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Quantum information science and engineering (QISE) is rapidly gaining interest from those within
many disciplines, and higher education needs to adapt to the changing landscape. Although QISE
education still has a strong presence and roots in physics, the field is becoming increasingly
interdisciplinary. There is a need to understand the presence of QISE instruction and quantum-related
instruction across all disciplines in order to figure out where QISE education is already happening
and where it could be expanded. Although there is recent work that characterizes introductory QISE
courses, there is no holistic picture of the landscape of QISE and quantum-related education in the
United States. To understand how QISE education is evolving, we analyzed course catalogs from
1456 U.S. institutions. We found 61 institutions offering QISE degree programs, mostly at
Ph.D.-granting schools, with interdisciplinary programs being the most common. Physics, electrical
and computer engineering, and computer science are the primary contributors to these programs.
Across all institutions, we identified over 8000 courses mentioning “quantum,” mainly in physics and
chemistry departments, but about one-third of institutions in our study had none. We also found over
500 dedicated QISE courses, concentrated in Ph.D.-granting institutions, primarily in physics,
electrical and computer engineering, and computer science. Physics leads in offering both general
quantum-related courses (~4700) and QISE-specific courses (~200). While quantum knowledge is
often a prerequisite for QISE, there are efforts to make QISE education more accessible to students
with less background in quantum mechanics. Across multiple disciplines, we also see that QISE
topics are being introduced in courses not fully dedicated to QISE, which may be a productive
strategy for increasing students’ access to QISE education. Our dataset and analysis provide the most
comprehensive overview to date of quantum education across U.S. higher education. Additionally,
this work is the first to address, in detail, the landscape of quantum content in two-year and
community colleges and examines the largest set of MSIs in this context. We hope these findings will
support and guide future efforts in curriculum design, workforce development, and education policy
across the quantum ecosystem.
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I. INTRODUCTION
A. Motivation
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Quantum information science and engineering (QISE) is
a rapidly growing field in both academia and industry.l
Over the past seven years, quantum technology has
emerged as a federal priority, which has increased the

'A note on terminology: There are multiple ways people refer to
quantum information. QIS is quantum information science. Some
reports add a “T” which stands for technology. Throughout the
paper, we will use QISE to encompass all of these instances, aside
from direct quotations.

Published by the American Physical Society


https://orcid.org/0009-0006-9819-9880
https://orcid.org/0000-0003-2768-7247
https://orcid.org/0000-0001-6420-7535
https://orcid.org/0009-0004-0936-3104
https://orcid.org/0000-0002-5420-4389
https://orcid.org/0009-0009-4426-5434
https://orcid.org/0009-0000-7970-7866
https://orcid.org/0009-0003-3334-6147
https://orcid.org/0000-0003-4181-0889
https://orcid.org/0000-0002-0995-552X
https://orcid.org/0000-0002-8925-6912
https://ror.org/00v4yb702
https://ror.org/008hybe55
https://ror.org/05xpvk416
https://ror.org/02ttsq026
https://ror.org/02ttsq026
https://crossmark.crossref.org/dialog/?doi=10.1103/pstt-46b9&domain=pdf&date_stamp=2025-10-16
https://doi.org/10.1103/pstt-46b9
https://doi.org/10.1103/pstt-46b9
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

A.R. PINA er al.

PHYS. REV. PHYS. EDUC. RES. 21, 020131 (2025)

investment in QISE research and education. In 2018, the
National Quantum Initiative (NQI) Act authorized funding
and called for multiple federal agencies to support research
and development centers for quantum technology research
[1]. The NQI Act emphasized primarily research and
technology development, while also recognizing the need
for a QISE workforce “pipeline,” but with few details on
how that should be accomplished.

In 2022, building off of the NQI Act, the Quantum
Information Science and Technology Workforce Develop-
ment National Strategic Plan discussed opportunities for
academia to contribute to this development. The plan
states, “Institutions of higher education can expand QIST
courses and programs to increase opportunities for future
workers and to build proficiencies that connect various
specializations with QIST expertise” [2]. Furthermore, the
2022 CHIPS and Science Act makes a call to “assess the state
of quantum information science education and skills training
at all educational levels and identify gaps in meeting current
and future workforce needs,” recognizing that a crucial step
in the development of educational materials is developing an
understanding of what already exists [3].

In addition to this federal priority on quantum education
and workforce development, physics educators and educa-
tion researchers have expanded their efforts in this area as
well. The physics education research community has been
increasingly focused on different aspects of quantum-related
education, such as difficulties [4-9], conceptual understand-
ing [10-19], understanding of notations [20-22], mathemati-
cal sensemaking [23-25], understanding of visualizations
[26-28], development of instructional materials [29-31], and
quantum experiments [32-34]. QISE-specific education
efforts in the field have included the development of
instructional materials [35], studies on workforce develop-
ment [34,36-38], and landscape studies [39,40].

Although there is ongoing work on the characterization
of the content [41] and availability [39,40] of introductory
quantum and QISE courses, there is no holistic picture of
quantum-related education in the United States. The needs
of the QISE industry are also being actively studied in both
U.S. [36-38] and European [42,43] contexts in order to
inform the further development of QISE education. A
deeper understanding of the needs of the QISE industry
is crucial to preparing students for entering the workforce;
however, a fuller picture of existing QISE education is
required for educators to understand where to implement
curricular changes.

The work presented here builds on previous work [39—41]
on the characterization of the landscape of QISE courses,
programs, and other QISE educational activities in higher
education, which will be discussed in more detail in the next
section. In addition to updating the findings of previous
studies to reflect the changing landscape, this project also
uses the largest sample of institutions to date and should
provide a reasonably comprehensive picture of the educa-
tional landscape in the United States. Previous studies have

focused strictly on QISE courses, whereas the data presented
herein cover all courses that include instruction in quantum
topics.

Although QISE is increasingly interdisciplinary, physics
remains the historical home of both quantum and quantum
information. Both this study and prior work have been shown
that physics is among the largest—if not the largest—
contributors to QISE coursework, which has motivated us
to examine specifically the contributions of physics depart-
ments to QISE. Our goal is to provide information about
current quantum-related and QISE courses and QISE-focused
programs to support the work of various stakeholders.

For curriculum developers, this information should be
useful in determining what other institutions/instructors are
focusing on in their courses and programs. Access to
information on different programs across the nation can aid
leaders in the development and evolution of QISE programs at
their institutions. As more institutions develop QISE pro-
grams, these data can also help an institution find what sets it
apart from existing programs. For instructors, this can be a
resource for determining which topics are of interest to a wide
variety of disciplines. These data also potentially provide
significant aid to students seeking educational opportunities
through self-exploration, or to academic advisors and faculty
members guiding students’ educational and career decisions.
This work is not about assessing any particular course or
program, but rather provides a national context to an increas-
ingly important and rapidly changing field.

The data presented here allow us to address the following
research questions:

RQ1: What are the characteristics of QISE programs in

higher education across the United States?

RQ2: What is the distribution of courses that include
quantum and/or QISE across different disciplines,
modalities, and institution types?

RQ3: Within physics departments, in what ways does
the distribution vary by level, modality, and type of
course for quantum and QISE topics?

The two primary characteristics that we consider with
regard to institution type are the Minority Serving Institution
(MSI) status and Carnegie classification of Institutions of
Higher Education. Course level is differentiated by graduate
versus undergraduate instruction, as well as prerequisites for
QISE courses. Modality refers to whether a course is
primarily lecture, lab, or a mix of the two.’

B. Background

Two recent studies have investigated QISE courses in the
United States. Cervantes et al. [39] searched 2019-2020
course catalogs for QISE courses at 305 U.S. institutions in
order to examine the availability of courses at different

*Note that we do not have a means of differentiating between
different instructional methods (e.g., traditional lecture, flipped
classroom, etc.).
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levels and how that varied based on institutional character-
istics, such as Carnegie classification and status as an MSIL.
Within that sample, they identified 74 institutions with
QISE courses. Of those institutions, a significant majority
(64) were Ph.D.-granting institutions. Regarding MSI
status, the study found QISE courses at Hispanic-Serving
Institutions and Asian American Native American Pacific
Islander Serving Institutions; however, they did not find any
courses at any other type of MSI. Their findings suggested
that there may be a disparity in access to QISE coursework
based on factors such as MSI status or institutional resources.
There were two primary limitations of this work, both of
which were explicitly addressed by the authors. The first is
that this is a relatively small sample given the total number
(~4100) of postsecondary institutions in the United States,
and the study included a small fraction of the MSIs (56 out of
711). The second is that the study addressed only QISE-
specific courses, which does not capture the extent to which
QISE instruction may occur in courses not dedicated to
QISE, such as traditional quantum mechanics courses that
include a unit on quantum computing and cryptography.

