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Abstract—This research compares Pace University’s curricu-
lum with other universities to determine how Pace can compete
with other leaders in teaching quantum computing courses. A
descriptive-analytic study including collected data and infor-
mation from university website syllabi was initiated. A survey
was developed and sent to 250 plus universities in the United
States and internationally currently teaching quantum computing
courses. Data collection included course descriptions, credit hours
per course, types of textbooks used, projects required, the use
of simulators, and materials covered. This study also looked at
how Pace University could continually improve their quantum
computing curriculum. Data was analyzed and recommendations
were formulated to enhance the curriculum for Pace University
in the teaching of quantum computing.

Index Terms—Quantum Computing Education, Quantum In-
formation, Quantum Computing Pedagogy

I. INTRODUCTION

Quantum computing has just recently seen a steep incline
in the demand for qualified talent. While not a new field of
research, the realized capabilities of quantum computing are
beginning to transition from a little understood and heavily
under-researched technology into applications that have a clear
use case in today’s quickly evolving technology landscape.
Like many other fields of technology, as demand for talent
increases, it can be challenging for universities to design
programs in time to develop students to meet this demand.
In his article “The Next Tech Talent Shortage: Quantum
Computing Researchers”, Cade Metz tells the story of a
quantum computing start-up called Zapata and the challenges
surrounding finding researchers for his company. His story
continues with his expanding search for talent in the overseas
market. “As companies push into new technologies, they are
finding it harder to identify qualified engineers and researchers.
They are also facing tougher immigration rules for foreign-
born tech experts and competing with tech centers like Mon-
treal, London, Paris and Beijing. International competition is
a particularly thorny issue in quantum computing because
one of these machines, in theory, could crack the encryption
that protects sensitive information inside governments and
businesses around the world. If a quantum computer can be
built, it will be exponentially more powerful than even today’s
supercomputers [1].”

Thanks to IBM Research for the faculty grant to Dr Tappert.

For Pace University to continue its development of students
by equipping them with the knowledge it takes to be com-
petitive in the current world of technology, it is critical that
quantum computing be included in the curriculum. Meeting a
shortage of talent head-on and becoming an early pioneer of
quantum computing education will help Pace University stand
out and further their reputation of developing top technology
talent. When asked about what specifically is driving the
demand for talent in the quantum computing space, Professor
William D. Oliver from MIT said, “Quantum computing is
transitioning from theory to practice, and there is a growing
number of government programs supporting quantum informa-
tion processing: The EU has a flagship, China has a substantial
effort, as do England, Australia, Singapore, Canada, Sweden,
Finland, and many more. The U.S. Congress recently passed
the National Quantum Initiative, authorizing more than 1.2
billion dollar investment in quantum science and technology
over the next five to ten years. With all of these initiatives,
there’s a large increase in the number of positions in academia,
government, and industry. It’s definitely an employee’s market
right now [2].”

The primary objective of this research was to provide Pace
University leadership with a defined guideline for what course-
work and research is included in other universities’ quantum
computing education and how Pace should move forward with
their own program tailored to produce high quality talent. A
detailed analysis of courses, plus undergraduate and graduate
degree programs offered by various universities provided a
guideline for what this study recommends to Pace University.

II. LITERATURE REVIEW

A. Revolutionary Technology

The race to obtain more computational power in the form
of quantum computing is on, and China is close to the lead
[3] [4]. Others in the race include “Big Tech” companies of
IBM, Google, and Microsoft, plus Russia and the UK [5].
“These groups are in pursuit not merely of faster computers
but a fundamentally different approach to computing, which
would open up new vistas in technology and society. Quantum
computers could be as transformational as the microchip,
which ushered in the internet age and all the attendant effects
on the economy and politics [5].”
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B. Is the US Lagging Behind in Quantum Computing?

