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Career preparation for participation in the quantum industry is often framed in terms of for-
mal educational pipelines, workforce projections, and knowledge and skills needed for various roles.
Less is known about how quantum industry professionals themselves characterize their preparation
for participation in the field. In this paper, we analyze interviews with quantum industry profes-
sionals working across a range of positions and company types to examine the experiences that
enable entry into the quantum industry. Using thematic analysis, we identify four trajectories: (1)
continuity of research practice from academia to industry, (2) reframing of prior expertise for quan-
tum applications, (3) incremental engagement through various professional opportunities, and (4)
network-enabled entry. These trajectories often co-occur within individual narratives, showing that
preparation emerges from a combination of educational, professional, and relational experiences.
Our findings demonstrate that supporting preparation for quantum industry careers requires more
than the design of formal coursework and degree programs. Our results highlight the importance
of experiential learning opportunities that allow students to apply their knowledge and skills and
develop professional connections that facilitate entry into quantum careers.

I. INTRODUCTION

Quantum Information Science and Engineering (QISE)
has rapidly developed into an interdisciplinary field with
cutting-edge research and development being conducted
in universities, national laboratories, startups, and large
technology companies. As advances in quantum comput-
ing, sensing, networking, and communication continue,
there has been growing attention to the development
of a future quantum workforce [1–5]. In particular, re-
searchers have begun to examine how educational pro-
grams can support students’ preparation for quantum
careers [6–13].

Current research on quantum career preparation has
largely emphasized the development of educational
pipelines into QISE [6, 9, 12–16], the identification of
knowledge, skills, and abilities (KSAs) needed for ex-
isting quantum-related jobs [17–19], and how education
systems might align with anticipated growth in the field
[8, 20–22]. One of the main goals of this research is to
characterize what knowledge and skills are valued for po-
sitions in the quantum industry in order to guide course
and program development.

Much of this research frames preparation for participa-
tion in the quantum industry in terms of formal training
and credential attainment. Within this framing, entry
into the quantum industry is often simplified as a pro-
cess in which acquiring disciplinary knowledge and skills
directly leads to workforce readiness. While this per-
spective is useful for guiding course and program devel-
opment, it does not fully capture how individuals actu-
ally become able to participate in the quantum indus-
try. In fact, the broader STEM education literature has
shown that linear pipeline models oversimplify how in-
dividuals move into and across scientific and technical
fields by giving insufficient attention to the role of so-

cial and cultural capital that lead to the nonlinear path-
ways through which individuals enter STEM careers [23].
This limitation is particularly salient in emerging and in-
terdisciplinary fields such as QISE, where roles, expecta-
tions, and career pathways into the field are still evolving
alongside the field itself [24]. Thus, focusing primarily on
knowledge and skills for course and program development
may miss the broader range of experiences that individu-
als navigate, combine, and interpret in order to enter the
field.

Drawing on a situated learning perspective [25] can
offer a useful way to rethink this limitation by conceptu-
alizing learning as increasing participation in the socially
organized practices of a community rather than solely the
acquisition of knowledge and skills. Becoming prepared
for a field involves more than completing coursework or
earning a degree. It also includes gaining access to au-
thentic activities, developing familiarity with how work is
done in the field, and being recognized by others as able
to contribute meaningfully [26–28]. Prior research has
shown that learning unfolds through engagement across
multiple contexts and over time, and is shaped through
the accumulation and interpretation of these various ex-
periences [26, 27].

This perspective suggests that preparation for par-
ticipation in QISE should be understood as more than
simply acquiring knowledge and skills, but as a pro-
cess through which individuals assemble and interpret
a range of experiences that position them to enter the
field. Hence, examining how quantum industry profes-
sionals themselves describe their trajectories into QISE
can provide insight into the experiences and forms of
engagement that enable entry into this rapidly evolving
field. Such insight can inform physics educators who are
designing and developing curricula, experiential learning
opportunities, and professional development structures
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that support students’ preparation for quantum careers.
Therefore, in this study, we shift the focus from iden-

tifying required knowledge and skills to examining how
individuals are enabled to enter QISE careers and con-
tribute to QISE broadly. Specifically, we address the fol-
lowing research question: How do quantum industry
professionals describe their trajectories into the
quantum industry?

Note on terminology: In this paper, we use QISE to re-
fer to the broader interdisciplinary area of quantum infor-
mation science and engineering, which spans research and
development in academia and industry. We use quantum
industry more specifically to describe employment con-
texts in which quantum technologies are developed and
applied, including startups and larger established compa-
nies [29]. We also use terms such as field and community
to refer broadly to the interconnected professional spaces,
networks, and activities through which individuals gain
exposure and engage with quantum-related work, develop
relevant experience, and access opportunities. We do not
treat these terms as referring to a single bounded commu-
nity. Instead, consistent with our focus on trajectories,
participation in QISE is understood as occurring across
multiple overlapping contexts that individuals navigate
as they become positioned to enter the quantum indus-
try. Lastly, by trajectories, we refer to the experiences
and factors that shape the pathways by which quantum
industry professionals enter the quantum industry.

II. BACKGROUND

A. Quantum education and workforce development

Research on quantum education and workforce devel-
opment has primarily focused on the design of QISE
courses and programs and the identification of knowl-
edge, skills, and abilities (KSAs) relevant for quantum
industry roles to best prepare students for careers in this
field.