Meyer et al. [40] directly followed up on the work of
Cervantes et al. [39] by expanding the sample to courses
offered in academic terms between Fall 2019 and Fall 2022 at
456 U.S. institutions. Their selection criteria for these
institutions were centered on degrees granted in physics,
computer science, andelectrical and computer engineering
programs that either granted the most degrees or met a
minimum threshold depending on degree level. However,
much like Cervantes et al. [39], Meyer et al. [40] looked
exclusively for QISE-specific courses. With these data, they
also performed a multiple linear regression in addition to
some descriptive statistics. Their regression examined
Carnegie classification, funding, religious affiliation, MSI
status, percentage of students receiving Pell Grants, and
urbanization index of the institution as independent varia-
bles, with the dependent variables being availability of QISE
courses and programs.

The regression analysis confirmed the findings of
Cervantes et al. [39] that QISE courses were found dispro-
portionately at research-intensive institutions (commonly
known as Rl/doctoral-granting very high research activity
and R2/doctoral-granting high research activity). Research-
intensive institutions were shown to be approximately 9
times more likely to offer QISE courses than non-research-
intensive institutions Meyer et al. [40]. There was also a
large disparity in access found between public and private
institutions, with public institutions being significantly less
likely to offer QISE courses; for public institutions in more
rural areas, this effect was even greater. The independent
variable related to the percent of students receiving Pell
Grants was used as a proxy for institutional resources and
showed that access to QISE coursework decreased as the
percentage increased. When controlling for the other inde-
pendent variables in the model, no significant association
was found with an institution’s MSI status. These findings

suggest that the most significant factor in determining the
likelihood of an institution to offer QISE courses is access to
resources, such as faculty expertise and funding.

Some efforts have been made to characterize a subset of
the landscape of QISE education beyond just the United
States. Goorney et al. [44] conducted a global search for
QISE master’s programs and identified 86 institutions with
such programs. The majority of the institutions identified
are located in the Europe (41) or United States (17). Unlike
the work of Meyer et al. [40], which reported on QISE
education at all levels, Goorney et al. [44] reported
exclusively on the graduate level to explore whether
master’s programs can provide an easy transition to
industry. Some of the findings of Goorney et al. [44]
suggest that there may be increasing opportunities for those
with QISE master’s degrees to find positions in industry.

Two groups have been working on relevant course
content analysis. The first group, Meyer et al. [41], looked
into the content of introductory QISE courses. They
surveyed instructors of 63 introductory QISE courses at
U.S. institutions listed in physics (26 courses), computer
science (13 courses), and electrical and computer engineer-
ing (11 courses), as well as 11 courses cross listed among
different combinations of those disciplines. This survey
identified a collection of commonly taught QISE topics that
are being used as the basis for a concept inventory of
introductory quantum information science concepts. The
focus of Meyer et al. [41] on QISE courses does not
account for the possibility that QISE topics may be covered
in other courses not solely dedicated to QISE.

An example of QISE topics in nondedicated courses can
be found in the work of the second group, Buzzell et al.
[45,46], who have been investigating topics taught in modern
physics and quantum mechanics courses in the United States.
They have leveraged large language models to perform large-
scale syllabus analysis for 167 modern physics courses and
56 quantum mechanics courses. Within modern physics
courses, quantum physics is the most commonly covered
topic. This analysis has revealed that quantum mechanics is
the most common topic covered in modern physics courses.
In half of the quantum mechanics courses (28/56), the syllabi
included QISE topics such as quantum computing, quantum
teleportation, and quantum cryptography.

The work presented herein expands on prior studies by
examining more institutions, and searching a broader
selection of courses than any previous study to date. In
addition to looking for QISE courses, we have searched for
all instances of quantum in course titles and descriptions, as
well as program names in a sample of 1456 institutions.
This analysis allowed us to examine the growing landscape
of QISE courses reported by Cervantes et al. [39] and
Meyer et al. [40] and present a broader picture of
institutions in the United States. Considering all instances
of quantum-related instruction, in addition to QISE, allows
us to identify existing courses where QISE could be added
as an application or unit within the course. As mentioned in
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Buzzell et al. [46], there is already a precedent for QISE
topics appearing in nondedicated courses (e.g., quantum
mechanics). We also examined the prerequisites for differ-
ent QISE courses and the entrance requirements for differ-
ent QIS programs. These data highlight the different
emergent philosophies about the types of information that
are necessary for a student to learn QISE topics.

II. METHODS

This study is seeking to answer primarily descriptive
research questions related to observational (i.e., nonexper-
imental) data on the landscape of QISE education. In very
limited cases, we employed post hoc y? tests to verify that
observed relationships between categorical variables in the
data are significant; this, however, is not the focus of the
work, as we are primarily seeking to describe the educational
landscape of quantum-related courses and programs. In the
rest of this section, we will discuss how the sample was
selected and provide an overview of some characteristics of
the sample before providing more details on the data
collection, analysis, and limitations of the research design.

A. Institutional selection criteria

The first step in carrying out the project was to decide
which institutions to include in our sample. There are more
than 6000 institutions of higher education across the United
States. Approximately 4100 of those institutions grant
undergraduate and graduate degrees across a range of
subjects, while the remaining institutions focus primarily
on specific occupational training or religious instruction.
Although examining all 4100 institutions would be the
most thorough approach, it is not practical. We therefore
needed to prioritize different types of institutions.

Previous research has shown that the majority of QISE
instruction is offered at research-intensive institutions
[39,40]; therefore, we included all high and very-high
research activity institutions as defined by the Carnegie
classification. The research focus of these institutions
attracts QISE experts who start and manage QISE research
and educational programs. We aimed to create a geographi-
cally diverse sample of institutions, ensuring representation
from every state in the United States, to provide a
comprehensive snapshot of the current educational land-
scape. Additionally, community colleges, two-year col-
leges, and 4-year colleges have been underrepresented in
prior landscape studies, so we wanted to ensure a large
number of these types of institutions were included. We
specifically focused on institutions that produce graduates
in fields that most commonly lead to careers in QISE, such
as physics, engineering, and computer science. Finally,
legislation and strategic planning documents that motivate
this work [1-3] call for efforts to build the broadest possible
skilled QISE workforce, with MSIs [47] playing a central
role in this effort. MSIs can be categorized as either

mission-based, such as Historically Black Colleges and
Universities (HBCUs) and Tribal Colleges and Universities
(TCUs), or enrollment-based (all other MSIs). Mission-
based MSIs explicitly set out to serve a specific student
population, while enrollment-based MSIs meet criteria set
by congress in terms of what percentage of their students
are of a given demographic [47].

These various considerations resulted in five inclusion
criteria for institutions. Any institution that met at least one
of these criteria was added to the overall sample.

1. Institutions with a Carnegie classification of either
“Very High Research Activity” or “High Research

Activity.”

2. Top 10 STEM bachelor-producing institutions
by state.

3. Top 5 STEM associate-producing institutions
by state.

4. Institutions with an program accredited by the
Accreditation Board for Engineering and Technol-
ogy (ABET) in computer science or engineering.

5. All MSIs.

We identified institutions that met criteria 1-3 using
the National Center for Education Statistics' Integrated
Postsecondary Education Data System (IPEDS) of the U.S.
Department of Education [48]. IPEDS contains institution
names, locations, Carnegie classifications, and breakdowns
of discipline and types of degrees awarded, in addition to
other information. In criteria 2 and 3, STEM refers to a
collection of majors that are primary contributors to QISE,
including physics, electrical and computer engineering,3
and computer science [41]. The 21 distinct Carnegie
classifications were narrowed down to just four categories
based on either the highest or largest number of degrees
granted for ease of interpretability. The full details of the
Carnegie classifications system we used can be found in
Appendix A, Table V.

ABET accreditation was identified through a publicly
accessible ABET-managed database with information on
all institutions with current and past ABET accreditation
[49]. MSIs were identified through NASA’s Minority
Serving Institutions Exchange, which includes a compre-
hensive listing of MSIs and their MSI classifications (i.e.,
what populations the institution is serving) [50]. These
institutions include Historically Black Colleges and
Universities (HBCUs), Hispanic Serving Institutions
(HSIs), Asian American and Pacific Islander Serving
Institutions (AAPISIs), Tribal Colleges and Universities
(TCUs), Alaskan Native and Native Hawaiian Serving
Institutions (ANNHSIs), and Nontribal Native American
Serving Institutions (NASNTIs).

*We recognize that at some institutions, electrical engineering
and computer engineering are two separate departments. To remain
consistent in our handling of the data, any electrical engineering,
computer engineering, and electrical and computer engineering are
all included in the same category.
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TABLE I. Number of institutions in our study based on
Carnegie classification and MSI status. The last column indicates
the percentage of institutions in our sample relative to all
U.S. institutions with that Carnegie classification. For example,
the 35% (bottom right) means that this study contains 35% of all
degree-granting institutions in the United States (roughly 4000
in total).

