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As more physics educators are developing courses and programs to prepare students for careers in quantum
information science, understanding the quantum industry’s future workforce needs has become increasingly
important. As part of ongoing efforts to understand the knowledge and skills needed for various job roles, we
interviewed quantum industry professionals in managerial positions about workforce needs. Through thematic
analysis, we identify two broad themes about projected needs. First, managers anticipate a need for a range
of educational levels from bachelors to PhDs in physics, engineering, and computer science to fill the needs
of roles spanning manufacturing to innovation. Second, managers anticipate an increased need for individuals
who can apply quantum information science knowledge across fields. These results provide insights for physics
educators about course and program development: continued investment in quantum information science
education at all levels is valuable, and greater emphasis should be placed on applications of quantum science.
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I. INTRODUCTION

Quantum Information Science and Engineering (QISE) is
an interdisciplinary field that is at the core of advancements
in quantum computing, networking and communication, and
sensing. As QISE research and development progresses, it
holds the potential to transform industries by enabling new
quantum technologies, from secure communication to faster
computing systems. This promising growth has catalyzed
significant investment, with several key pieces of legislation
across the globe fueling both QISE research and education
initiatives [1–5]. In the United States, the National Quan-
tum Initiative Act [1], the Quantum Information Science and
Technology Workforce Development National Strategic Plan
[4], and the CHIPS and Science Act [5] have prioritized QISE
by supporting research in QISE and the development and as-
sessment of QISE education.

As the need for a well-prepared quantum workforce grows
alongside technological advancements, it becomes increas-
ingly important to better understand how to prepare the in-
dividuals that will be driving and supporting these innova-
tions. Research to-date highlights the importance of prepar-
ing students at multiple educational levels to support a range
of roles in the quantum industry [6–10]. In particular, Fox et
al. [6] point to the need for both advanced quantum expertise
at the doctoral level and strong technical, software develop-
ment, and engineering skills at the undergraduate level, while
Hughes et al. [7] reinforce that companies are hiring across
all degree levels to support quantum technology development
and deployment.

Additional research has stressed the value of experiential
learning in helping students connect academic training with
workforce expectations [11–13]. For example, Aiello et al.
explain how internships, capstone projects, and/or laboratory-
based courses not only help students get a sense of what a job
in QISE looks like, but also showcase practical skills sought
out by industry [11]. Additionally, Li et al. demonstrate the
importance of experiential learning in supporting the devel-
opment of quantum literacy [12].

In parallel, a growing body of literature has examined var-
ious dimensions of QISE education. Studies have examined
the landscape of quantum and QISE courses and programs
across institutions [14–16]. Other work has focused on creat-
ing QISE-specific curricula [17–19] and explored the oppor-
tunities and challenges educators face in designing and devel-
oping QISE courses and programs [20]. Collectively, these
studies provide insights on ongoing educational efforts and
where further efforts are needed to support sustained course
and program growth.

While this body of work on QISE education and workforce
development has advanced our understanding of how to pre-
pare students for existing quantum roles, it remains largely
focused on current workforce needs. In other words, these
studies offer a valuable, but time-bound snapshot of how
academia can meet present-day industry expectations. What
remains less well explored are the ways in which industry ex-

pectations of educational requirements and job roles might
shift in the coming years as the quantum sector evolves. This
gap limits the ability of educators to design proactive QISE
courses and programs aimed at building a sustainable quan-
tum workforce pipeline. In particular, since it can take a few
years to design new academic programs, designing with fu-
ture needs in mind can be quite beneficial.

Thus, this paper aims to address this need by exploring
broader trends expected to shape the quantum workforce. We
do not provide a detailed analysis of the specific knowledge,
skills, and abilities needed for current job roles in the in-
dustry, as that is the focus of separate ongoing work, which
will allow us to compare our findings with Greinert et al.’s
similar work in the European context [21]. Instead, this pa-
per addresses the following research question (RQ): How do
quantum industry managers anticipate workforce trends
evolving over the next five years in terms of educational
requirements and job roles?