In 2019, a team from Google was able to achieve “quantum
supremacy”, a term coined to describe a Google computer
which was able to perform a calculation faster than a con-
ventional computer. As stated by Google’s John Martinis and
Sergio Boixo, “Our machine performed the target computation
in 200 seconds, and from measurements in our experiment,
we determined that it would take the world’s fastest su-
percomputer 10,000 years to produce a similar output” [5].
While that was an amazing feat, there was a team at the
University of Science and Technology in China (USTC) under
the direction of Pan Jianwei, and their quantum computer
performed a calculation 100 trillion times faster than a con-
ventional computer which surpassed Google’s achievement by
a factor of about 10 billion. As China leads the quantum
computing race, engineering teams from top tier companies
such as Amazon, IBM, and Google are racing to build full-
scale working quantum computers to compete in the field. It
is reported that China is spending about 10 billion dollars
on building a center solely devoted to quantum computing
and artificial intelligence, while the U.S. government has
committed 1 billion dollars, and corporate companies have
also spent around 100 million dollars to aid in the effort [5].

C. Preparing Talent for Quantum Computing

Industry drives education. In the field of quantum comput-
ing, educating a workforce for the quantum revolution on the
horizon becomes an important higher education challenge to
develop curricula to meet the needs of industry. Universities
must continually evaluate and improve their curriculum and
adopt a new quantum computing pedagogy. If not, they will
ultimately be left behind and lose their credibility in the
cutting-edge discipline of quantum computing.

The needs of the “Big Tech” industry drives the curricula of
colleges and universities. A new study outlines ways colleges
and universities can update their curricula to prepare the
workforce for a new wave of quantum technology jobs. In
a new paper in Physical Review, Physics Education Research
entitled “Preparing for the quantum revolution: What is the
role of higher education? “three researchers made suggestions
as how this could be done after surveying quantum technology
managers from over twenty companies across the United States
[6].”

These researchers wanted to get a grasp on the types of
entry level jobs offered in these companies and what colleges
and universities might teach in order to prepare people for
these jobs. Although they found that most companies seek
to fill available jobs with people who have traditional STEM
degrees, they are also looking for people who have knowledge
of fundamental concepts in quantum computing.

“For a lot of those roles, there’s this idea of being ‘quantum
aware’ that’s highly desirable,” said Zwickl, a member of
RIT’s Future Photon Initiative and Center for Advancing
STEM Teaching, Learning and Evaluation. “The companies
told us that many positions don’t need to have deep expertise,
but students could really benefit from a one- or two-semester
introductory sequence that teaches the foundational concepts,

some of the hardware implementations, how the algorithms
work, what a qubit is, and things like that. Then a graduate
can bring in all the strength of a traditional STEM degree but
can speak the language that the company is talking about [6].”

The researcher’s recommendation also included that col-
leges and universities should offer “introductory, multidisci-
plinary courses with few prerequisites that will allow software
engineering, computer science, physics, and other STEM
majors to learn the core concepts together,” Zwickl said.
Providing quantum education opportunities to students across
disciplines will be important because quantum technology has
the opportunity to disrupt a wide range of fields [6].

D. The Need to Develop a New Curriculum

Other universities are understanding the need to develop a
new quantum computing pedagogy in light of the ever-growing
field of quantum computing. Members of MSU’s Center for
Quantum Computing, Science, and Engineering (MSU-Q) are
working with faculty from Ohio State University, the Univer-
sity of Chicago, Chicago State University, and the University
of Illinois. The curriculum will be called QuSTEAM (Quan-
tum Information Science, Technology, Engineering, Arts, and
Mathematics [7].

“Quantum information is not a simple field, and education
in this area is not moving as quickly as the technology
evolution. We are pursuing this project to ensure that we
have a future workforce that is well-equipped to move this
technology forward and be well prepared to utilize it in a
broad range of fields,” said Angela Wilson, John A. Hannah
distinguished professor of chemistry in the College of Natural
Science. “Involved in this effort are some of the largest
universities in the country, providing large, diverse test beds
for curriculum development,” Wilson says. “The curriculum
is being designed from the ground up by pairing top science
and engineering education experts with experts in quantum
information, many of those who are working at MSU-Q, to
provide a novel, accessible education program that will be
available to universities and students across the nation,” Wilson
further explained [7].