Carnegie MSI—No MSI—Yes % of total in U.S.
Two-year 182 328 32%
Four-year 122 147 10%
Master’s granting 207 132 20%
Ph.D. granting 273 106 82%

% of total in U.S. 24% 100% 35%

Institutional information from each of these individual
sources was standardized, aggregated, and cross linked using
Python code, resulting in a sample of N = 1456 institutions. A
brief overview of the number of institutions in our sample
based on Carnegie classification and MSI status is found in
Table I. A more detailed breakdown of the number of
institutions meeting different combinations of the five
selection criteria can be found in Appendix B, Table VI.
The sample includes more two-year institutions than one
might expect from the selection criteria, largely because
many two-year institutions are MSIs. Similarly, based on
criterion 2, one might expect the number of four-year
institutions to come close to 500 (10 for each of the 50
states), but criterion 2 refers to a quantity of bachelor’s
degrees granted as opposed to an institution type. There are in
fact ~500 institutions meeting criterion 2, but many of them
are either Ph.D.- or master’s-granting institutions. In total,
institutions in this sample represent 86% of the physics
bachelor's degrees awarded in the United States in 2022 (the
most recent IPEDS data available at the time of institution
selection (June 2024), 93% of those in computer science, and
98% of those in engineering generally. Given our focus on
institutions with a strong STEM presence, and some of the
low percentages in the rightmost column of Table I, these data
might present an overestimate of course availability, espe-
cially among non-Ph.D.-granting institutions.

B. Data collection and analysis

Data were collected by a team consisting of two
postdocs, a staff researcher, one graduate student, and four
undergraduate researchers. The data collection effort
stretched over approximately 13 weeks beginning in
June 2024 and required over 600 person-hours to complete.
The process of investigating an institution started with
using an Internet search engine (e.g., Google) to locate the
institution’s course catalogs and program catalogs.

We searched program catalogs for the word quantum and
recorded any program with a name containing the word
quantum for further review as a QISE program. Programs
were defined to include associate’s, bachelor’s, master’s,

and Ph.D. degrees, certificates and minors, and concen-
trations, focuses, or tracks within majors. After searching a
program catalog, the team returned to an Internet search
engine and input institution names in combination with key
words (quantum computing, quantum information, and
quantum technology) to ensure we did not miss programs
that may not appear in catalog searches. Course catalogs
were then searched for any courses whose title or descrip-
tion included the word “quantum.” The title, course
number, description, prerequisites, department(s), and level
were recorded for courses that met this condition.
Departments at different institutions were collapsed into
the simplified set reported here according to the scheme
presented in Table VII in Appendix C. Due to the lack of
standardization of course catalogs, prerequisite information
was not always available.

All data were input into a Qualtrics survey to ensure
uniformity and subsequently integrated with the institu-
tional data described above. The aggregate course, pro-
gram, and institutional data form the basis for the analysis
described herein. We present primarily descriptive data
showing distributions across disciplines and institution
types of programs and courses related to quantum and
quantum information science. Observed differences in
these data across categorical variables (e.g., Carnegie
classification and presence of a QISE program) raised
questions about whether the differences were significant. In
these cases, we preformed post hoc y? tests to determine if
the observed differences are statistically significant, the
details of which can be found in Table XIII in Appendix F.

C. Course categorization

In order to better understand the broader structure of all the
recorded courses, we organized them into three primary
groups. The first was just the set of all recorded courses; this
will be referred to as all courses with quantum throughout the
paper. The second group, labeled “courses with QISE
topics,” included courses that had at least one keyword
associated with QISE topics (see Table VIII in Appendix D).
We also performed a more fine grained classification of all
recorded courses into thematic categories, one of which was
the third group of dedicated QISE courses. The first step in
this categorization involved performing literal string searches
on course titles to group similar courses (e.g., quantum
mechanics, modern physics, quantum computing, quantum
algorithms, etc.). This approach successfully categorized
approximately 90% of courses based on keyword matches in
their titles. The remaining courses were manually catego-
rized by reviewing both the course title and description. Each
course description was then checked to ensure that it belong
to its respective category. This fine-grained classification
resulted in ~140 different categories for the whole set of
~8000 courses. The individual categories were then hier-
archically organized by discipline. This needed to be done for
different disciplines independently due to the fact that

020131-5



A.R. PINA er al.

PHYS. REV. PHYS. EDUC. RES. 21, 020131 (2025)

Core Physics
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» Atomic and Molecular

 Group/Field Theories
« QED
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* Materials

» Computational

* AMO * Quantum Optics
QISE Adjacent « Laser Physics
* Quantum Computing * Quantum Error Correction
Quantum Computing * Quantum Entanglement * Quantum Information
and Information * Quantum Algorithms
QISE « Quantum Electroni .S ducting Circuit
Implementation of Quantum o ecd ronics uperconducting Circuits
Quantum Technology Quantum Hardware
* Quantum Software * Quantum Engineering
* Quantum Simulation * Research/Internship
Other QISE * Quantum Cryptography
* Physical Chemistry * Analytical Chemistry
Chemistry * Inorganic Chemistry * General Chemistry
Other
Miscellaneous

FIG. 1.

disciplines tend to have unique courses that do not align with
courses from other disciplines.

One exception to this was the category of QISE courses,
which across disciplines had quite similar courses. The
physics hierarchy is summarized in Fig. 1. Within the physics
hierarchy there are a few collections of courses we would like
to clarify. The “QISE adjacent” category includes courses
that could easily be included as physics electives, however,
these courses cover material that is directly applicable to
QISE content, and we therefore left them separate to
determine the extent to which they are addressing QISE
content. Within the quantum computing and information
category, there are subcategories with small distinctions.
Quantum computing, information, and error correction
courses all cover quantum computing to some extent; the
difference between courses in these categorizes lies in their
focus. Quantum computing courses exclusively discuss
quantum computing, whereas quantum information courses
mention other applications of quantum technology, such as
quantum communication. Courses on quantum error correc-
tion discuss quantum computing architectures, but focus on
primarily quantum error correction within those platforms.
The implementation of quantum technology category
includes courses that focus on either the hardware necessary
for the realization of different quantum technologies or
methods of controlling quantum systems in electronics.

Hierarchical categorization of courses listed in physics departments. Individual courses were sorted into the categories in the
rightmost column. The categories were then grouped as shown.

Note that the second to last category in the hierarchy is
“Chemistry.” This is a result of either cross-listed courses or
joint departments (e.g., a department of physics and
chemistry).

D. Limitations

The methods discussed above present some inherent
limitations. One of the most salient limitations is our use
of course catalogs and descriptions. Course catalogs at some
institutions are updated infrequently. Course descriptions can
also be vague; this is sometimes intentional to provide
instructors with flexibility but could also be a result of little
attention being paid to them. These factors could lead to
inaccurate data about courses and programs. Since QISE
emerged as a field relatively recently, we believe this is likely
to result in underreporting of courses that include QISE
topics, where course changes have yet to make it into publicly
available course catalogs. This may be particularly true for
special topics courses, which are often listed with just a
general description that may not address the content of the
course at all.

Due to the size of the dataset, binning has been necessary at
different stages of the project, but could result in a loss of some
data resolution. The size of the data set required some use of
computational tools in analysis. Although our use of literal
string searches allowed for a great degree of uniformity in

020131-6



LANDSCAPE OF QUANTUM INFORMATION SCIENCE ...PHYS. REV. PHYS. EDUC. RES. 21, 020131 (2025)

sorting courses and detecting specific topics mentioned in
course descriptions, they cannot account for all potential
misspellings or abbreviations that could be present in any
text. There are packages for inexact matching of strings that are
meant to account for situations like this. This “fuzzy”
matching will be explored in future analysis of the dataset.
Some prior work [45,46] has made use of large language
models in addition to manual classification in an effort to
address the limitations of literal string searches as a classi-
fication tool. We explored use of a similar method in the early
stages of this project but found that had its own shortcomings
(e.g., a stochastic element to the analysis a reliance on arbitrary
tuneable parameters to draw sharp distinctions) which made it
unsuitable for this work. One distinction between this and
prior work is our focus on categorization rather than thematic
analysis (where LLMs have proven more useful [51,52]).

III. RESULTS

We split the results into three distinct sections, each
addressing one of the research questions. Section III A will
address results related to QISE programs. We then go onto
discuss the entire dataset of courses from all disciplines in
Sec. III B. The final set of results will focus on the courses
that are offered in physics in Sec. III C. We have also made all
of these data on courses and programs, as well as a subset of
the analysis presented herein, publicly available [53].

A. QISE programs

In this section, we present results relevant to RQ1: What
are the characteristics of QISE programs in higher educa-
tion across the United States? We will break this presen-
tation into three parts: (i) the characteristics of institutions
with QISE programs, (ii) the disciplines offering programs
and the levels at which those programs are offered, and
(iii) the general entrance requirements for QISE programs.