II. METHODOLOGY

A. Data collection

Our data consisted of research interviews with quantum in-
dustry professionals. Our recruitment process involved mul-
tiple strategies. We began by identifying quantum companies
affiliated with the Quantum Economic Development Consor-
tium (QED-C) [22], a consortium that consolidates and sup-
ports various efforts from national stakeholders in the quan-
tum ecosystem. The QED-C provided some contact informa-
tion for professionals at affiliated quantum companies. Si-
multaneously, we leveraged our institutional networks, in-
cluding alumni in the quantum industry, to identify additional
participants. We also used a snowball sampling approach [23]
by asking each interviewee to refer colleagues within their
organization to participate in our research interviews, which
allowed us to have data from a variety of roles within a single
company.

In total, we conducted 34 interviews with employees and
managers from December 2024 to April 2025. The man-
ager interviews focused on company’s role within the quan-
tum industry, skills and knowledge of specific positions, and
interviewee’s outlook on the quantum industry. In contrast,
employee interviewees focused on the interviewee’s position,
the specific tasks they perform, and the associated knowledge
and skills needed to do those tasks. To answer the RQ in this
paper, we focus on only the managers’ interviews because
we explicitly asked them about their outlook on the industry,
which provides a high-level overview of anticipated needs.

We interviewed 20 professionals in managerial roles at 17
companies. These managers held a range of roles, including
CEOs, founders, talent acquisition managers, and senior sci-
entists. The types of activities their companies engaged in
are listed in Figure 1. We adopt definitions consistent with
prior literature [6] to describe the companies, and we let in-
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terviewees select the classification that best fit their company.
Briefly summarized the categories of companies are:

• Quantum computing hardware companies build
quantum computers along with necessary software to
operate and simulate them.

• Quantum algorithms and software companies apply
quantum computation to solve real-world problems and
develop new algorithms for quantum computers.

• Enabling technologies companies are producing cus-
tomized hardware used in quantum sensors, network-
ing and communication, or computing hardware.

• Quantum networking and communication compa-
nies focus on creating technologies for quantum-key
distribution or hardware for transmitting entangled
quantum states.

• Quantum sensing companies are developing precise
sensors by leveraging controlled quantum states for
commercially viable applications.

• Consulting companies provide expertise and strategic
advice on adopting or integrating quantum technolo-
gies and navigating the quantum ecosystem.

We also identified company sizes based on interviewees’ re-
sponses, using the following ranges: 1-20, 20-50, 50-100 or
more than 100 employees.

B. Data analysis

To answer our RQ, we focused on interviewees’ responses
to these two interview questions about the quantum industry
as a whole:

• What types of degrees, fields, certifications and expe-
rience are most likely to be needed for developing the
quantum industry in the next five years?

• What specific jobs are most likely to be needed for de-
veloping the quantum industry in the next five years?

Thematic analysis [24] started by reading all responses to
both questions to code pieces of the data related to qualifi-
cations, experience, and job roles. Initial codes were gen-
erated, which included terms such as “PhD for innovation”,
“manufacturing roles”, and “application area”. These codes
were then grouped to generate broader themes about future
needs of the quantum industry, which resulted in two dis-
tinct themes. To ensure consistency, a second researcher in-
dependently coded a subset of the data (20 quotes from across
the interviews) using the identified themes. There was a
95% agreement between coders on this subset, which demon-
strated that the themes captured the patterns in the data clearly
and comprehensively. We report percent agreement instead of
Cohen’s kappa due to the small subset of the dataset used for
this analysis and the presence of only two major themes.

There are a few limitations in our data collection that limit
the scope of interpretation of our results. First, the sample of
managers is not representative of the full range of company
types within the quantum industry. For example, as demon-
strated in Figure 1, end users of quantum technology compa-

nies are not part of our sample yet, even though one of the
themes in our findings is that positions may filled by many
employees working on those application-focused companies.
Second, the data analyzed in this paper represents a small sub-
set of a larger dataset currently being collected. As additional
interviews are conducted and analyzed, further nuances and
perspectives may emerge that are not captured here.

III. RESULTS

Two themes emerge from our analysis. Theme 1, consis-
tent with previous literature [6–8], highlights a continued pro-
jected need for a range of higher educational levels in physics,
engineering, and computer science to drive manufacturing
and innovation as the industry scales. Theme 2, a newer in-
sight, points to an anticipated need for more individuals who
can apply quantum information science knowledge in various
sectors.