A substantial body of work examines how educational
systems can support entry into quantum careers. Re-
searchers have examined how higher education provides
routes into the quantum industry through degrees in
physics, engineering, and computer science [15, 30, 31].
Other research has focused on the design of specific
courses that provide quantum knowledge and skills to
prepare students to enter the workforce directly after
their undergraduate studies [13, 31, 32]. These studies
often frame preparation as progression through sequences
of courses that build foundational and specialized knowl-
edge aligned with the needs of the quantum industry.

In parallel, several studies have sought to identify the
specific knowledge, skills, and abilities (KSAs) relevant
to quantum industry roles. Results from this research
strand characterize the combination of technical exper-
tise and professional skills valued across quantum-related
roles [6, 17]. In particular, researchers have explored

how quantum-specific knowledge and experimental skills
could inform course and program design [8, 18, 19]. Addi-
tionally, researchers have investigated the scale of partic-
ipation required to support the growth of quantum tech-
nologies. For instance, some studies have underscored
how investment across all educational levels, spanning
K-12 and higher education, is needed to align with an-
ticipated growth of QISE [8, 9, 20, 21, 33–36].
Across this body of work, preparation is frequently

conceptualized in terms of formal training and credential
attainment, including degrees, specialized coursework,
and skill development aligned with identified industry-
valued KSAs. While this research is useful for under-
standing how preparation may be structured, it provides
limited insight into how individuals navigate their ca-
reer pathways into the quantum industry in practice. In
particular, prior research may under report the roles of
experiential learning, professional development, and pro-
fessional networks that also shape entry into the field.

B. Research on career preparation

Research on STEM career preparedness offers a
broader perspective on how individuals become ready to
enter professional roles, emphasizing that preparation ex-
tends beyond formal coursework or degree completion.
The literature in this space highlights the importance of
experiential and social processes that unfold across mul-
tiple contexts.
Studies of doctoral and early career scientists show

that professional development experiences play a critical
role in shaping career trajectories. For example, Gana-
pati et al. identify internships, research collaborations,
and exposure to various career pathways as key compo-
nents of career readiness [37]. Similarly, Edwards et al.
demonstrate that career pathways are often nonlinear,
involving transitions across sectors, roles, and areas of
expertise rather than following a single trajectory [38].
Within physics education research (PER), similar pat-

terns have been investigated, with studies emphasizing
that preparation is mediated through engagement in ac-
tivities and communities that extend beyond formal in-
struction. For example, participation in informal physics
programs has been shown to increase the interest and rel-
evance of physics and science as potential career paths for
individuals engaged in them [39–42]. These experiences
outside of formal instruction provide opportunities for
students to encounter authentic practices that are part
of professional physics practice.
Moreover, research on undergraduate and early re-

search experiences further illustrates how preparation is
shaped through participation in authentic professional
activities. For example, undergraduate research experi-
ences have been shown to influence students’ career deci-
sions and orientation toward a particular subfield, while
also fostering relationships and communities that support
further opportunities [43–45]. Additionally, course-based
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undergraduate research experiences have been shown
to positively shape students’ trajectories into physics
[46, 47]. Across these different types of research expe-
riences, preparation for the next career step has been
shown to occur through engagement in activities that ap-
proximate professional practice and through interactions
with members of the field.

Research on career preparation conceptualizes work-
force development as experiential, socially mediated, and
unfolding across contexts and over time. However, while
this literature establishes the importance of these pro-
cesses, it does not show how such experiences collectively
enable entry into an evolving field such as QISE. In par-
ticular, it remains an open question how individuals in-
terpret and assemble these experiences in ways that en-
able access to opportunities within the quantum industry.

C. Situated learning perspective

To better understand how various experiences across
formal education, professional development opportuni-
ties, and networks collectively enable entry into the field,
we draw on a situated learning perspective, which pro-
vides a broader lens for understanding preparation as a
process of gaining access to participation in a professional
community [25]. This perspective aligns with Sfard’s dis-
tinction between learning as the acquisition of knowl-
edge and skills and learning as participation in a com-
munity, arguing that both offer complementary insights
into learning, while emphasizing participation as partic-
ularly useful for understanding how individuals prepare
to enter professional communities [48].

A situated learning perspective provides a way to un-
derstand preparation not simply as the acquisition of
knowledge or skills, but as a trajectory of increasing par-
ticipation in socially organized practice [25, 26]. Learning
is understood as becoming able to engage in the practices
of a community through participation in different expe-
riences over time. Preparation therefore involves gaining
access to authentic activities, developing familiarity with
how work is carried out in a field, and being recognized
by others as a legitimate contributor within that field.
From this view, entry into a professional field is medi-
ated not solely by what individuals know, but by how
combinations of experiences enable them to engage in,
and be recognized within, relevant contexts.

This perspective is particularly relevant for QISE,
where pathways are not standardized and participation
often involves navigating an interdisciplinary context
across academia and industry. Rather than assuming a
linear progression from education to employment, a sit-
uated learning lens allows us to examine how individuals
build and interpret experiences such as engagement with
research and professional connections that enable entry
into the quantum industry.