In the Cornell University-based article, “Achieving a quan-
tum smart workforce” members of the Quantum Information
Science and Engineering (QISE) task force recognized the
need for the development of a comprehensive strategic plan
for quantum education and workforce development. They
also recognized that the quantum technology development is
growing by leaps and bounds and there will be “a need for
a wide variety of expertise and education levels to create
a balanced technical workforce like that seen in other pro-
fessional scientific and engineering fields. Furthermore, the
rapid pace of innovation in the field of QISE poses challenges
for the development of standardized classroom- and lab-based
curricula [8].”

E. Keys to Developing a Successful Program

The following skills and knowledge were brought to the
forefront as being essential in the QISE experts research with
industry leaders: “linear algebra, programming and software
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engineering fundamentals, various lab-related skills (elec-
tronic, vacuum and cryogenic techniques), statistics and statis-
tical mechanics, and an introductory college-level understand-
ing of quantum information and quantum physics [8].”

In discussion, QISE experts came up with two principles
concerning curricula, classes, and labs: (1) Creating one core
course, or a short series of courses, dedicated to QISE princi-
ples and applications is crucial when providing students with
diverse educational backgrounds a common language (2) The
value of experimental skills related to quantum technologies
can be equally or even more important for entering the
workforce than courses in complex quantum theory at the
Master’s level [8].

Members of the task force defined the path to building a
successful program to include the following actions: (1) Gath-
ering subject-matter experts - for the insurance of a sufficient
number of qualified personnel for teaching (2) Establishing
mechanisms to ensure institutional commitment - providing
a cross-disciplinary, program-level innovation with consistent
institutional support (3) Developing strong relationships with
industry – meeting the ever-changing industry needs (4) Ac-
quiring resources for laboratory courses – acquiring funding
for expensive lab components through private, public, or indus-
try partnerships (5) Setting up assessment and dissemination’s
mechanisms – implementing timely assessment of the program
that will ensure feedback to improve the program (6) Hiring
a Faculty Cluster - this is to facilitate and ensure coordination
and consultation between departments throughout the hiring
process [8].

F. What Makes a Top Tier University

When analyzing the characteristics of top universities world-
wide, such as Harvard, MIT, Stanford, University of California
Berkeley, Oxford, Columbia - all of them included quantum
computing courses. However, only University of Waterloo,
Canada, has a degree in quantum computing specifically a
Master’s degree with a “specialization in quantum informa-
tion.” The schools who include quantum computing in their
offerings share a few commonalities. One commonality is an
understanding of the broader impacts of quantum computing.
There is an overarching vision for what quantum computing
can bring to technology and how it can change the world.
To quote from Oxford University on quantum computing,
“Quantum computing has the potential to transform areas of
our lives such as healthcare, finance, and security – and Oxford
is pioneering theory, technology, and responsible innovation to
ensure that its power will bring benefits for all of society [9].”

Another common trait among the top universities in quan-
tum computing is an established institute where professors
conduct extensive research around quantum computing tech-
nology and incorporate the students in this process. This form
of quantum computing pedagogy involves professors being
coaches. Students and teachers produce work and learning
together. The teacher becomes more of a mentor helping
students achieve the learning goal. While certain universities
are simply offering a few courses or even a degree program,
the top universities are able to raise large sums of money

for their quantum computing research and raise awareness for
their programs by having a full time staff conducting research
through their institute. Harvard professors state, “The Harvard
Quantum Initiative in Science and Engineering (HQI) is a
community of researchers with an intense interest in advancing
the science and engineering of quantum systems and their
applications. Our mission is to help scientists and engineers
explore new ways to transform quantum theory into useful
systems and devices [9].”