A. Theme 1: Educational Requirements

The need for a workforce spanning a range of educational
levels to support the scaling of the quantum industry is a
theme that was identified in 17 out of 20 of the quantum in-
dustry manager interviews. Quantum industry managers em-
phasized that PhD-level talent will continue to be essential for
QISE, particularly for innovation in foundational research.
One manager at company I articulates this idea clearly, say-
ing:

There’s scaling up and then scaling out. The
scaling-up is the PhDs. We still need a ton of
those and we still need to innovate.

The continued need for PhD-level employees is echoed across
company types and sizes, and underscores how advanced ex-
pertise remains a cornerstone of industry growth.

However, as quantum technologies move beyond research
and development toward implementation, managers also an-
ticipate a growing reliance on individuals from across edu-
cational levels. Individuals with bachelor’s and master’s de-
grees are seen as critical to supporting this transition. One
manager at company M captures this shift:

It’s primarily going to be driven by, either PhDs
or bachelor level students. It’s that split di-
chotomy of you’re going to have the folks who
need to engineer what needs to be done and then
the people who execute on it. In particular, tech-
nician or maybe early engineer stage is where
you see bachelors going in.

This manager outlines the potential emergence of a division
of labor with the quantum workforce: PhDs leading design
and innovation, and bachelor’s professionals supporting exe-
cution and maintenance.
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FIG. 1. Company categorization of activities and company size based on the 20 quantum industry manager interviews

In parallel, managers also highlight the continued rele-
vance of foundational disciplines. Physics, engineering, and
computer science are still indispensable to quantum technol-
ogy development. As one manager at company K explains:

If you look at cryogenic test systems, they need
mechanical engineers still. They need thermal
people. If you look at the quantum measurement
side, they still need more physicists. If you look
at building the hardware, going back to the test,
you still need hardware engineers. I would say,
the classics are still necessary. Everything from
physics to mechanical to electrical to computer
science, it’s all needed.

This need is particularly emphasized by managers at larger
companies, those with more than 100 employees working
on quantum, which reinforces the idea that as teams grow,
a broader range of expertise across foundational disciplines
becomes increasingly necessary to build quantum systems.

Looking ahead, to support the transition from experimen-
tal research to manufacturing and commercial deployment,
managers foresee a growing need for technicians to man-
age the assembly, production, and maintenance of systems.
A manager at company G illustrate the hands-on nature of
these roles by describing typical technician tasks in their com-
pany to include fiber splicing, cleaning and assembling opti-
cal components, and building optical setups. They went on to
describe the broader category of roles as:

As we transition from laboratory proof-of-
concepts to actually deployed manufactured
units, the fraction of folks that are on the man-
ufacturing side are going to grow.

This projected need for more individuals in manufacturing
roles, echoed by other managers in quantum hardware and
enabling technologies companies, signals the expansion of
quantum workforce roles in manufacturing, reinforcing the
need for a broad and layered talent pipeline.

B. Theme 2: Application-Focused Roles

The second major theme that emerged from these inter-
views, discussed by 19 out of 20 managers, is the growing
need for professionals who can operate at the intersection of
quantum science and applied fields. As the quantum indus-
try matures, there is an anticipated shift from an emphasis on
fundamental research toward practical implementation. Thus,
there is an expectation that there is a need for professionals
who not only understand quantum principles, but also can
bridge these concepts into practical applications.

One manager at company D describes the importance of
applied quantum work:

I think as you see this focus shift away from
hardware-oriented tasks and more towards ap-
plication area, you can see the [quantum] indus-
try evolve from applied research to actually ap-
plicable to [other] industry.

This manager suggests a transition from building the tools to
using them effectively. Echoing on this idea, there is an em-
phasis on multidisciplinary training, which is seen as essential
for connecting quantum theory to real world challenges. For
example, another manager at the same company D says:

I would say, if you’re studying computer science
or you’re studying data science, if you’re study-
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ing specific domain areas that quantum comput-
ing shows promise in chemistry, finance, AI, op-
timization, if you’re studying in those areas, if
you’re thinking about quantum computation and
how to actually connect those dots between those
areas, those are all super valuable skills. I think
that’s, I don’t think we have a word to describe
all those, the combination of things, but those are
the sorts of areas that I think would be valuable
for students to focus on.

