST careers and encourage their feelings of adequacy and success.
Several of the women commented on their own underrepresentation in QIST-related fields;
however, they generally felt that the QIST intervention communicated accessibility and
belonging through a welcoming, student-centered learning environment.

4. Discussion

The student interviews demonstrated that four factors (performance/competence,
interest, recognition, and sense of belonging) identified in prior research on identity forma-
tion in the QIST-adjacent fields of physics, computer science, mathematics, and engineering
also applied to their QIST identity formation. Many of the women expressed confidence
in their ability to understand QIST content and solve QIST-related problems, suggesting
positive self-assessment of their performance/competence (Godwin & Lee, 2017). Women
also described their interest in QIST topics and their future relevance in improving society
(Patrick et al., 2018; Taheri et al., 2018), with some sharing their reasons for participating
in QIST outreach and others focusing on their desire to learn more; all expressed their
interest with positive feelings (Kalender et al., 2019). Many women agreed with the notion
proposed by Cakir et al. (2017) that providing scaffolding for complex topics improved their
QIST self-efficacy. Several women described positive feelings when their QIST potential
was recognized by peers and teachers (Cass et al., 2011; Godwin et al., 2013). The women’s
responses also supported the addition of a sense of belonging as an important factor in the
framework (Peters & Pears, 2013; Rhode et al., 2019), as most discussed feeling welcome
in the QIST learning environment, with value placed on the importance of learning about
QIST applications for improving global conditions (Cakir et al., 2017; Chen et al., 2020).
These four factors (performance/competence, interest, recognition, and sense of belonging)
contributed to precollege women’s emerging QIST identities.

The newly generated conceptual framework for QIST identity maintains the initially
proposed flow of performance/competence to recognition and interest (Carlone & Johnson,
2007; Hazari et al., 2010; Kalender et al., 2019), to a sense of belonging (Anderson et al.,
2015; Peters & Pears, 2013; Rhode et al., 2019; Taheri et al., 2018), and then to QIST identity;
however, the framework also includes normative comparison, career expectancy, and posi-
tional advantage. As shown in Figure 3, students expressed how performance/competence
led to recognition, a sense of belonging, and often interest, although the last relationship
may be bidirectional. It was important for them to feel as though they could learn QIST
concepts and skills in order to form a sense of QIST identity. Recognition made them feel
as part of the QIST community of learners as they worked alongside QIST experts. QIST
interest also facilitated a shared sense of belonging among peers, which further facilitated
QIST identity.
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Figure 3. Revised QIST identity framework.

The three additional factors (normative comparison, positional advantage, and ca-
reer expectancy) may be particularly relevant for women’s identity formation in largely
unfamiliar and integrated fields such as QIST, where they have limited exposure and oppor-
tunities for active engagement. Normative comparison refers to the tendency to compare
one’s own abilities to the ability level of others within the same social circle (Bandura,
1997), or in the case of this study, within the same QIST outreach program. Normative
comparison also includes internal judgments of their own abilities in QIST compared to
other disciplines. Normative comparisons with others often influenced their feelings of
performance/competence, at least when they first began the QIST Outreach Program or
were learning a new topic. Normative comparison had bidirectional relationships with
performance/competence and recognition, and this construct also facilitated sense of be-
longing. For some women, their self-efficacy was initially lower because others had a
stronger background; however, their level of performance/competence and feelings of
recognition increased when they succeeded. Several received help from their peers, thus
improving their QIST self-efficacy and sense of agency, and they felt recognized when those
peers praised their work.

Students’ confidence in their performance/competence, as well as their access to QIST
learning and QIST-adjacent coursework, led to discussions of positional advantage, in
which the students felt a sense of privilege, distinction, and recognition in participating in
QIST programming. Positional advantage may lead to an increase in a student’s motivation
to pursue additional learning opportunities about a particular topic to further accessibility
to related careers (Basu & Barton, 2005). Many students discussed their plans to take more
courses in physics, and some expressed interest in pursuing QIST as a career option. This
aligned with the connections between student science knowledge and their continuing
interest in science evidenced in Basu and Barton (2005). Several also expressed that the QIST
Outreach Program provided them with unique knowledge outside of their own school
curricula, thus preparing them for a future QIST-related career. This specialized knowledge
is important as students formulate academic plans that are consistent with their career
intentions (Gearns et al., 2024). Positional advantage also contributed to sense of belonging
in QIST.