1. What are the characteristics of institutions
with QISE programs?

Across the sample of 1456 institutions, we have iden-
tified 61 U.S. institutions with 89 distinct QISE programs,

as some institutions have multiple programs (e.g., an
undergraduate minor and a master’s degree). These insti-
tutions, shown in Fig. 2, are split by level of program (BS,
MS, Ph.D.). There are 23 states that do not have a single
institution with a QISE program at any level. The largest
concentration of programs are located in the Northeast
region, Midwest (centered around Chicago), and Southern
California. Aside from California, there is a notable lack of
undergraduate programs in the western U.S. Ph.D. pro-
grams, in comparison to both undergraduate and masters
level programs, are fewest in number, and narrowest in
geographic distribution. Consistent with results from
Meyer et al. [40], the more rural parts of the United
States are notably lacking access to QISE programs.

Among institutions with QISE programs, 54 are Ph.D.
granting, 5 are master’s granting, 2 are four-year, and none
are two-year institutions. Ph.D.-granting institutions make
up only 25% of our sample of 1458 institutions, yet they
account for 89% of those offering QISE programs.
Additionally, the majority of the Ph.D.- granting institu-
tions offering QISE programs hold Carnegie classifications,
including either “Very high research activity” or “High
Research Activity” (i.e., R1 and R2). This higher likelihood
of finding QISE programs at Ph.D.- granting institutions,
and especially research-intensive institutions, aligns with
the findings of prior landscape studies [39,40].

MSIs in this sample are also significantly less likely to
offer QISE programs; only 16 of the institutions with QISE
programs are MSIs, despite there being 711 MSIs nation-
wide, all of which were included in our sample. Notably,
14 of these are classified as research-intensive, reinfor-
cing the idea that institutional resources strongly influence
QISE program availability, regardless of MSI status.
Additionally, all MSIs with QISE programs are enroll-
ment-based HSIs.

2. What are the levels of instruction of these programs
and what disciplines are offering them?

We examined QISE programs at the intersection of
academic level and discipline, as shown in the heatmap

Program Level: @ Undergraduate

@ Postbaccalaureate or Master's

@ Doctoral

FIG. 2. Maps of postsecondary institutions in the United States with QISE programs. Each map includes all program types identified
in this study (full degrees, certificates, minors, or tracks/concentrations/emphases) at their respective levels (undergraduate, post-

baccalaureate or master’s, and doctoral).
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FIG. 3. Heatmap showing the details of different QISE pro-
grams in the United States. The vertical axis has information on
the level and type of program being offered. The horizontal axis
labels the discipline in which the program is offered.

in Fig. 3. QISE programs are predominantly interdiscipli-
nary (38), with significant contributions from physics (24)
and electrical and computer engineering (11). Most QISE
programs are offered at the graduate level, with no
associate’s degrees, 8 bachelor’s programs, 24 master’s
programs, and 10 Ph.D. programs.

We identified 11 bachelor’s-level and 1 Ph.D.-level QISE
minor. Minors are the most accessible QISE program type, as
they allow students from various majors to enroll. In contrast,
tracks, concentrations, foci, and emphases are structured
within specific majors and require a defined set of QISE-
related courses. We identified 10 bachelor’s-level, 6 master’s-
level, and 1 Ph.D.-level program of this type. Unlike minors,
these program structures are limited in reach since they are
restricted to students within a particular major.

Across both undergraduate and graduate levels, there are
16 different certification programs focused in QISE. They are
largely focused on coursework and aim to provide partic-
ipants with a base level of QISE knowledge upon which a
deeper understanding or practical skills could be built.

3. What are the requirements to enter a QISE program?

For some QISE-specific programs, admission require-
ments closely resemble those of traditional postsecondary
education programs. For bachelor’s programs in QISE,
students must first gain admission to the institution and, in
some cases, to the specific major. However, there are
generally no additional requirements beyond those necessary
for other majors at the institution. For both undergraduate and
graduate tracks or concentrations, students must typically be
majors in the department offering the program. Minors, on
the other hand, often accept students from a variety of major
programs. Master’s and Ph.D. programs in QISE are

generally limited to applicants with an undergraduate
STEM degree. Their admission application materials align
with those of other graduate programs, typically including a
CV, letters of recommendation, and standardized test scores,
such as the GRE or English proficiency exams.

B. Quantum and QISE in all recorded courses

This section presents results relevant to RQ2: What is the
distribution of courses that include quantum and/or QISE
across different disciplines, modalities, and institution
types? We recorded 8456 total courses whose title or
description includes the word quantum. The courses will
be discussed in three groups: (i) courses including quantum
(i.e., all courses in the data), (ii) the subset of courses with
descriptions containing QISE topics, and (iii) the subset of
courses dedicated to QISE. This is followed by a discussion
of the modalities of different courses in the sample, and the
section ends with a discussion of course availability.

1. What disciplines are covering “quantum”
in their courses?

A summary of the disciplines with courses whose titles
or descriptions contain quantum is shown in Fig. 4 (left).
This plot reports the number of courses that were listed in
each discipline.

Cross-listed courses are counted multiple times in this
representation, as it is often unclear which department
should be considered primary. As a result, the total count in
the leftmost plot sums to 8652 rather than the 8456 unique
courses recorded.

We present a more detailed analysis of the approximately
4700 physics courses—comprising nearly 60% of all
recorded courses—in Sec. III C. Notably, 1994 courses
(24%) originate from chemistry and biochemistry depart-
ments, making this the second-largest discipline with
courses mentioning quantum concepts.

Overall, most recorded courses are at the undergraduate
level. However, outside of physics and chemistry, most
disciplines offer more graduate-level than undergraduate
courses on quantum topics. ECE and computer science,
for example, are both significantly more likely to offer
quantum-related courses at the graduate than undergraduate
levels when compared to physics. This suggests that, while
quantum-related instruction is concentrated in undergraduate
physics and chemistry courses, other fields are more likely to
introduce quantum concepts primarily at the graduate level.

2. What subset of courses covers QISE topics?

Figure 4 (center) shows the number of courses in
different disciplines that had QISE topics specifically
mentioned in their course descriptions. Many of these
courses are not specifically about QISE and may vary
considerably in the extent to which they cover QISE; these
courses do have at least one of the QISE keywords
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FIG. 4. Three plots showing the number of courses, from different subsets of the data, offered within different disciplines. “All courses
with quantum,” refers to the entire dataset. “Courses with QISE topics” refers to the number of courses whose descriptions contained a
QISE keyword (recall that quantum is not a QISE keyword; QISE is a narrower category than quantum). QISE courses were categorized
based on their titles and descriptions and were determined to be focused on primarily QISE content. Numerical Values for these bars can

be found in Table IX in Appendix E.

(e.g., quantum computing) listed in Appendix D. Although
physics remains the single largest group of courses with
QISE content, electrical and computer engineering and
computer science play increasingly prominent roles, while
chemistry plays a comparatively smaller role. Computer
science and electrical and computer engineering courses
with quantum cover QISE topics at significantly higher
rates than most other disciplines as well. Approximately
82% of computer science courses and 30% of electrical and
computer engineering courses recorded cover QISE topics.
In physics, approximately 10% of courses with quantum
include some QISE topics in their course descriptions. Only
about 2% of chemistry courses that mention quantum
contain QISE topics in their descriptions. This is the
smallest proportion of courses covering QISE topics to
courses mentioning quantum from any discipline.

3. What subset of recorded courses is specific to QISE?

Across all disciplines, we have identified 529 distinct
QISE courses (about 6% of all recorded quantum courses).
The distribution of these courses among disciplines is shown
in Fig. 4. These courses are offered primarily in physics,
computer science, and electrical and computer engineering.

A similar trend appears in the targeted level of instruction
for dedicated QISE courses as for courses containing

quantum generally. Dedicated QISE courses in ECE remain
significantly more likely to be offered at the graduate level
than dedicated QISE courses in physics. This trend does not,
however, persist for dedicated QISE courses in computer
science.

By comparing the total number of quantum courses in each
discipline to the number of QISE-specific courses, we can
assess the relative prevalence of QISE within different fields. In
computer science, for example, 49% of courses that mention
quantum in their title or description are QISE-focused. This
proportion is 23% for both mathematics and electrical and
computer engineering. Although physics is the largest con-
tributor to QISE course offerings, significantly fewer courses
covering quantum are specifically QISE-focused (5%) com-
pared to both electrical and computer engineering and computer
science. Notably, chemistry is almost entirely absent from QISE
course offerings; only 5 of the nearly 2000 recorded chemistry
courses are classified as QISE-focused.