Although past PER studies using a situated learning
lens have primarily focused on contexts such as upper-

division physics laboratory courses and informal physics
programs [49, 50], they similarly emphasize the key role
of participation in authentic shared practices and the im-
portance of recognition in shaping access to opportuni-
ties. Extending this perspective to the context of QISE
education research enables us to analyze how individuals
become positioned for participation in an emerging field.
Thus, trajectories into the quantum industry can be

understood as pathways through which individuals gain
access to relevant practices, reinterpret prior experiences
as legitimate forms of participation, and are recognized
by others as able to contribute to the professional com-
munity. This framing guides our analysis of how quan-
tum industry professionals characterize the experiences
that enabled entry into QISE careers.

III. METHODS

A. Data collection

This study draws on a large corpus of research inter-
views with professionals at quantum industry positions
based in the United States. In brief, interview partic-
ipants were recruited using a combination of purpose-
ful and convenience sampling [51], including outreach
through the research team’s professional networks, and
snowball sampling [52] within companies (see [19] for ad-
ditional methodological details on recruitment).
The full dataset consists of 75 interviews conducted

between December 2024 and July 2026 with employees
(N=36) and managers (N=39) across 33 different quan-
tum companies, representing a range of company types
and activities. Interviews were conducted over Zoom,
lasted approximately one hour, and followed one of two
interview protocols. One interview protocol was designed
for managers to elicit organization-level perspectives on
roles and required knowledge, skills, and abilities (KSAs),
whereas the other interview protocol was for employees
to capture task-level experiences and individual career
trajectories. Full interview protocols can be found in
[19].
The analysis presented in this paper focuses specifi-

cally on the subset of employee interviews (N=36) who
represent 21 distinct companies, as these interview par-
ticipants were directly asked about their educational and
career pathways. In particular, we analyze responses
to questions related to educational background and ca-
reer preparation in the employee interviews, including (i)
their academic training (degree and disciplinary back-
grounds), (ii) prior work experience expected for en-
try into their current roles, (iii) professional develop-
ment experiences during their academic training (e.g., in-
ternships, research projects, workshops, and conferences)
that they perceive as relevant to their current work, and
(iv) coursework or content knowledge that they identify
as most applicable to their current positions.
To contextualize the subset of employee interviews an-
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FIG. 1. Distribution of the 36 employee interviews across
company type and size. Companies are categorized by activ-
ity type following definitions in prior literature [20]. Com-
pany size corresponds to the interviewee-reported range of
employees working in quantum-related technologies at their
company. The numbers in each cell indicate the number of
interviews associated with a given company type (rows) and
size category (columns). The dataset includes multiple inter-
view participants from the same company, and because com-
panies may be classified into multiple activity types, a single
interview may contribute to more than one company type.
Row-wise partial sums show the total number of interviews
associated with each company type across all sizes.

alyzed in this study, Figure 1 summarizes the interview
participants’ company types and sizes, while the left-
hand side of Figure 2 summarizes their roles and edu-
cational backgrounds. The sample includes individuals
in a range of positions spanning all position types (hard-
ware, software, bridging, and public-facing and business
roles, following the categorization in Ref. [53, 54]), and
reflects various educational levels and disciplinary back-
grounds, including physics, math, engineering, computer
science, and other related disciplines, reflecting the inter-
disciplinary nature of QISE.

B. Data analysis

We conducted a thematic analysis [55] to character-
ize how interview participants described their prepara-
tion to engage in the quantum industry. Our analysis
focused on how interviewees constructed and made sense
of their preparation for entering and contributing to the
field. Rather than treating preparation as a fixed se-
quence of educational steps, we examined how partici-
pants connected and interpreted their experiences as en-
abling participation in their current roles.

The unit of analysis consisted of excerpts within in-
terviews in which participants described aspects of their
preparation, including educational experiences, research
involvement, professional development activities, and
transitions into industry roles. Initial coding involved

identifying segments within these excerpts in which par-
ticipants described experiences they framed as enabling
their entry into the quantum industry. These segments
were compared across interviews to identify similarities
and differences in how preparation was framed. Through
an iterative process, we examined how participants con-
nected multiple experiences over time, focusing on how
these experiences were assembled and interpreted as en-
abling entry into QISE careers. Recurring patterns across
participants were grouped into themes that captured dis-
tinct ways of narrating preparation.

We used the term trajectories to refer to these themes.
These trajectories referred to recurring ways through
which interview participants described gaining access to
relevant practices, reframing prior experiences as legiti-
mate participation, and becoming recognized as able to
contribute to the quantum industry. These trajectories
did not represent fixed or linear career pathways, but
rather characterizations of how individuals constructed
and interpreted their readiness for participation. More-
over, these trajectories were not mutually exclusive, i.e.,
individual interview participants often drew on multi-
ple trajectories within a single narrative. These simul-
taneous or sequential occurrences reflected how multiple
forms of participation across contexts collectively con-
tributed to enabling entry into the field.

Coding was conducted collaboratively between the first
and second authors of this paper. SE conducted ini-
tial coding across all employee interviews to identify ex-
cerpts in which participants described experiences that
enabled entry into the quantum industry. Preliminary
codes captured both the type of experience described
(e.g., research and internship) and the function of that
experience within the interviewee’s narrative (e.g., en-
abling application of knowledge and providing access to
a quantum-specific network). These preliminary codes
were then grouped into broader trajectory categories,
which were refined iteratively.