III. METHODOLOGY

The goal of this study was to conduct research on quantum
computing courses worldwide with the intention to provide
insights from that analysis to help improve the current quan-
tum computing curriculum at Pace University. There are
similarities and differences among all courses within the field,
but it is imperative to utilize syllabi from various universities
to formulate an approach that can help make the overall
program better and understand the prerequisite courses needed
for students to excel at Pace if an extended quantum computing
curriculum is adopted. Data was collected after assessing
information from various educational institutions which have
courses that include quantum computing. The syllabi of current
quantum computing curriculum in leading universities both
domestic and international were accessed by researching each
university’s website. Syllabi collected included: MIT, USC,
Cal Tech, Cornell, Stanford, UC Berkeley, University (U)
of Maryland, UMASS [10], U Minnesota, U New Mexico
[11], UPenn, U Rochester, U Virginia, V Tech, Washington
U at St. Louis [12], University of Cambridge (Quantum
Computing), [13] Rensselaer Polytechnic Institute (Quantum
Computer Programming), [14] The University of Edinburgh
(Introduction to Quantum Computing), [15] University of
Oxford (Quantum Processes and Computation), [16] and LMU
Munich (Introduction to Quantum Computing) [17].

The culmination of all information gathered led to the cre-
ation of various survey questions to help identify similarities
between these universities. Collected syllabi were compared
and contrasted with the current structure of Pace University’s
quantum computing course which included the university’s
current syllabus for Computer Science 837 and Computer
Science 737 [18]. With the goal of creating a well-rounded
quantum computing curriculum and proposing potential im-
provements that can be applied to the current curriculum
here at Pace University, the following twelve questions were
developed for the research survey:

1) To what level of student is the course taught?
2) In what format is the class taught?
3) Rank order which textbooks are most important to your

course.
4) Rank order the importance of the following assessments

in your course.
5) Rank order what your course exams focus on.
6) Rank order what your projects focus on.
7) Which circuit simulator(s) are used in this course?
8) What type of projects do your students work on?
9) Do you think there is a shortage of talent in the quantum

computing/quantum information science field?
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10) In which department is your quantum computing course
taught?

11) Is quantum computing part of a degree program at your
university?

12) What companies have shown interest in your students
that have completed quantum computing as part of their
degree?

Survey Link: https://qfreeaccountssjc1.az1.qualtrics.com/
jfe/form/SV 81aCvSBWK9dydMi

Surveys were sent to various professors from the follow-
ing institutions: MIT, USC, U Michigan, Caltech, Cornell,
Harvard, Stanford, UC Berkeley, U Maryland, UMASS, U
Minnesota, U New Mexico, U Oregon, Pace, U Penn, U
Rochester, U Virginia, Virginia Tech, Washington U at St
Louis, U of British Columbia, Oxford U, U College of London,
U of Edinburgh, Osaka University, LMU Munich, U of S/T
of China, Université de Paris, U of Sydney, U of Barcelona,
Cambridge, University of Waterloo. The objective was to have
at least 150 university professors globally, who have taught
quantum computing courses, complete the survey.

IV. RESULTS

Shown below are key findings to date from the survey
developed in Qualtrics. Figures 1-12 where also generated
by Qualtrics. The survey consisted of twelve multiple-choice
questions. The survey was sent to 250 quantum computing
professors from universities in the United States and abroad.
The survey received 91 responses for a participation rate of
36 percent.

Results for survey question number one which was “To
what level of student is the course taught?” showed that
21 percent of quantum computing courses are taught at the
undergraduate level while 27 percent of quantum computing
courses are taught at the Master and PhD level (See Figure
1). Currently, Pace University does not offer an undergraduate
quantum computing curriculum. It is recommended that Pace
University develop a new undergraduate quantum computing
curriculum that offers students the opportunity to be exposed to
quantum computing early in their college experience. This will
also help students have a better baseline in the understanding
of quantum computing before they move to a post-graduate
degree.

PhD+Masters+Undergrad

Masters+Undergrad

PhD+Master

Undergrad

Masters

PhD

0 3 6 9 12 15 18

Fig. 1. To What Level is Quantum Computing Taught?