The most common QISE courses focus on quantum
computing and quantum information, accounting for 418
out of 514 recorded courses. Courses on the implementation of
quantum technology form the next largest category, with 70
courses. All other QISE course categories (see Fig. 1) have
fewer than 15 individual courses, highlighting the strong
emphasis on computing and information within QISE
education.
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4. What courses that mention quantum contain
a lab component?

In our dataset, we have identified 359 courses that
contain a lab component or are full lab courses. To identify
these courses, we searched course titles and descriptions
for keywords such as “lab-” (a stem for laboratory) and
“exp-” (a stem for experiment/al) to flag potential lab
courses. These courses were then manually analyzed to
confirm their lab status and to identify for QISE topics (i.e.,
those shown in Fig. 6), and any course containing at least
one such topic was tagged as QISE.

Lab courses without QISE topics primarily covered
concepts typically associated with theory-based instruction,
such as measurement, wave-particle duality, and tunneling.
These were predominantly introductory physics and chem-
istry courses, as well as physical chemistry and modern
physics courses. The identified lab courses spanned a wide
range, from introductory undergraduate courses to gradu-
ate-level offerings.

There were only 18 labs or courses with labs that
contained experiments relevant to QISE. Of these, 13 were
offered in physics departments, two of which were co-listed
with electrical and computer engineering, and one of which
was co-listed with an optics department. Other QISE lab
courses were offered in electrical and computer engineering
(2, 1 co-listed computer science), Optics (1), and dedicated
QISE programs (2).

Five of these courses were explicitly focused on quantum
computing. Titles ranged from “Introduction to Quantum
Computation,” to “Experimental Methods in Quantum
Computing.” The foci of courses with experimental
QISE components varied somewhat. Some courses focused
on experiments that utilized or demonstrated the funda-
mental quantum physics used in quantum computation,
such as entanglement, superposition, and measurement.
Others emphasized primarily giving students hands-on
experience with various quantum computing hardware
platforms, such as single photons, electron spins (nitrogen
vacancy centers in diamond), and superconducting qubits.
One quantum computing lab description emphasized pro-
viding students with experience working with some tech-
nologies that can enable quantum computing, such as high-
performance analog electronics and cryogenic and vacuum
techniques. Cryogenic and vacuum techniques were also

TABLE II.
broken down by MSI status and Carnegie classification.

prominently featured in the description of a more general
course titled “Quantum Technology Systems.”

Optical techniques for quantum technology were present
in the descriptions of seven of the QISE courses with lab
components, two of which were also among the quantum
computing-focused labs. Two other lab courses had some-
what general titles (“Quantum Lab” and “Experimental
Quantum Information”). Another of these courses,
“Quantum Photonics and Communications,” discussed
having students assemble and test a commercially available
quantum-encrypted networks based on entangled photon
pairs. There were additionally two courses on “Quantum
and Nano Optics” that, in addition to discussing the use of
optical methods for realizing quantum technologies, also
discussed applications such as biotech and medicine. Other
common topics among the courses with optical techniques
in their descriptions included lasers, ion trapping, entan-
glement, and single photon measurements.

Finally, one two-semester course sequence, while not a
traditional lab course, is designed to give students first-
hand experience with the quantum industry (see Ref. [34]).
This is achieved through partnerships with local industry
collaborators on a industry-defined experimental project.

5. How available are quantum courses?

Across the whole sample, we found 484 (33%) institu-
tions that do not have a single course whose title or
description mentions quantum. A cross tabulation of those
institutions’ MSI statuses and Carnegie classifications is
shown in Table II. Approximately 40% of MSIs lack any
courses with a title or description mentioning quantum,
compared to 24% of non-MSlIs in this sample. Additionally,
56% of two-year institutions and 44% of four-year institu-
tions offer no courses that reference quantum topics. How-
ever, it is important to note that many two-year institutions
were included in the sample due to our MSI criterion, which
may have resulted in overrepresentation of two-year insti-
tutions. Approximately 18% of master’s-granting institutions
and 4% of Ph.D.-granting institutions do not have any
courses mentioning quantum. Across all four of these
Carnegie classification groupings, a y” test revealed that
there is a statistically significant difference (p < 0.00001)
between the number of institutions with and without courses

Number of institutions with no courses whose title or description contained quantum. The counts are

Carnegie MSI-No MSI-Yes Sum % of institutions in sample
Two-year 111 173 284 56%
Four-year 37 82 119 44%
Master’s 35 27 62 19%
Ph.D. 12 7 19 4%
Sum 195 289 484 e
% of institutions in sample 40% 24% . 33%
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TABLE IIIl. Mean number of courses containing quantum at an
institution of a given Carnegie classification and MSI status.
Carnegie MSI Non-MSI
Ph.D.-granting 16 16
Master’s 4 4
Four-year 2 3
Two-year 1 1

mentioning quantum, and the corresponding Cramers V
(V = 0.413) indicates a medium effect size. While it may
seem surprising that some Ph.D.-granting institutions lack
courses with quantum in their title or description, several
factors could explain this. Some universities offer primarily
STEM bachelor’s degrees, but have graduate programs only
in a limited number of non-STEM fields. Similarly, other
institutions have a small selection of STEM majors or a
limited number of academic programs overall.

A total of 179 institutions (12% of our sample) offer only
one course with quantum in its title or description. These
courses are distributed as follows: 40 (22%) in general
physics, 31 (17%) in modern physics, 25 (14%) in general
chemistry, 22 (12%) in physical chemistry, 20 (11%) in
quantum mechanics, and a single course (0.6%) in intro-
ductory quantum computing. The remaining 25% include
courses in nuclear physics, atomic physics, special topics, or
imaging.

Level

Core Physics

Physics Electives |.

QISE

Misc

QISE Adjacent

Chemistry
o 0 90
% %
Number of Physics

Courses with "quantum"

FIG. 5.
XI in Appendix E.

Undergraduate

On average, non-MSIs offer 7.4 courses mentioning
quantum, while MSIs offer an average of 3.9 per institution.
However, this difference is less pronounced when compar-
ing institutions within the same Carnegie classification (see
Table III).

Of the 13 QISE-focused courses with lab components
offered in physics departments, 11 of them are at Ph.D.-
granting institutions, 1 is at a master’s-granting institution,
and another is at a four-year institution. This highlights a
potential barrier to the implementation of QISE lab work.
The cost to implement a QISE lab may place them out of
reach of lower-resourced institutions. We suspect that these
offerings are dictated in large part by the resources (funding,
space, and time) and available faculty expertise of the
institutions in which they are housed.

C. Physics courses

In this section, we will address RQ3: Within physics
departments, in what ways does the distribution by level,
modality, and type of course vary for quantum and QISE
topics? To address RQ3, we examined the subset of
recorded courses that were listed in physics departments.
These courses are grouped into categories (as discussed in
Sec. II) and examined for which QISE topics are being
taught. We also report on the prerequisites for QISE courses
listed in physics departments, as well as the availability of
the recorded physics courses generally.

B Graduate

B Dual Level

N o R Z Z >
000 0 % S %

Number of Physics
Courses with QISE Keywords

Number of physics courses of different types at different levels. Numerical values for these bars can be found in Tables X and
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1. What types of physics courses include quantum?

We identified 4740 quantum courses listed in physics
departments, of which ~4.5% (214) are QISE courses.

A summary of the number of each course type at different
levels can be seen in Fig. 5. Within the set of physics courses
mentioning quantum, 3229 (~70%) fit into the category we
refer to as the core physics curriculum. Core physics courses
are defined as courses that most physics majors would take at
either the graduate or undergraduate level (introductory
physics, modern physics, classical mechanics, electricity
and magnetism, statistical mechanics/thermodynamics, and
quantum mechanics). Approximately 50% of the core
physics courses that mention quantum are quantum mechan-
ics and ~20% are modern physics. Another 20% of courses
were categorized as physics electives, which may not be
offered at every institution and are likely not taken by all
physics majors at those institutions where they are offered.
These courses include topics such as group and field theories,
physics of materials, nuclear and particle physics, optics,
computational physics, space science, nano-, physics of
devices, atomic and molecular, biophysics, as well as more
specialized topics (chaos theory, information theory, and
QED). We also categorized miscellaneous physics courses,
which include courses intended for nonmajors, seminars, and
special topics courses. These courses could not be assigned to
more specific categories due to their broad scope or lack of
detailed descriptions.

Finally, similar to the trend seen in the set of all QISE
courses (see Sec. III B 3), the majority of QISE courses
listed in physics are focused on quantum computing and
information (179/214). Courses on the implementations of
quantum technology represent the next largest group (23/
214), and there are fewer than 5 courses from each of the
remaining types (see Fig. 1).

2. What types of physics courses include QISE topics?

To identify QISE topics in course descriptions, we began
by using the collection of the most common topics found in
introductory QIS courses, as identified by Meyer et al. [41].
Any topic reported in at least 50% of the courses in the
Meyer et al. [41] study was included in the list of topics to
search for in course descriptions. This search was con-
ducted by looking for exact matches of specific words or
phrases in the course descriptions.