To establish inter-rater reliability (IRR), AP indepen-
dently applied the trajectory definitions to all interviews.
Agreement was evaluated at the level of trajectory identi-
fication within each interview (i.e., whether a given tra-
jectory was present or not within a participant’s nar-
rative). The IRR process was conducted across three
rounds, each on a distinct subset of interviews includ-
ing approximately one third of the interviews each time,
such that all 36 employee interviews were independently
coded by both researchers by the end of the process. Pre-
discussion agreement improved from 60% in round one,
to 67% in round two, and 82% in round three. For each
round, discrepancies were resolved through discussion,
resulting in full consensus on the trajectories present in
each interview.

These discussions about discrepancies between coders
involved revisiting the full interview context to en-
sure that trajectory categorization reflected participants’
broader narratives rather than isolated excerpts and clar-
ifying trajectory definitions. For example, we refined
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Trajectory 1 (T1) to include research experiences relevant
to participants’ current industry position, even when
those experiences were not explicitly related to QISE.
Also, Trajectory 2 (T2) was refined to explicitly capture
prior work experience outside of quantum-specific roles.
This process resulted in the final articulation of the four
trajectories summarized in Table I.

C. Limitations

A couple of limitations are important to note for the
interpretation of our results. First, although our dataset
is large, the number of interviewees limits the general-
ization of our findings. The identified trajectories should
be interpreted as illustrative rather than exhaustive of all
possible career pathways into the quantum industry. Sec-
ond, the interview protocols were originally designed to
elicit knowledge and skills relevant to ongoing quantum
industry work. As a result, some aspects of past career
development may not have been explored in depth. Par-
ticipants’ discussions of preparation therefore reflect the
experiences they chose to highlight within the limited set
of questions that elicited reflections on career pathways.

IV. RESULTS

Across interviews, participants narrated their entry
into the quantum industry by connecting prior experi-
ences to their ability to contribute to current roles. We
conceptualized these patterns as trajectories of participa-
tion, which are summarized in Table I. These trajectories
captured distinct, yet simultaneous and/or sequential,
ways in which participants constructed their preparation
by linking past experiences to their ability to contribute
within the quantum industry.

Before we provide an overview of the trajectories and
illustrative cases, it is important to note that all inter-
view participants described their educational background
in terms of formal degrees and disciplinary training as
indicated on the left-hand side of Figure 2, most com-
monly in physics, math, engineering, or computer sci-
ence. This disciplinary training established the techni-
cal foundation from which interviewees described their
preparation. However, participants did not frame degree
attainment or coursework alone as the only preparation
needed for entry into the quantum industry. In partic-
ular, interviewees discussed preparation through combi-
nations of experiences that enabled them to apply that
knowledge, engage in relevant practices, and access op-
portunities through which their participation in the field
became possible.

A. Overview of trajectories

1. Trajectory 1: Academic research training to industry
alignment

In trajectory one (T1), preparation is framed as conti-
nuity of practice between academic research and industry
work. Interview participants describe their prior research
experience, most often at the doctoral level, as already
constituting the type of work performed in their current
roles, such that entry into industry is framed as a shift in
context from an academic to a commercial setting rather
than a change in practice.
Of the 36 interviewees, 25 described alignment between

their academic research and their current industry posi-
tion. Variation within this trajectory reflected different
levels of alignment. For some participants, alignment
occurred at the level of specific technological systems,
where their PhD research involved designing or operat-
ing the same types of quantum hardware used in their
companies (e.g., conducting PhD research on trapped-ion
quantum computing and continuing to do research on the
same hardware in industry). Others described alignment
at the level of technical subfield, where experimental
research experience provided familiarity with practices,
tools, and problem-solving approaches that were recog-
nizable in quantum-related industry work (e.g. their doc-
toral research in the subfield of atomic, molecular, and
optical physics was used in their current industry role).
In this trajectory, interview participants emphasized that
their research training, whether explicitly in QISE or not,
equipped them not only with domain knowledge, but
with sustained participation in the practices and tools
central to their current roles.
This trajectory highlighted that preparation was not

solely about acquiring relevant knowledge, skills, and
abilities (KSAs), but about participating in forms of
work that are already recognizable as industry-relevant.
Hence, academic research experience can function as a
site where individuals engage in authentic practices that
translate directly to quantum industry work. This tra-
jectory was distinct from subsequent ones we found in
that positioning for participation was enabled through
continuity of practice, rather than through transferring
expertise from prior work experience, gradual entry into
the field, or access mediated by professional networks.

2. Trajectory 2: Reframed technical background

In trajectory two (T2), preparation was characterized
by the reframing of expertise developed through prior
technical work experience. Interview participants de-
scribed becoming positioned to participate in the quan-
tum industry by demonstrating how prior knowledge and
skills developed in other professional contexts can be
translated and reinterpreted into quantum-related work.
Unlike T1, where participants discussed continuity be-
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TABLE I. Summary of the trajectories describing preparation for participation in the quantum industry

Trajectory Brief description
T1: Academic research aligned with industry needs Continuity of research practice between academic research and industry

work
T2: Reframed technical background Reframing expertise from prior technical work for quantum applications
T3: Incremental engagement Gradually increased participation in quantum-related activities

(e.g., summer schools, workshops, conferences, internships)
T4: Network-enabled entry Entry facilitated by existing members of the quantum industry

tween academic research practices and industry work,
readiness in T2 was established through the reinterpre-
tation of prior technical expertise as relevant to quantum
applications.

