Building the Quantum Workforce K-12 through
Undergraduate Education

Jessica Rosenberg, Nancy Holincheck, Ben Dreyfus, Michele Colandene

Mason’s Quantum Science & Engineering Center (QSEC): engaging K-20+ students and
educators in content-rich quantum experiences and increasing their understanding of
and interest in quantum careers
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Need for Equity and Access
-+

Lack of knowledge and fear
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Quantum Science & Engineering Center

Survey of Undergraduate STEM Students

Participants recruited via emails, posters, & social media
e 185 undergraduate STEM majors at George Mason University
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5% m Asian
Chem, Math, A

Geo 1%

%1 0% = Male \ m Black/ African
= Cyber, CS, IT R \ American
Data Sci = Female

Hispanic/ Latino

. m Native American
= Non- binary

Forensics, Muilti- racial

= Bio, Psych,

Kinesiology Gender not
Neuroscl. | reported m Race/ ethnicity

not reported




Quantum Science & Engineering Cent

P

Interview Participants Inclusion Criteria
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Interest in quantum careers (“agree” or “strongly agree”)
(Note: More students interested than spots)

e 13 undergraduates in 4 interviews

e 10 males, 3 females
e Majors:
o [ computer science; 2 physics; 2 math; 1 electrical
engineering; 1 forensic science
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Student know little about quatum but are
Interested In uantum careers

What do you know about
quantum careers in ge \{rsuing a career related to quantum
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T ouly know a little
bit, and physics

) defivition of quantum

A but T want o learu
more about 1+.”




| am interested in pursuing a career related to quantum | am interested in pursuing a career related to quantum

3 women 50 1 Bl Life sciences
q/p=0002 _ B _men [ 1 Computer and cvber

Gender difference disappears when
only computer and physical science,
engineering, math majors
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« Students don’t know what quantum is
* Most interested students are in fields with less representation
* Quantum thought to be difficult to understand

« Seems to be “risky” in terms of jobs and practicality /

Nou probably veed a B
A PhD to realistically
get a career in the
field, and even thew
the positions will be
competitive.”

“there's not a wide - ~
range of Jobs in the “T don't think it could
field ..you're +aking be as practical as

a risk studying i+.” math or physics.”
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Opportunities

"“Tt's also kind of a
realm where vormal
It is exciting and cool physics kind of yust

Mentors can make a big difference gets thrown out the
Introduction at a young age can have a big impact window. AM that
There will be applications to real world problems was something that

Most students learned about quantum online ATl W‘.ﬂ/]
me and T was like

ﬁI think the exposure 1s the W\OS‘l’\ wow that's really
important.. an application for real world K nteresting”
problems n the simplest sewse, T think, will
be beneficial, becanse dquantum con be ) /
applied +o a lot of things.”




QSEC Quantum in Your Classroom

-

e JSix sessions over the year:
o 9 In person 5-hour PD
o 1 virtual 2-hour PD
e 73 teachers Oct 2022 - July 2023

e 5 worked on summer curriculum

development

2%

®women
B men

® Non-
binary
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= High
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Sl Overview of quantum concepts & resources
Distinction between classical and '
quantum

Quantum states,

superposition, entanglement,

and measurement

Polarizers as a quantum effect

Quantum applications
Quantum Chutes and Ladders
Quantum activities in small
groups




Teacher Perspectives
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“Thivgs are going +o  progress awd
develop rapidly in this field, and this could
give our young studewts a leg up v this
area of sciewce”

Inomic & Workforce
Development

e Elementary focus:
o Equity & Access
e Secondary (middle and high
school) focus:
o Equity
o Content

- =g ompetencies & Literacies Sclhool Refo{
“Tt is totally untraditional. Now we are |
mlkm@ about electrons wot having  a
specific  location but a  statistical |

probability of a location”

“English  Learners have +the same
opportunities as vwative speakers to join
STEM lessons, and they all start at the
same knowledge level with duantum.”

D’lAwN

UNIVERSITY

Technological, Social &
Scientific Innovation
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Unclear connection to standards
Lack of resources, especially for young children and English Learners
e Uncertainty of students having needed background knowledge

Length and format made huge difference in teacher comfort level
e 17% of face-to-face attendees expressed concerns about content knowledge
e 46% of online attendees said they were not comfortable to teach it

“T don't totally understand i+
myself and won'+ feel comfortable
answering gquestions”




Quantum Immersion for High School Students

2 weeks online learning key concepts and about careers and applications
1 week immersive career-focused in-person

”If I+ wasnt  for Jrl/ns program T
wouldv't see myself getting interested v
duantum until at least by the +ime T will

| be in college, so T'm really grateful T got

T F@@l like T could incorporate
quantum into wmedicine which
r@allq @xciﬂm\”

“WMy perspective has shifted

‘3—1 and T can see myself looking

Into Quantuwm Cryptography.”