In response to the question, “In what format is the course
taught?” the survey results showed that 49 percent of quan-
tum computing courses in the United States and abroad are

taught in-person with 45 percent being taught online and 6
percent being hybrid (See Figure2). Pace University currently
offers quantum computing courses online only. The nature of
quantum computing is complex and conceptual, therefore, it
is recommended that courses be taught in-person to cultivate
a better hands-on experience and learning environment for
students. In addition, Pace University should consider a in-
person option so the students have a chance to collaborate
face-to- face with their peers and professors.

Hybrid

Online Due to COVID-19

Online Normally

In Person

0 5 10 15 20 25

Fig. 2. In What format Is Quantum Computing Taught?

The majority of respondents to the question, “What text-
books do you use?’ rated Quantum Computation and Quantum
Information by M. Nielson and L. Chuang as number one
because they found it to be a thorough textbook on the funda-
mentals of the subject, suitable for a one-semester graduate-
level course. (See Figure 3) Because of the interdisciplinary
nature of the subject, the authors included a convenient chapter
on “Introduction to quantum mechanics,” and “Introduction to
Computer Science,” and large separate chapters on classical
quantum information theory. Also rated high was the book
Dancing with Qubits by Robert S. Sutor. Pace University offers
students a diverse selection of textbooks in order to cover the
multifaceted nature of quantum computing.
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Programming Quantum Computers
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Quantum Computing:A Gentle Introduction

Quantum Computation and Quantum Information

Dancing With Qubits

Fig. 3. What type of textbook is used?

Pace University currently refers to the following textbooks
for their course of study: Dancing with Qubits: How quantum
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computing works and how it can change the world by Robert
Sutor. This book was rated number three on the survey
list. Quantum Computing: An Applied Approach by Hidary,
Quantum Computing for Everyone by Bernhardt, and Quan-
tum Computing: A Beginner’s Introduction by Lala [18]. In
addition, Pace University uses these older textbooks as part of
their curriculum: Quantum Computing: A Gentle Introduction
by Rieffel and Polak. This book was rated number two on the
survey list. Quantum Computation and Quantum Information
by Nielsen and Chuang.. This book was rated number one
on the survey list. Quantum Computing for High School
Students by Yuly Billig, Problems and Solutions in Quantum
Computing and Quantum Information by Steeb and Hardy, and
Mastering Quantum Computing with IBM QX by Christine
Corbett Moran [18]. Pace University offers students a diverse
selection of textbooks in order to cover the multifaceted nature
of quantum computing. At this time, there is no recommen-
dation for changes or additions to the book list.

Question number four of the survey asked respondents
to rank order the importance of projects, quizzes, mid-term
exams, final exams, homework, and working with quantum
computing circuit simulators (See Figure 4). Results indi-
cated that final exams were the most important measure of
a student’s learning, and projects ranked slightly below in
importance. Also in the upper tier of importance were quizzes
and homework. Currently, Pace University evaluates student
learning outcomes using final exams (40 percent), project
/presentations (40 percent), and mid-term exams (20 percent).
Based on the survey results, Pace University currently assesses
student learning outcomes similarly with other universities in
the United States and abroad.
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Fig. 4. Rank order of the importance of assessment types.

In response to question five concerning the types of exams
employed at each university surveyed (See Figure 5); the
leading option chose by the professors ranking shows that
solving problems involving quantum computing math and/or
algorithms is the main objective for their course administered
exams.
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Fig. 5. Rank order of the focus of course exams.

Questions six and eight covered the type of projects that
are conducted by students and the focus of said projects. For
courses that were project based, majority of professors ranked
quantum computing algorithms as the leading choice for the
project’s focal point (See Figure 6). Those professors also
emphasized the fact that within those courses, students work
on individual-based projects rather than team-oriented projects
(See Figure 7).
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Fig. 6. Rank order of the focus of course projects.
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Fig. 7. What Type of Projects Do Students Work On?