Of the 36 interviewees, 17 described entering the quan-
tum industry through transferable expertise from previ-
ous work experience. Variation within this trajectory
reflected differences in how participants connected prior
experiences to quantum technologies. For some, this
transition involved having worked in closely related do-
mains such as software engineering, where existing knowl-
edge could be applied to the development of quantum
technologies. For others, preparation was framed more
broadly in terms of transferable analytical skills, such as
computational modeling or mathematical reasoning, that
could be applied to new contexts such as QISE. Although
participants sometimes referenced coursework in math,
physics, computer science, and engineering as a founda-
tion, the defining feature of T2 was the translation of
expertise developed through prior work experience into
quantum-related contexts.

This trajectory foregrounded preparation as a process
of reframing and translating existing technical expertise
to a new context. This trajectory differed from T1 in
that prior experiences do not involve direct continuity
with quantum-related research practices, but instead re-
flect the transfer and reinterpretation of expertise from
other technical domains. It also differed from subsequent
trajectories, as it does not emerge through progressive
engagement with quantum-specific activities and/or pro-
fessional networks.

3. Trajectory 3: Incremental engagement

In trajectory three (T3), preparation emerged as a
process of increasing participation in quantum-related
activities over time. Entry into the quantum industry
was described as a sequence of engagements that gradu-
ally increased participants’ familiarity with the field and
its practices. Through these engagements, individuals
gained increasing access to participate by moving from
peripheral exposure toward more central members of the
field.

Of the 36 interviewees, 15 described incremental en-
gagement as part of their preparation, although no par-
ticipant described this trajectory in isolation. Intervie-

wees emphasized how different forms of engagement con-
tributed to their preparation. Some describe structured
programs such as summer schools, internships, or work-
shops that provided exposure to ongoing work in the
quantum community. Others described more informal
participation, such as attending QISE talks at confer-
ences or engaging in quantum-related extracurricular ac-
tivities, which helped them better understand the field.
Across these interviewees, incremental engagement func-
tioned as a mechanism for progressively participating in
QISE.
This trajectory highlighted preparation as a process of

gradual engagement with the field, through which indi-
viduals become increasingly familiar with QISE. Unlike
T2, where positioning depended on reframing prior ex-
pertise, this trajectory emphasized progressive participa-
tion within quantum-specific contexts. It also differed
from the subsequent trajectory in that access emerges
through accumulated engagement rather than mediated
by existing members of the quantum industry.

4. Trajectory 4: Network-enabled entry

In trajectory four (T4), preparation was enabled
through access mediated by recognition from individu-
als already within the quantum industry. Participants
described moments in which connections such as former
colleagues, mentors, professional connections, or friends
played a decisive role in enabling entry into the industry.
While participants may had the relevant KSAs, entry oc-
curred when those KSAs were recognized and validated
within their professional network.
Of the 36 interviewees, 15 described network-enabled

entry. While these participants had relevant skills and
knowledge, the critical turning point in their narra-
tives involved recognition or introduction by individu-
als already working in the quantum industry. Varia-
tions within this trajectory reflected different forms of
relational connections. Some participants described di-
rect referrals from colleagues or friends, while others de-
scribed prior professional connections with the organiza-
tion that later led to employment opportunities. In other
cases, familiarity with members of a technical subfield
supported access to relevant job roles. Across intervie-
wees with this trajectory, entry into the quantum indus-
try was facilitated not solely through technical prepara-
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tion, but through recognition by existing members of the
field.

This trajectory highlighted that preparation was not
solely an individual process, but a socially mediated
one. This trajectory was distinct from the others in that
preparation was not only an individual process of devel-
oping or demonstrating capability, but a relational pro-
cess in which access depended on existing members of the
quantum industry facilitating entry.

5. Co-occurrence of trajectories

Although the trajectories characterized the different
types of experiences, interview participants often drew on
multiple trajectories within their narratives. As shown in
Figure 2, 25 of the 36 interviewees in our dataset lever-
aged more than one trajectory. Participants often de-
scribed how different experiences such as research, trans-
ferable expertise, incremental engagement, and profes-
sional networks work together to enable access to oppor-
tunities in the quantum industry. These sequential or si-
multaneous experiences showed that preparation did not
happen through a single pathway, but through the combi-
nation of multiple forms of participation across contexts.

This pattern is consistent with prior research [37, 38,
45, 49], which emphasizes that becoming able to partic-
ipate involve both engagement in relevant practices and
access to contexts in which that participation is recog-
nized and valued. In this sense, these trajectories func-
tion as complementary mechanisms that collectively con-
tribute to preparation for quantum industry work.

B. Illustrative cases

To illustrate how the identified trajectories co-occur
within individual narratives, we present four intervie-
wees whose trajectories highlight different configurations.
These illustrative cases are selected to highlight variation
in how interviewees discussed their preparation.

1. Trajectory of a senior optical system integration engineer

One of our interviewees is currently a senior optical
system integration engineer at a company that works
on quantum computing hardware, algorithms and soft-
ware, and networking and communication. Their tra-
jectory into the quantum industry aligns with trajectory
one (T1), in which preparation for participation in the
company is constructed as direct continuity of research
practice:

My [dissertation] research topic was directly
related to my current role. My research was
to design, build, test a quantum computer,
which is pretty much exactly the same thing
I’m doing here in this company.

