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Why K-12 Quantum Computing Education?
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Progression for introducing QC in K-12

Content: How / What can / should
students learn at different ages?

Materials: Develop age-appropriate materials
integrated with science, math, CS

s Teachers: Provide professional development s

Students: Receive instruction




Content: QIS K-12 Key Concepts

High School
Framework (Phy, Il\fasmse-\l;onl\r/lk
L Chem, CS, Math)
QIS K-12 f CS-F d
- -Focuse
Key Concepts > KCe S'gzﬁlfe’efs Framework
Workshop L y P (in progress)
Write
Teacher-facing
explanatory

language




Learning Trajectories

Superposition:
1 | Something can be two
things at once

Measurement can lose partial
state

Superposition

2A

Superpositions can be measured as one or

3

the other Controlling probability of measuring one or the

Some superpositions can be modified to favor one
view over the other

other is necessary for use in quantum
computing.

2B

Measurement

In quantum computing, measurement only results in 1 or 0,

not full state.

Measurement can perturb
state

Quantum
State

In quantum computing, measurement destroys

superposition, and all subsequent measurements will have
the same result.

In quantum computing, you cannot
copy full state.




Materials: Games, Activities, and Zines, Oh, my!
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Measurements:
Now-inkrusive?

Police radar quns do
not affect a car’s
speed - cars are
so big compare
to the radar
waves!

by measuring

Measuremewnts:
Side Effects

Some measurements do not

affect what is being measured...

but they do something else!

7 X-rays are commonl
8 ‘. used i hospitals to
roduce photographs
- Eor checking bone
XRY | fractures.

Buk.. They could Fo&m’:iau,j
cause caircer when PLe are
expose.d unprotecte !
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If you time how Llong you
cav?o hold your breakk...vo

You would
do just fine
the first
time, but...

You cannot hold your
breath as long the second
time, without resting
in-between.,
This is
caused
the side
etbects
such
measure~
menks
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Quantum and

Measurement
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Measuring Jelly Beans C A
o

Jelly bean color: ‘

Non-destructive Measurement Methods

Method What flavor do you think it is? | Why do you think that? How sure are you?
Y Q
Y QR

Destructive Measurement Methods

Method What flavor do you think it is? | Why do you think that? How sure are you?

Break open
and smell ﬂ
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Quander On-line World (5 mini-games, trivia)




Learning Goal

Representation in Qupcakery

Representation in Queuebits

C1: Superposition is when something is
two things at once.

C2: Things in superposition have a proba-
bility of each measurement outcome

C3: Upon measurement the item in super-
position becomes one of the possible values

BK1: "Mystery boxes” are both chocolate and
vanilla

BK2: "Mystery boxes™ have a 50/50 chance of
measuring chocolate or vanilla when opened

BK3: When opened, a “mystery box” becomes
either chocolate of vanilla

QF1: Superposition tokens are both yel-
low and red

QF2: Tokens have a 50/50 or 75/25
chance of measuring yellow when
dropped

QF3: When dropped, a superposition
token becomes either red or yellow




Character

Reward cards provide quantum info,

Tangle’s Trivia asks them about it

-Game tokens represents qubits
(quantum bits)

-Tokens that are one color have
either a100% chance to be that
These ones will stay one color

until the game ends.

-Qubits can be in only one state
(color) after measurement.

color, or were already measured.

SUPERPOSITION

Tangle sleeps in a qupcake box,
and doesn’t.

SUPERPOSITION

-Is Molly dead or alive?

-Superposition means
combination

-Superposition applies to waves
and quantum information science
is full of waves

-Quantum information can be a
superposition of bothaoand a1
at the same time, but also
neither o nor 1 at the same time

CONCEPT




Collapsing Qubits Card Game

Building vocabulary and intuition
for the major quantum phenomena
involved in quantum computing
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This material is based upon work supported by the National
Science Foundation under Grant No. 2415869. Any opinions,
findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.
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Next Steps

Research learning and engagement from online and card games
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