Finally, students identified experiences that affected their QIST career expectancy, such
as visiting a quantum laboratory, working with a diverse group of instructors, engaging
in discourse with QIST professionals, and interacting with near-peer undergraduate and
graduate students. Career expectancy has been defined as the effect that authentic experi-
ences in a particular field, such as meeting individuals in the process of pursuing a QIST
degree, may have on the career intentions of a student (Masson et al., 2016; Smit et al.,
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2020). Students also appreciated seeing how much the QIST experts and graduate students
enjoyed what they were doing, which was described by Anderson et al. (2015) as important
for fostering a greater sense of belonging and interest. The students expressed positive
views of women entering QIST and QIST-adjacent fields, which influenced their interest
and sense of belonging. Many discussed that they observed gender parity and positivity in
the learning environment, so they felt more confident in their ability to pursue what may be
perceived as a male-dominated career, consistent with research suggesting the importance
of these constructs (Rhode et al., 2019; Wong, 2016). It was also important that students
observed positive role models, which data from the present study indicated could be men
or women, although the presence of women was noticed and valued. This allowed them to
envision themselves in QIST careers in the future.

4.1. Implications for Policy and Practice

Based on women’s feedback about their QIST experiences and the explanatory QIST
identity framework, it is important to consider several factors when designing QIST educa-
tional experiences for high school students. QIST informal and formal programs should
be characterized by: (1) a positive learning environment (Leslie et al., 2015; Wong, 2016);
(2) content that is scaffolded with increasing conceptual complexity (Cakir et al., 2017);
(3) experiences with QIST experts and students in peripheral communities of practice
to boost career expectancy and interest (Anderson et al., 2015; Nehmeh & Kelly, 2021);
(4) information about what courses would be helpful in pursuing a QIST career to provide
positional advantage (Basu & Barton, 2005; Gearns et al., 2024), and (5) activities relating to
the benefit of QIST to society (Chen et al., 2020). It is also important to include experiences
that will encourage students to share knowledge and support each other through effective
group collaboration (i.e., discourage negative normative comparisons); pursue advanced
STEM coursework and additional QIST learning opportunities to expand their knowledge
and skills (i.e., encourage positional advantage); and introduce QIST researchers and recent
advancements in their fields (i.e., provide career expectancy in quantum sensing, quantum
communication, quantum computing, etc.). These additions to QIST programs could lead to
further increases in performance/competence, recognition, interest, and sense of belonging
for students as they develop their QIST skills, therefore promoting QIST identity and career
aspiration formation.

These programmatic characteristics should be contextualized and aligned with recent
initiatives promoting QIST education and workforce development early in the STEM
pipeline, such as the United Nations recently designating 2025 as the International Year of
Quantum Science and Technology (International Year of Quantum Science and Technology
Partners, 2024). Federal reports have focused on making QIST careers more accessible with
multiple entry points in the academic continuum, starting with K-12 education (NSTC,
2018, 2024). At the high school level, exposure could begin with outreach programs, teacher
professional learning, the incorporation of core QIST concepts in existing courses, and
the formation of new quantum courses that are responsive to the rapidly evolving nature
of the field (Kelly et al., 2025a; National Q-12 Education Partnership, 2023). Core design
principles of these educational efforts should reflect the need for welcoming learning
environments, exposure to role models, consideration of cognitive load, socially relevant
anchoring phenomena, and explicit communication of QIST academic pathways and careers
(Anderson et al., 2015; Cakur et al., 2017; QED-C, 2025a; Rhode et al., 2019; Wong, 2016).

4.2. Study Limitations

This study had a small sample size of students who self-selected into the quantum
outreach program and therefore may not be representative of the general population of high
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school women in the United States. There were 15 interviews from 131 total participants in
the QIST Outreach Program in 2023-2025. In the initial round of interviews, the students
already knew the interviewer, who was the physics education expert who taught the
workshop with quantum physicists. Although there may be confirmation bias in the student
responses, it may also have provided a level of comfort to students when responding to
the interview questions. Effort was also made to minimize socially desirable responses
because of the existing relationship between the interviewer and interviewees by clearly
stating at the beginning of each interview that the responses would remain confidential
and would only be used to report program outcomes, thus having no effect on future
opportunities. The two researchers who conducted the interviews and analyzed the data
acknowledge their potential biases as Caucasian women physics education researchers and
physics educators. During the coding process they had extended discussions to mitigate
their prior conceptions and beliefs that arose from their experiences as underrepresented
participants in their respective fields.

5. Conclusions

The emerging QIST identity framework was based on the QIST-adjacent identity devel-
opment literature in the fields of physics, mathematics, computer science, and engineering,
which initially included four factors (performance/competence, interest, recognition, and
sense of belonging) and subsequently required modification to include women’s normative
comparisons, positional advantage, and career expectancy. This novel, innovative frame-
work is timely and necessary given the rapid expansion of quantum technologies and the
need for a diverse, well-prepared QIST workforce (NSTC, 2018, 2024; QED-C, 2025a, 2025b).
The QIST Outreach Program provided a positive learning experience that engaged students
in QIST content, skills, and practices, while introducing them to career options that most
had not previously considered. Future formal and informal QIST educational programs
may provide similar learning environments and pedagogical strategies to inspire precollege
students to pursue QIST careers. Furthermore, the QIST identity framework might be
deductively tested to measure student outcomes in future QIST educational interventions.
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