This quote illustrates how this participant positions
their industry role as a direct continuation of doctoral
research practice. Thus, entry into industry is framed
not as a transition requiring new forms of preparation,
but as a shift in context, from academic research to com-
mercialization of the same technological system.
The interviewee further emphasizes the continuity of

specific experimental skills developed during graduate re-
search training:

My academic research skills, like optics,
lasers, vacuum chamber, cryostat, then in a
trapped-ion or a trapped neutral atom, then
collect the data and write the paper are all
very important skills for this position.

Here, specific experimental skills developed during
graduate research are identified as directly used in their
current industry work, reinforcing the role of academic
research training as valued preparation for industry.
For this senior optical system integration engineer,

formal coursework supported the research specialization
that later aligned directly with their industry position.
The interviewee references engaging in relevant courses
as part of the preparation, but emphasizes that research
participation, not coursework alone, was the experience
most directly aligned with their current position:

In grad school [...]I took a variety of quantum
information classes during the PhD program,
plus some engineering regular classes. My
main focus of the research was AMO physics,
[...]which is pretty much the same thing I’m
doing here in this company.

This quote illustrates how degree attainment and
coursework were described as supporting this specializa-
tion, but not sufficient on its own. The central prepa-
ration occurs through sustained engagement in research
practices, which later became recognizable as industry
relevant expertise.

2. Trajectory of a quantum computational scientist

One of our interviewees is a quantum computational
scientist at a company that wants to use quantum com-
puters to enhance their business. Their trajectory into
the quantum industry mostly aligns with trajectory two
(T2), in which preparation for participation in the quan-
tum industry is framed through the transferability of
expertise from previous work experience. Rather than
position their doctoral research as directly aligned with
quantum technologies, the interviewee constructs legiti-
macy through transferable analytical and computational
skills:

A lot of what I’m transferring now to my
work, looking at quantum algorithms, would
be skills in linear algebra, skills in statistics.
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B Lead physicist 1 PhD Physics
H Quantum engineer 1 PhD Physics
H Senior research scientist PhD Physics
H Senior optical system integration engineer PhD Electrical Eng.
H Lab tech Master Physics
B Quantum computational scientist PhD Math
P Senior technical marketing engineer PhD Math
H Scientist, optical eng. & advanced concept engineer Master Mechanical Eng.
S Software developer Bachelor Computer Eng.
H Quantum R&D engineer Bachelor Eng. Physics
H Test and integration engineer Master Electrical Eng.
S Senior quantum application engineer PhD Physics
H Fiber laser system technician Bachelor Physics
H Quantum engineer 2 Bachelor Electrical Eng.
P Application scientist for quantum technologies PhD Physics
B Quantum theoretical scientist PhD Applied Science & Tech.
H Senior staff research scientist PhD Astronomy
H R&D engineer in quantum photonics PhD Physics
P Team lead for quantum success eng. PhD Physics
H Product manager Master Physics
H Fabrication engineer Bachelor Math and Physics
H Senior quantum physicist Bachelor Physics
P Quantum application scientist PhD Materials Science
P Senior product manager PhD Optics
P Director of sales Master Physics
P Quantum education program manager PhD Physics
B Quantum software engineer PhD Computer Science
H Electro-optical engineer Master Mechanical Eng.
P Government industry advocate Bachelor Applied Physics
P Quantum business development specialist Master Physics
B Photonics engineer PhD Physics
H Senior advanced physicist PhD Physics
H Lead physicist 2 PhD Physics
H Associate scientist Bachelor Eng. Physics
P Scientific sales account manager Master Chemistry
S Scientific software developer Bachelor Computer Science

Type Position Education Discipline T1 T2 T3 T4

FIG. 2. Titles of individual positions, education, discipline, and trajectories (T1, T2, T3, and T4) of quantum industry
employees who were interview participants for this study. Twenty-five participants have co-occurring trajectories. The Type
column indicates role categories: H = hardware roles, B = bridging roles, S = software roles, and P = public-facing or business
roles, following the categorization in Ref. [53, 54].

This interviewee, who has a PhD in math does not de-
scribe quantum-specific training, but instead identifies
mathematical and statistical expertise as transferable to
quantum algorithms. This reflects T2, where preparation
is established not through prior academic research experi-
ence in QISE, but through the reinterpretation of existing
expertise. In particular, the interviewee describes work
experience involving numerical modeling and large-scale
computational problems, which later became relevant
to quantum algorithms. The transition into quantum-

related work is described as emerging within the organi-
zational context:

We [my team] said, “Computing in general
is shifting, so why should we just limit our-
selves? Let’s look at quantum computing.”
Management said, “That’s not a bad idea.
Take six months and come back and tell us
what you’ve learned.”

This highlights how preparation can occur through re-
framing existing expertise in response to emerging tech-
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nological directions. Coursework in mathematics and
statistics is positioned as enabling this flexibility, pro-
viding a foundation that supports engagement with new
domains.