Question seven provided data on what circuit simulators
are being used in the quantum computing courses (See Figure
8). Over fifty percent of those surveyed ranked IBM circuit
simulators as the top circuit utilized.
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Fig. 8. What Circuit Simulators Are Used in the Course?

Also of importance to the data collection was whether or not
professors felt a shortage of talent in the quantum computing
industry at this time. While articles have been written on
predictive trends of where talent requirements will be needed
in the quantum computing field, getting direct feedback from
professors provides a more accurate view of what the demand
is for this talent from an academic standpoint for recent
graduates. Eighty-seven percent of professors responding to
the survey agreed that there is a current shortage of talent in
the quantum computing field. This answer for question nine
provided the most unanimous response to any of the questions
asked in our survey and reaffirmed the importance of Pace
University to be expanding its coursework around quantum
computing.

No

Yes

0 5 10 15 20 25 30 35

Fig. 9. Is There a Shortage of Talent in Quantum Computing/Quantum
Information Science?

With quantum computing and quantum information in gen-
eral being a very complex and multifaceted area of research
and study, it was also important to determine which university
departments were offering quantum computing courses. De-
partment options on the survey for question ten were mathe-
matics, engineering, computer science, physics, and photonics.
Thirty-three percent of surveyed participants listed computer
science as the main department offering quantum computing,
followed by engineering at 28 percent and physics with 22
percent (See Figure 10).
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Mathematics
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Fig. 10. In What Department Is Quantum Computing Taught?

Based on the survey the majority of other universities align
their quantum computing courses to their computer science
departments making Seidenberg School of Computer Science
and Information Systems the ideal school for Pace to begin
introducing new quantum computing coursework.

In response to the question concerning whether or not quan-
tum computing coursework was part of a degree program, 76
percent of respondents affirmed that their quantum computing
coursework was part of a specific degree program (See Figure
11).
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Fig. 11. Is Quantum Computing Part of a Degree Program?

As Pace University looks at expanding their quantum com-
puting coursework, this question reaffirms the principal that
these courses should be implemented into existing degree
programs.

The final question of our survey asks professors to list
which companies have expressed interest in students that have
graduated with some level of completed quantum computing
coursework (See Figure 12).
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Fig. 12. What Companies Have Shown Interest In Your Quantum Computing
Students?

The top two options listed as part of the survey were
from IBM and Amazon - two companies that have made
significant investments in both quantum computing research
and development. After looking at some of the job openings,
the need for qualified graduates with quantum computing
education is apparent. Amazon has its Amazon Web Service
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(AWS) Center for quantum computing and is aggressively
hiring for various quantum engineering, scientist, and busi-
ness development roles. In addition, IBM has over 100 jobs
currently listed in the quantum computing field. Given Pace
University’s strong relationship and partnership with IBM,
these job openings can be filled by more Pace graduates if
additional courses are added to Pace University’s quantum
computing offerings.

V. CONCLUSION

Pace University is certainly in the running for being a top-
rated school in the field of quantum computing education.
Research ranks Pace University high in the areas of text-
book selection, assessments, quantum circuit simulators, group
projects, and partnerships with industry. Pace University is on
track with using IBM as the primary circuit simulator for their
quantum computing courses, as it aligns with various leading
universities worldwide. Some areas of recommendation that
could improve the current quantum computing pedagogy of
the university include the requirement of quantum computing
core classes across such degree programs as computer science,
engineering, and physics. Logically, Seidenberg School of
Computer Science and Information Systems is the recom-
mended school to incorporate a quantum computing core
requirement.

Core quantum computing courses at the undergraduate level
provides basic understanding and could qualify a student for
an entry level job in the technological industry. In addition,
these required courses give a student a basic understanding of
quantum computing and may propel them to delve deeper into
the field. Upper level courses could be offered to incorporate
an emphasis in the study.

In addition, research indicates the need for Pace University
to incorporate a hybrid learning environment to not only
include online learning but also to require face to face to
collaborate with peers and professors. Research shows a large
number of universities surveyed require on campus learning
in the quantum computing coursework.
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