“Tt+ has deepened wy interest
i STEM”
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Build an understanding of quantum and quantum careers early

“‘Demystify” quantum, emphasize interest and remove sense that you
have to be a genius to understand it

State standards that include quantum and knowledge about how
guantum connects to current standard is important

Teachers will need support developing the knowledge and confidence to
iInclude quantum in the curriculum

Students can do a lot in quantum with no background knowledge —
engage a diverse group early and often
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Fields believed to require
brilliance have fewer women

(Leslie et al. 2015, Science 347, 262)

‘Just getting more women n tech, T feel like,
it's the first biggest hill before even broachivg
Anantum computing and stuff like that. T guess

to me it's like where to even start introducing
anavtum computing whew a lot of women don't
even know or get into computer sciences.”

“Wwhen T thivk of quantum computing
and all that stuff, it's just a mystery
to me. It's just something that super
geninses talk about n their free time,
doing it as a career.”

Percentage of U.S. Ph.D.’s who are female

60 -
MolecBio
N : EvoBio
50 - eurogcl e Biochem
Statistics ®
40 - Earth Sci s
[ ]
- Astrogomy Mith
Engineering
20 - CompScie FPhysics
10 T
80 - Art Hist
. Psycholo .
Education . p = .
1 Comm Stud
omm Studies gpap; EnglishLit
: panish -Ng
logy® Linguistics CopLite
60 Anthropolog 2 i ¢
Archaec.:!ngy
50 - History - .
..POHIIGE"SCI SICS
40 - Mid EastStud ®
L Econ ;
p Philosophy
30 - y
20 - Music Comp
[ ]
10 I ' ! :
3.2 g7 4.2 4.7 5.2

Field-specific ability beliefs
(higher numbers indicate greater emphasis on brilliance)

Fig. 1 Field-specific ability beliefs and the percentage of female 2011 U.S. Ph.D/s in
(A) STEM and (B) Social Science and Humanities.
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Challenge: Most Institutions do not have QIS Courses
or Programs

>

* 74 institutions offered QIS courses (2019-2021; Cervantes et al. 2021, AAPT)
65 (88%) are PhD granting institutions
 PhD institutions serve 40% of physics Bachelor’'s degree

graduates (AIP 2020).

« Students at PUls (including most HBCUs and MSIs),
much less likely to have access to a QIS course.

In 2021 there were 3 certificates and 7 MS programs in US

(https://arxiv.org/pdf/2109.13850.pdf).
In 2023 >6 new MS programs and 7 new certificates added



https://arxiv.org/pdf/2109.13850.pdf

Computational Chemist mmm Hiring in 3-5 years Bachelors Masters Associate Degree of Vocational School Certificate Equivalent Years of Experience

Control Systems Engineer Hiring in 2 years

Error Correction Scientist System Assembly/Maintenance Technician |

Theoretical Physicist Test/Measurement Engineer |
Cryogenics Engineer/Scientist Technical Sales/Marketing |

Product Sales/Marketing |

nu

System Assembly/Maintenance Technician
Circuit Designer |

|

DevOps/Database Engineer
; Software Programmer |

Device/Component Engineer Control Systems Engineer |

Circuit Designer DevOps/Database Engineer |

Data Scientist System Architect/Designer |
Applications/Solutions Architect |
Test/Measurement Engineer ; ) T

Cryogenics Engineer/Scientist |

System Architect/Designer Data Scientist |

Photonics/Optics Engineer/Scientist Device/Component Engineer |

|

Technical Support/Marketing Quantum Algorithm Developer |

the Other role, specfied above |

Product Sales/Marketing X X X L
Photonics/Optics Engineer/Scientist |

Software Developer Theoretical Physicist |

Applications/Solutions Architect Experimental Physicist |

Quantum Algorithm Developer Computational Chemist |

Error Correction Scientist |

|

Experimental Physicist
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Hughes et al 2021, http://arxiv.org/abs/2109.03601




Excite ALL kids about |
quantum early!

“T think +he exposure is +he wmost
Important. We were talking about how
quantum seewms like a very scary subject
to look into. ITt's, well, it's out of my
hands  becanse T don't understand
physics at all, so T +hink exposure v
terms of [at a] younger age, introducing
concepts of duantum that can slowly get
more detailed and maybe specific. But av
application for real world problems in
the simplest sewse, T think, will be
beneficial, becanse dquantum can be
applied +o a lot of things.”
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Challenge: Feeder Disciplines Struggle with Diversity

Without direct effort
we risk reproducing

these results In
quantum

Engineering Biology Computer Math and Physical College
Science Statistics Science population

® "% Women" m"%Hispanic" m"% Black"
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