3. Trajectory of a government-industry advocate

One of our interviewees is a government industry advo-
cate at a company that does quantum computing hard-
ware, algorithms and software, and consulting. Their
entry into QISE careers combines trajectories one, two,
and three (T1, T2, and T3). While formal coursework
and research experience provided a technical foundation
relevant to quantum technologies, entry into the quan-
tum industry was mainly described by T3 and narrated
through a sequence of engagement with quantum-related
programs and professional roles that gradually expanded
the interviewee’s participation in QISE. The interviewee
described entering the field through a structured pro-
gram:

I started quantum through the [educational
non-profit organization] program. That’s
how I broke into the field. They matched
me with [company name]. I had a software
position with [company name].

This structured program provided the interviewee with
access to work experience in software. Subsequent intern-
ships and professional roles expanded this participation,
including the creation of their own startup. The inter-
viewee highlights how this accumulation of experiences
contributed to their hiring:

I would say that my work experience con-
tributed a lot to being able to land the role.
Having run my own startup and then being
at a startup was really attractive to my boss
when I first started. [..] The function of
building my own startup and then having the
three internships before in quantum and the
research allowed my boss to feel confident in
my abilities and ability to pick up the ma-
terial that I was going to be learning in my
current role.

These experiences are described as building familiarity
with the field and expanding participation over time.
While incremental engagement is central for this inter-
viewee, they also referenced academic research training
as providing a technical foundation that supported this
participation:

I did focus a lot of my research and studies
in quantum computing [. . . ] I definitely do
rely on the fundamentals that I learned and
the knowledge that I had gained in order to be
able to communicate with the team effectively

and translate the information. [...] I com-
pleted research experience my junior year. I
was at a nonlinear photonics lab. I learned a
lot about EDFA fiber amplifiers and 2D ma-
terials during my time there, which also felt
valuable for my role now.

Coursework and research are framed as part of the
broader preparation that enabled engagement with
QISE. Across the narrative, preparation emerged
through the accumulation of these experiences that pro-
gressively integrated the interviewee into the field.

4. Trajectory of a test and integration engineer

One of our interviewees is a test and integration engi-
neer at a company that does quantum networking and
communication, computing hardware, and algorithms
and software. Their entry into the field aligns with tra-
jectory four (T4), in which entry into the quantum indus-
try is narrated as enabled through relational connections.
Although the interviewee describes having relevant tech-
nical skills, the decisive moment in their trajectory is a
personal connection:

Then I had a friend of mine who was at [com-
pany name]. He said, “Hey, there’s this com-
pany, they are a startup.” At first, I was ner-
vous because I don’t see the roadmap being
advocated for largely, and you hear a lot of
questions about is quantum real? Is it real
in the next three decades? He had a meeting
with me, and we talked about the technology,
what it can do, what exists today, where they
plan on being, and with his own eyes, has he
seen the system operating and doing quan-
tum operations and solving customer prob-
lems. They were solving customer problems.
It was a small scope, and I decided like, “Fine,
I will take the leap into this startup and do
my best, and hopefully it’ll be exciting.”

This participant’s access to the opportunity, confidence
in the company, and eventual transition into the test and
integration position are mediated through a trusted con-
nection already part of the quantum industry. In this
case, technical readiness is necessary, but not sufficient.
This participant’s experience illustrates how access to
quantum industry roles is shaped not only by technical
expertise, but also by the strength and influence of pro-
fessional networks that facilitate and support entry into
a quantum career.
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V. DISCUSSION

A. Synthesis

To answer our research question, we investigated how
quantum industry professionals characterize their prepa-
ration for participation in the quantum industry. We
found that interview participants framed entry into the
quantum industry through multiple co-occurring trajec-
tories: continuity of research practice (T1), transfer and
reframing of prior expertise (T2), incremental engage-
ment with quantum-related activities (T3), and network-
enabled entry (T4). These trajectories, summarized on
the right-hand side of Figure 2, illustrate how prepara-
tion for participation in the quantum industry is better
understood as an assembled and socially mediated pro-
cess rather than a process of simply acquiring knowledge
and skills.

A key pattern across interview participants’ narratives
concerns the role of formal degrees and coursework within
this broader process of preparation. While interviewees
consistently describe degrees as establishing a necessary
technical foundation, they do not typically frame course-
work alone as sufficient for entry into the field. Instead,
participants more often frame courses as providing con-
ceptual knowledge or disciplinary language that enables
engagement. Preparation is enacted through the ways
in which knowledge and skills are mobilized within con-
texts where they could be applied, demonstrated, and
recognized.

These findings extend existing work on quantum edu-
cation and workforce development by shifting focus from
solely what individuals need to know to how they become
positioned and recognized as able to contribute within
the field. While prior studies have provided insight into
what preparation might entail for course and program de-
velopment [6, 8, 9, 13, 17–21], our results highlight that
possessing relevant KSAs is only one component of enter-
ing the field. Across our interviews, participants empha-
sized not just what they know, but how combinations of
varied experiences and interactions with their networks
enabled entry into the quantum industry.