A summary of the number of courses of each type
separated by level is presented in Fig. 5. In addition to
the 186 QISE-specific courses that resulted from this search,
254 core physics courses also mentioned QISE topics in their
descriptions. Of these core physics courses, 170 (61%) were
standard quantum mechanics courses; these 170 courses are
11% of the 1545 standard quantum mechanics courses we
recorded. The remaining 39% of core physics courses
consisted of modern physics (13%), optics (8%), statistical
mechanics (3%), and 14 other course types (< 2%) each.

Course Type non-QISE ® QISE

Quantum Information

Advanced QISE Theory

Cryptography

Gates

Qubit
Implementations
Quantum Circuits

Density Matrix

0 50 100 150 200 250
Number of Courses

FIG. 6. Number of QISE and non-QISE courses offered in
physics that include some QISE topic(s) in their descriptions.
Numerical values for these bars can be found in Table XII in
Appendix E.

We also counted the number of courses mentioning spe-
cific QISE keywords from Meyer et al. (see Sec. III C 2), as
shown in Fig. 6. Most topics include multiple related key-
words, which are fully described in Appendix D. This
breakdown highlights several key points. It underscores
the relative exclusivity of certain topics to QISE courses.
For example, quantum algorithms and cryptography are
found almost exclusively in QISE courses. This is particu-
larly notable given that discussions of quantum gates and
advanced theory are also present in many non-QISE course
descriptions. Finally, these findings provide evidence of the
integration of QISE topics into non-QISE courses.

3. What are the prerequisites for QISE courses
in physics?

We were able to access prerequisite information for 133
(61% of 214 total) QISE courses listed in physics at both
the undergraduate and graduate levels. Mathematics and
physics are the two most common prerequisite subjects.
Figure 7 depicts the unique combinations of different
physics and mathematics prerequisites for the 79 under-
graduate QISE courses listed in physics. We did not include
graduate courses in this representation, given the assumed
prerequisite of a four-year degree. In the case of multiple
mathematics or physics prerequisites, this representation
considers only the highest level course requirement from
each discipline. Beyond the mathematics and physics
prerequisites that are shown in Fig. 7, 8 courses have
electrical and computer engineering prerequisites, 13 have
computer science prerequisites, 2 have mechanical engi-
neering prerequisites, and 1 has a chemistry prerequisite.
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FIG. 7. Heatmap showing the number of undergraduate QISE
courses offered in physics with different combinations of physics
and mathematics prerequisites. Both axes are organized by level
of sophistication of the prerequisites with the lowest levels at the
top row and leftmost column.

There are a few notable features of Fig. 7. Courses with no
physics prerequisite (top row) and/or no math prerequisites
(left column) are particularly interesting. There are 4 under-
graduate courses with no mathematics or physics prerequi-
sites, and an additional 19 courses with some mathematics
prerequisites and no physics prerequisites. These courses
could be indicative of efforts to introduce students to QISE
topics earlier in their undergraduate education [54]. This
interpretation is supported by the data on course numbers,
which showed that among these 79 undergraduate courses,
26 had course numbers that would imply they are introduc-
tory (e.g., course numbers beginning in 100- or 200-level or
1000- or 2000-level depending on the institution).

Similarly, several courses do not require mathematics
above calculus III (13 courses) or physics beyond intro-
ductory physics (16 courses). We must note, however, that
although a course may not list a mathematics or physics
prerequisite explicitly, some prerequisites may be “hidden.”
For example, a QISE course may require quantum mechan-
ics, but not have a specific mathematics prerequisite. In
such cases, the quantum mechanics course (or its associated
prerequisites) could have involved more advanced math-
ematics, such as differential equations or linear algebra.
The most common physics and mathematics prerequisites
are quantum mechanics and linear algebra, respectively.
Approximately 22% (17/73) of QISE courses require
quantum mechanics, and 27% (21/79) of QISE courses
require linear algebra.

4. What is the availability of physics courses that include
quantum and QISE topics?

One way we can measure the availability of courses is by
averaging the number of courses across institutions. In this
case, we averaged the number of physics courses that include
quantum at institutions of a given Carnegie classification. A

TABLE IV. Average number of courses offered per institution
in physics departments. QM refers to any course with a title or
description that includes quantum. QISE refers to any course with
a course description that includes one or more of the QISE topics
in Fig. 6.

Institution type QM QISE
Two-year 0.51 0.01
Four-year 1.43 0.12
Master’s 2.42 0.14
Ph.D. 8.63 1.13

summary of this analysis can be found in Table IV. This
metric gives some indication of how accessible these topics
are to students at different institution types.

Roughly half of two-year institutions offer a physics
course that mentions quantum. However, only about 1 in 100
two-year institutions have physics courses that address QISE
topics. Four-year institutions, on average, offer between 1
and 2 courses that mention quantum, with only about 1 in 10
offering a course that covers QISE topics. Master’s-granting
institutions typically offer between 2 and 3 courses that
mention quantum, and, similarly, about 1 in 10 include a
course on QISE topics. Ph.D.-granting institutions, on
average, have more than 8 physics courses that mention
quantum and at least one course that covers QISE topics.

When we examine physics courses with quantum
courses by level, we see that there are overall more
undergraduate than graduate courses. This trend is particu-
larly striking in core physics courses, where over two-thirds
of the ~3200 are at the undergraduate level (see Fig. 5).
This trend is similar for physics courses with QISE key-
words, where approximately two-thirds of them are at the
undergraduate level. This is likely to be, at least in part, due
to the fact that approximately half of the institutions in the
sample do not offer graduate coursework at all; however, it
does help demonstrate the extent to which both quantum
and QISE are being integrated at the undergraduate level. In
fact, the abundance of undergraduate courses persists if we
look only at Ph.D.-granting institutions, where 2746 of
5409 courses in our sample (50.1%) are at the undergradu-
ate level.

IV. SUMMARY AND DISCUSSION

This work aims to address three broad research ques-
tions. Here, we synthesize our results and discuss how
collectively the outcomes of the analysis help to answer
these questions.

A. RQ1: What are the characteristics of QISE
programs in higher education across the United States?

We examined 1456 degree-granting institutions in the
United States, which encompassed all research-intensive
institutions, all MSIs, all institutions with relevant ABET
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accreditation, and the institutions that grant the most STEM
degrees relevant to QISE within each state. We identified
61 institutions with QISE programs; this is an increase from
the 34 institutions identified by Meyer et al. [40]. All
institutions identified as having QISE programs in Meyer
et al. [40] were also identified in this study, with the
exception of one, which has stopped being offered between
their data collection (2019 and 2020) and our data (summer
2024). It is difficult to determine the extent to which this
represents actual growth in the number of QISE programs
being offered over time, or if it is a result of searching a
wider range of institutions. We suspect that it is a
combination of both of these factors.

Consistent with previous findings, we found that QISE
programs are significantly more likely to be found at
research-intensive institutions by Carnegie Classification
(52/61 institutions). Only about 3% of MSIs have QISE
programs compared to 6% of non-MSIs. Meyer et al.’s
regression analysis suggests that the presence of QISE
programs is largely explained by having access to more
institutional resources [40]. They also note, and we agree,
that while this may be the case, it does not mitigate the
impact on students’” access to QISE programs.

Of the 89 individual programs offered between these
institutions, the largest group of them is interdisciplinary,
typically involving combinations of physics, electrical and
computer engineering, and computer science. This suggests
that the field of QISE may be shifting from purely physics
to a broader range of disciplines. This is further evidenced
by electrical and computer engineering, which, at both the
undergraduate and master’s level, is the second largest
single field contributing to programs. Across the various
program types, there are 34 QISE programs offered at the
undergraduate level, which compares to ~39 programs
offered between master’s and Ph.D. levels. This may be
indicative of institutions working to make QISE more
accessible to students and address calls to support students’
transition to the QISE workforce.

B. RQ2: What is the distribution of courses that include
quantum and/or QISE across different disciplines,
modalities, and institution types?

Across all institutions, we identified 8456 courses with
quantum in their title or description. Although more than
half of these came from physics, there were also nearly
2000 courses from chemistry departments. When we
focused on QISE-focused courses, we saw a different
distribution. The majority of QISE courses were taught
in physics, computer science, and electrical and computer
engineering. Despite the potentially significant implica-
tions of quantum computing and other quantum technol-
ogies on fields like chemistry, we identified only five QISE-
specific courses being offered in chemistry. For a consid-
erable number of institutions, the only access students
have to quantum is through their chemistry coursework.

This implies that chemistry could be leveraged as a way to
introduce a greater variety of students to QISE topics.