This manager captures the emerging need for cross-domain
fluency.

As companies look beyond technical development towards
integration into commercial sectors, there is an anticipated
need for professionals not only in technical roles, but also
in positions that support the industry’s scaling. As quantum
technologies move into the public and commercial domains,
the ability to communicate about the impact of these tech-
nologies becomes increasingly important. As one manager at
company O explains:

I think moving forward you’re going to see a
lot of more soft-skill-based degrees coming into
quantum, like business bachelors and sales and
marketing, and digital creators. Because we are
going from lab to industry, and part of doing so
is communicating with a broader audience.

Echoed by managers across company types and sizes, this
quote signals a potential expansion of the talent pipeline be-
yond traditional scientists and engineers to include those who
can explain and advocate for quantum technologies in the
broader market.

As a result, managers anticipate the emergence of integra-
tion roles that can bridge technical depth with broad applica-
tion knowledge. A manager at company Q summarizes this
outlook:

I would foresee us having some integration role
in the future. I don’t know if everybody will, but I
think that’s where we really need folks with that
multidisciplinary knowledge of those other sub-
jects in engineering to be able to translate that
to quantum programs.

This insight reflects the projected need for professionals who
are fluent in both quantum and non-quantum domains.

IV. DISCUSSION

Our analysis identifies two themes regarding workforce
needs in the quantum industry. The two themes are based on
industry leaders projecting to move from research and devel-
opment to commercial deployment in the near future. First,

managers anticipate the continued necessity of PhD-level ex-
pertise to support innovation, while also projecting a grow-
ing need for individuals with bachelor and master’s degree in
physics, engineering, and computer science to support manu-
facturing. Second, there is an expectation that future quantum
professionals should be able to apply QISE knowledge across
various domains.

Theme 1 underscores the value of building capacity across
the entire educational spectrum. Institutions are already start-
ing to invest in QISE bachelor’s and master’s level courses
and programs [25–29], and continued investment is essen-
tial to develop a layered talent pipeline to support the quan-
tum industry’s growth. Theme 2 points to the need for aca-
demic courses and programs to integrate application-oriented
QISE content into existing pathways. For example, institu-
tions could consider offering at least one course in quantum
applications for all STEM majors. Moreover, upskilling op-
portunities such as certificates can help individuals who are
in adjacent industries transition into quantum-related roles.

However, a nuance emerged in our interviews that com-
plicates how we approach educational planning for the QISE
workforce. In our interviews, we ask managers about cur-
rent roles and anticipated roles. Their responses about cur-
rent roles (the focus of ongoing separate work) tended to em-
phasize positions requiring advanced quantum expertise. Yet,
when asked to project future workforce needs (the focus of
this paper), these same managers describe a broader work-
force, one that increasingly includes bachelor-level employ-
ees. This difference may reflect hiring patterns that still favor
advanced expertise, even as managers maintain an arguably
optimistic outlook on the growth and widespread adoption of
applied quantum technologies. This difference poses chal-
lenges for educational planning, as preparation must span
a wide range of roles from advanced quantum expert roles,
to multi-disciplinary experts roles, and manufacturing roles.
Our ongoing data collection and analysis for this project may
provide further insight into how to approach planning for
QISE education given how the current and future needs of
the industry differ.

Nevertheless, to support the fields’ development, co-
ordinated efforts among stakeholders, including industry,
academia, and government, are essential to prepare for this
range of workforce needs. Industry needs to continue to part-
ner with educators to articulate evolving workforce needs.
Academic institutions need to be responsive and agile in
building programs aligned with those needs. Policymakers
should support infrastructure that allows for those workforce
needs to be met. In conclusion, projected quantum indus-
try workforce needs call for both depth and breath of exper-
tise, which requires building educational pathways that invite
a wide range of individuals into the quantum ecosystem.
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