Trajectory one (T1) reflects continuity of practice be-
tween academic research and industry work. This aligns
closely with the situated learning perspective, in which
learning is understood as participation in authentic prac-
tice rather than simply acquiring KSAs [25]. Research
training in academia, including doctoral research and un-
dergraduate research, can function as a context of par-
ticipation in practices that are recognizable as relevant
to quantum industry work, which allows individuals to
transition between academia and industry, without a fun-
damental shift in practice. This was also shown in other
PER studies, where becoming a physicist is conceptual-
ized as increasing participation in authentic disciplinary
practices [46, 49]. Our findings contextualize this idea in
QISE by showing that academic graduate research can
already constitute quantum industry relevant participa-

tion.
Trajectory two (T2) highlights preparation through

the reframing of expertise developed in adjacent domains
in previous work experiences. This is consistent with
the broader STEM career development literature that
demonstrates how career pathways often involve move-
ment across domains and require individuals to transfer
their expertise to new contexts [37, 38]. Nevertheless, our
findings highlight how that transferability requires indi-
viduals to actively construct relevance by reframing their
prior work expertise in relation to quantum applications.
Trajectory three (T3) characterizes preparation as a

process of increasing participation in quantum-related
activities over time. This trajectory aligns with exten-
sive research on experiential learning in STEM, which
shows that internships, undergraduate research, summer
schools, and informal learning environments play a cen-
tral role in shaping career trajectories [43, 45, 50]. Our
findings build on this literature by showing how such ex-
periences function within QISE as mechanisms of moving
from peripheral exposure toward more central participa-
tion in the field.
Trajectory four (T4) underscores the role of networks

in mediating access to the quantum industry. Although
participants’ technical preparation is key, entry into the
field can depend on recognition by others already within
it. This finding is consistent with broader career develop-
ment research showing that formal and informal networks
play a critical role in accessing opportunities [56–58]. Our
results contextualize this insight for the quantum indus-
try where emerging career pathways may make relational
mechanisms for accessing QISE roles particularly salient.
The co-occurrence of these trajectories in participants’

narratives as seen in Figure 2 shows how preparation
emerges through the combination of these experiences
rather than through a single pathway. Hence, our find-
ings broaden the focus in quantum education and work-
force development by illustrating how entry into the
quantum industry depends on how individuals connect
experiences across contexts, interpret their relevance, and
gain access to opportunities where their knowledge and
skills can be demonstrated and validated. This perspec-
tive is particularly important for an emerging and inter-
disciplinary field such as QISE, where roles and career
pathways are still evolving.

B. Implications

Our results have several implications for how prepa-
ration for quantum industry careers is conceptualized
and supported. Our findings show that formal course-
work and experiential learning play interrelated roles
in preparing students for quantum industry careers.
Coursework can help students build conceptual under-
standing and fluency with the foundational knowledge
of the field, while experiential learning opportunities are
helpful in applying knowledge and accessing professional
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communities connected to QISE.
For students, combining multiple forms of engagement

may strengthen their ability to enter the quantum in-
dustry. In addition to formal coursework, undergraduate
students may benefit from seeking opportunities that al-
low them to apply their knowledge and skills such as
undergraduate research experiences, internships, partic-
ipation in quantum focused programs offered by vari-
ous organizations (e.g., Qubit by Qubit, which provides
training to the future workforce in emerging technolo-
gies [59]), and engagement in quantum-focused student
organizations (e.g., Quantum Scholars, a program that
supports the professional development of undergradu-
ates interested in QISE careers [60]). Graduate students
may benefit from complementing research specialization
with broader engagement with the quantum ecosystem,
such as participation in industry internships and sum-
mer schools. For undergraduate and graduate students
alike, building a portfolio of experiences may support en-
try into QISE by making their skills applicable, visible,
and recognizable across multiple contexts.

For educators, our findings highlight the importance
of viewing coursework as part of a broader preparation
ecosystem. While courses play a critical role in develop-
ing foundational knowledge, they can be more impactful
when connected to opportunities for application of that
course content, such as research experiences, interdisci-
plinary projects, and extracurricular or professional de-
velopment opportunities relevant to quantum technolo-
gies. Designing curricula that explicitly connect con-
ceptual learning to authentic practices in quantum (e.g.,
industry-coupled project-based quantum capstone course
[61]) may better support students in translating knowl-
edge into participation.

For quantum industry professionals, our results show
the importance of experiential learning opportunities and
professional networks in shaping access to the field. As
such, quantum industry professionals have the opportu-
nity to create and expand pathways that allow students
to gain these relevant experiences to enable entry. The
continued investment by current industry professionals in
university partnerships, participation in conferences, and

the development and expansion of internship programs
that are accessible to all degree levels can help students
access networks and opportunities offered by industry.
However, reliance on personal networks for hiring may
limit connections between employers and qualified and
ambitious candidates graduating from less-resourced in-
stitutions who may not have existing industry connec-
tions. Therefore, the quantum industry will benefit from
continued efforts to create structured, transparent, and
broadly accessible entry points in order to broaden par-
ticipation to all students interested in quantum careers.

Our findings lay the foundation for further exploration
of how relevant experiences can be made visible to em-
ployers during recruitment and application processes.
Future work could potentially investigate the different
ways students can gain access to opportunities and be
recognized for having relevant KSAs by employers in or-
der to address some of the challenges students perceive
in obtaining jobs in the quantum industry [62].

In conclusion, preparation for participation in the
quantum industry consists of a dynamic combination of
educational, experiential, and relational factors. Under-
standing these trajectories provides a more complete pic-
ture of how individuals enter this emerging field by broad-
ening the focus beyond knowledge and skills. Our find-
ings inform ongoing efforts in quantum education and
workforce development, particularly as education and
training structures that support participation are ac-
tively being designed and refined.
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