Different disciplines are also more likely to teach
quantum at different levels. Courses that include “quan-
tum” in physics are significantly more likely to be offered at
the undergraduate level when compared to ECE and
computer science. Similarly, dedicated QISE courses
offered in ECE are significantly more likely to be offered
at the graduate level than those in physics. Although
physics includes quantum in more courses than ECE and
computer science combined, when ECE and computer
science do include “quantum” in their courses, the course
is significantly more likely to include or be dedicated
to QISE.

We also examined the modality of QISE courses and found
that very few include QISE lab components. While industry
needs include many experimental skills and knowledge [37],
the fact that the ~98% of QISE courses have only theoretical
components suggests a potential gap between educational
offerings and job-relevant knowledge and skills. Addressing
this gap is a complex challenge. Hands-on QISE labs can be
resource intensive, and there is currently a lack of adaptable
course materials for new courses to build from. These scarce
QISE lab courses are also very disproportionately repre-
sented at non-MSI schools and schools with graduate
programs. Again, since experimental skills are regarded as
an important qualification for the industry workforce [37],
this unequal distribution suggests that our two-year schools
and our MSIs may be leaving certain populations at an
increased disadvantage when it comes to participating in the
QISE workforce. There is a potential need for the develop-
ment of modular, affordable QISE lab activities that could be
deployed at lower-resourced and teaching-focused
institutions.

The emerging nature of the field, coupled with the
absence of shareable course materials, often makes
hands-on QISE education resemble academic research
more than laboratory instruction and is thus not scalable
to engage a large number of students. This is further
evidenced by the diversity of topics and experiments in the
limited number of QISE lab courses we identified, under-
scoring the need for greater accessibility in experimental
quantum education through scalable lab courses.

The availability of courses teaching quantum and QISE
varies noticeably with certain institutional characteristics.
Consistent with the results of Meyer et al. [40], our data
show that QISE coursework is highly concentrated in
Ph.D.-granting institutions. One third of institutions, com-
posed primarily of two- and four-year institutions, do not
have a single course that mentions quantum. Although
initiatives such as the NQI Act [1], the QIST Workforce
Development NSP [2], and the CHIPS and Science Act [3]
aim to strengthen the quantum workforce, these data
suggest that a crucial intermediary step is expanding access
to quantum-related coursework.
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C. RQ3: Within physics departments, in what ways
does the distribution by level, modality, and type of
course vary for quantum and QISE topics?

Among courses identified in this study, physics depart-
ments offer more courses covering quantum-related content
than all other disciplines combined, which is unsurprising
given that quantum mechanics plays a central role in
contemporary physics curriculum, as evidenced by its
presence across a variety of course types across and levels.
Within physics, there are more non-QISE courses covering
topics relevant to QISE than there are dedicated QISE
courses. Most of these non-QISE courses are a part of the
core curriculum for physics majors (bachelor’s degree),
such as modern physics (often taken in year 2) and quantum
mechanics (often taken in year 3 or 4). Even if an institution
cannot dedicate the resources to develop or implement an
entire course in QISE, there is the possibility of imple-
menting QISE content into existing courses. Some of the
most common QISE topics/keywords included in non-
QISE course descriptions are related to quantum gates,
entanglement, quantum information, and quantum comput-
ing. This is consistent with Buzzell et al’s findings that
quantum computing was a common topic referenced in
syllabi for quantum mechanics courses [45].

The alignment between core physics coursework and
QISE topics raises questions about how prerequisite struc-
tures shape students’ access to dedicated QISE courses.
Prerequisite data we have on QISE courses within physics
can be broken into three primary categories. The first group
comprises QISE courses that do not have any physics
prerequisites (23 courses). A comparable number only
require introductory or modern physics (26 courses). At
the other end of the spectrum, 23 courses require either
quantum mechanics or another QISE course. While quan-
tum mechanics still serves as a gateway to QISE in some
cases, the distribution of prerequisites suggests a growing
effort to make QISE instruction more accessible to a
broader range of students.

V. CONCLUSION

This work contributes to a broader effort to develop a
more comprehensive picture of the current landscape of
quantum and QISE courses and programs in higher
education. We hope that by making these data publicly
available, instructors, program and course developers,
employers, and policy makers will be able to identify
where QISE education is present and where more directed
investment and development are necessary.

While the number of QISE programs in the United States
is increasing, they remain concentrated in research-inten-
sive institutions and specific geographic regions. QISE
programs are inherently interdisciplinary, drawing from
physics, engineering, computer science, and other fields.
Notably, disciplines outside of physics have already begun

creating dedicated QISE courses or incorporating QISE
topics in existing courses. Given the interdisciplinary
nature of QISE, physics departments have a unique
opportunity to offer introductory QISE courses as service
courses for STEM majors across the university. In the
absence of dedicated course offerings, computer science
and electrical and computer engineering programs are
particularly well positioned to integrate QISE content into
existing curricula, thereby serving as models for effective
curricular incorporation across disciplines.

For institutions where developing new QISE courses is
not feasible, embedding QISE content into existing
courses, such as modern physics, offers a practical alter-
native. This strategy could significantly expand access to
QISE education, particularly at two- and four-year insti-
tutions, helping to broaden participation in the field.

VI. FUTURE WORK

As the data presented here represent a single point in
time, it would be useful to be able to update the data set to
understand how the education landscape is changing. One
significant barrier to updating this dataset in the future for
repeat analysis is the hundreds of person-hours required for
the manual web scraping. There could be potential in the
future to explore the utilization of different Al platforms for
web scraping.

Some limitations of this work stem from the constraints
of publicly available data and the inferences that can be
drawn from it. To gain a deeper understanding of the QISE
education landscape, qualitative data, such as interviews
with faculty and program developers, could provide valu-
able insights into the challenges and opportunities they
encounter in developing and implementing these programs.

Even when QISE courses are available, it remains
unclear how well current academic structures prepare
students for careers in government and industry. Our future
work will explore perspectives from both educators and
industry members to identify alignment between workforce
needs and educational goals. By fostering this synergy, we
aim to support a more vibrant QISE educational ecosystem.
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APPENDIX A: CARNEGIE SIMPLIFICATION

TABLE V. Broad categories created from grouping Carnegie classifications. Due to the large number of individual Carnegie
classifications, we combined them to create four broader categories. The details of which Carnegie classifications are in which simplified
category are here.

Ph.D.-granting institutions e Doctoral universities: Very high research activity (R1)
e Doctoral universities: High research activity (R2)
e Doctoral/professional universities

Master’s colleges and universities e Master’s colleges and universities: Larger programs
e Master’s colleges and universities: Medium programs
e Master’s colleges and universities: Small programs

Four-year institutions e Baccalaureate colleges: Arts and sciences focus
e Baccalaureate colleges: Diverse fields
e Special focus four-year: Faith-related institutions
e Special-focus four-year: Engineering and other technology-related schools
e Baccalaureate/associate’s colleges: Mixed baccalaureate/associate’s

Two-year institutions e Associate’s colleges: Mixed transfer/career and technical-high nontraditional
e Associate’s colleges: High career and technical-mixed traditional/nontraditional
e Associate’s colleges: Mixed transfer/career and technical-mixed traditional/nontraditional
e Associate’s colleges: Mixed transfer/career and technical-high traditional
e Associate’s colleges: High transfer-high nontraditional
e Associate’s colleges: High career and technical-high nontraditional
e Associate’s colleges: High transfer-mixed traditional/nontraditional
e Associate’s colleges: High transfer-high traditional
e Special focus two-year: Health professions
e Baccalaureate/associate’s colleges: Associate’s dominant

APPENDIX B: FULL INSTITUTIONAL CHARACTERISTICS OF SAMPLE

TABLE VI. This table shows the most granular breakdown of the overlap between institutional characteristics in our sample. With the
information in this table, one should be able to determine the number of institutions in the sample meeting any number of our selection
criteria.

Institutional characteristics

Simplified Carnegie MSI Top 10 bachelor’s Top 5 associate’s ABET Accredited CS or Engineering Number of institutions

Four-year No No No Yes 58
Yes No 5

Yes 2

Yes No No 34

Yes 18

Yes No 4

Yes 1

Yes No No No 123
Yes 11

Yes No 1

Yes 1

Yes No No 6

Yes 2

Yes No 2

Yes 1

(Table continued)
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TABLE VI. (Continued)

Institutional characteristics

Simplified Carnegie MSI Top 10 bachelor’s Top 5 associate’s ABET Accredited CS or Engineering Number of institutions

Master’s No No No Yes 91
Yes No 3

Yes No Yes 61

No 35

Yes Yes 10

No 7

Yes No No No 76
Yes 34

Yes No Yes 14

No 7

Yes Yes 1

Ph.D. granting No No No Yes 61
No 15

Yes No Yes 170

No 19

Yes Yes 5

No 3

Yes No No Yes 29
No 23

Yes No 1

Yes No Yes 49

No 4

Two-year No No No Yes 35
No Yes No 130

Yes 17

Yes No No No 266
Yes 12

Yes No 39

Yes 7

Yes No No 2

Yes No 1

Yes 1

APPENDIX C: DISCIPLINE BINNING

TABLE VII. Thematic groupings of Department/discipline categories. Department/discipline names are not consistent across different
institutions, so binned similar departments according to the scheme in this table. The left column are the disciplines reported on in the
body of the paper. The right column reports the individual departments/disciplines included in the larger discipline according to how
they are reported in the course catalogs where we retrieved the course information.

QISE-specific e Quantum science and technology e Quantum science and engineering
e Quantum materials science and engineering e Quantum information sciences
e Quantum computing

Physics e Engineering physics e Physics and engineering physics
e Biophysics e Applied physics and mathematics

e Applied and engineering physics Physics for educators

e Applied physics e Health physics

e Physical science e Physics and engineering
e Applied physics and materials science e Physics and chemistry
e Physics and energy science

(Table continued)
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TABLE VII. (Continued)

Chemistry and biochemistry

Computer science

ECE

Mathematics

Materials science
(and engineering)

Other engineering

Chemistry and biochemistry
Biochemistry and cellular and molecular
biology

Biochemistry

Security studies

Cyber operations and resilience
Systems engineering
Informatics

Information systems

Software and societal systems
Data and computational science
Data science

Applied computation

Computer and information science
Geographic information systems
Networking technology

Cyber systems

Electrical and computer engineering
Electrical engineering

Computer engineering

Computer science and engineering
Electrical engineering and computer science
Computer systems engineering

Electrical and electronics engineering
Electromechanical Engineering technology
Computer engineering computer science

Mathematics

e Mathematics—discrete

Committee on computational and applied
mathematics

Materials science and engineering
Material engineering

Material science

Materials design and innovation
Materials science, engineering, and
commercialization

Microelectronic engineering
Mechanical engineering
Bioengineering, nanoengineering
Mechanical and aerospace engineering,
nanoengineering

Mechanical and aerospace engineering
Nanoengineering, chemical engineering
General engineering

Applied science engineering-Davis
Mechanical and aeronautical engineering
Mechanical engineering technology
Engineering and applied science
Chemical and biomolecular engineering
Chemical engineering

Engineering introduction

Biochem and molecular biology

e Pharm chem sciences

Chemical and environmental science

Security studies

Cyber operations and resilience
Systems engineering
Informatics

Information systems

Software and societal systems
Data and computational science
Data science

Applied computation

Computer and information science
Geographic information systems
Networking technology

Cyber systems

Electrical engineering and computer science
Electrical, computer, and biomedical
engineering

Electronics engineering

Electrical and electronic engineering
Electrical, computer, and systems engineering
Intelligent systems engineering department
Electrical and systems engineering
Electrical engineering, Mechanical
engineering

Applied mathematics

e Applied and computational mathematics

Mathematics, science and technology

Mechanical and material science
Materials and nanotechnology

Science of advanced materials
Materials and biomaterials science and
engineering

Chemical and materials engineering

Aerospace engineering
Interdisciplinary engineering
Metallurgical and materials engineering
Industrial engineering

Engineering and environmental science
Biomedical engineering

Aeronautics and astronautics
Mechatronics engineering

Photonics and optical engineering
Nanoscience and biomedical engineering
Engineering and technology

Nuclear engineering

Nuclear engineering and radiological
sciences

Microsystems engineering

020131-18
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TABLE VII. (Continued)

Miscellaneous STEM

Biotechnology

Science

Nanoscale science

Optical sciences

Applied science and technology
Nanoscience technology center
Optics and photonics
Radiological sciences
Biological sciences, bioinformatics
Environmental science

Cell and molecular biology
Natural sciences

e Wond’ry Center for Innovation
e Biology

e Biosciences

e Vision science

e Marine sciences

e Energy studies

e Academy of integrated science
e Continuing medical education
e Earth systems

e Technology management

e Interdisciplinary science

e Medical imaging

Geology e Nuclear medicine technology
Marine geoscience e Certified nurse anesthesia
Astronomy e Studies in science, technology, and faith
Electro-optics
Non-STEM e Philosophy e Public policy
e History e Communication
e Doctor of business administration e Religion
e Logic and philosophy of science e Religious studies
e Political science e History and philosophy of science
e Creative studies e Management
e Music therapy e Theology, philosophy
e Curriculum and instruction, school of e Public and urban policy
education
e Liberal studies—Human values
APPENDIX D: KEYWORDS FOR QISE TOPICS
TABLE VIII. Keywords that were searched for in course descriptions. The left column keywords correspond to

the QISE topics referenced throughout the paper. The right column lists all keywords included in the individual
topics from the left column that were simplified for clarity in the figures. The lines spanning both columns are
standalone for these purposes and appear in full in the body of the paper.

Topic discussed in paper

Individual keywords that makeup topic in searches

Gates

Algorithms

Cryptography

e Gates

e CNOT

e Hadamard
e Pauli

e Swap

e Toffoli

Algorithms
Deutsch

Grovers algorithm
Shors algorithm
Simons problem
Bernstein

o Cryptography

e Teleportation

e Key distribution
e QKD

e Superdense

(Table continued)
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TABLE VIII. (Continued)

Topic discussed in paper Individual keywords that makeup topic in searches

Implementations e Implementations
e Superconducting qubits
e Trapped ions
e Jon trapping
e Quantum sensing
e Quantum devices
e Quantum hardware

Advanced QISE Theory e NCT
e EPR
e Bells inequality
e Decoherence
e Quantum error
e Heisenberg uncertainty
e Open quantum systems

Qubit
Entanglement
Quantum circuits
Quantum computing
Quantum information

APPENDIX E: NUMERICAL VALUES FROM FIGURES IN BODY OF PAPER

TABLE IX. Values corresponding to Fig. 4.

All courses Courses with QISE topics QISE courses
Discipline UG DL G UG DL G UG DL G
QISE-specific 0 0 33 0 0 17 0 0 28
Physics 2874 312 1554 253 51 186 96 34 84
Chemistry and biochemistry 1316 151 517 18 1 18 3 0 2
ECE 173 87 335 48 25 94 26 25 84
Materials science (and engineering) 59 24 112 5 0 12 0 0 4
Other engineering 9% 42 156 16 5 24 0 0 0
Computer science 101 30 128 87 27 98 49 22 57
Mathematics 54 26 68 22 13 19 10 8 14
Non-STEM 108 17 51 13 2 16 0 0 0

TABLE X. Values corresponding to Fig. 5.

Physics courses with quantum

Course type UG DL G

QISE 99 33 82
QISE adjacent 9 5 17
Chemistry 17 0 6
MISC 105 3 34
Physics electives 381 76 553
Core physics 2234 180 815
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TABLE XI. Values corresponding to Fig. 5

Physics courses with QISE keywords

Course type UG DL G
QISE 90 32 65
QISE adjacent 1 0 0
Chemistry 0 0 1
MISC 13 0 4
Physics electives 20 3 32
Core physics 130 16 72

TABLE XII. Values corresponding to Fig. 6.

QISE topic Non-QISE frequency QISE frequency
Advanced QISE theory 74 61
Algorithms 28 241
Circuits 4 33
Cryptography 22 84
Density matrix 33 3
Gates 73 35
Implementations 26 46
Quantum computing 65 150
Quantum information 60 106
Qubit 17 61

APPENDIX F: TESTS OF SIGNIFICANCE

TABLE XIII. Results of nonparametric y? tests utilized to check the significance of relationships discussed in the main text. All
comparisons for which a claim about a significant relationship is made are shown in this table.

Comparisons 7% (d.of., N) p value

Number of institutions with/without QISE programs of different Carnegie classifications 131 (1, N = 1456) >(.00001

Number of institutions with/without QISE programs that are/are not research intensive 144.8 (1, N = 1456) >(.00001

Number of institutions with/without QISE programs that are/are not MSIs 14.5 (1, N = 1456) >0.001

Number of courses containing quantum offered at undergraduate/graduate levels in ECE 220.6 (1, N = 5337) >(.00001
and physics

Number of courses containing quantum taught at the undergraduate/graduate level in CS 25.1 (1, N = 4957 >0.00001
and physics

Number of courses including/not including QISE topics in ECE and physics 153.9 (1, N = 5335) >0.00001

Number of courses including/not including QISE topics in CS and physics 1040.5 (1, N = 4999) >(0.00001

Number of dedicated QISE courses offered at undergraduate/graduate levels in ECE and 249 (1, N = 349) >(0.00001
physics

Number of courses dedicated/not dedicated to QISE in ECE and physics 285.6 (1, N = 5335) >(0.00001

Number of courses dedicated/not dedicated to QISE in CS and physics 777.0 (1, N = 4999) >(.00001
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