
Quantum Resources for K -16
Jessica Rosenberg, Nancy Holincheck



Launched by the White House Office of Science and Technology Policy (OSTP) and 
the National Science Foundation, Q-12 is a consortium that seeks to expand access to 
K-12 quantum learning tools and inspire the next generation of quantum leaders.

Click on videos to watch later - they’re useful, but not a good use of our time together

https://q12education.org/
https://youtu.be/q0fqxPUDVpw
https://youtu.be/RypSQKIKhyo


Quantum K-12 Framework Documents
Designed for curriculum developers and teachers

Teacher working groups created the documents linked below. Due to the differences in readiness across the 
subjects of Math, Physics, CS, and Chemistry, each document takes a different form. 
● The Physics and Chemistry documents outline an initial set of expectations and learning goals for teachers seeking to 

teach QIS K-12 Key Concepts.
● The Computer Science document provides guidance about places where high school computer science learning goals 

can be satisfied at the same time as content in the QIS K-12 Key Concepts. 
● The Math document outlines learning trajectories and concept connections across middle and high school math topics.
● The Middle School STEM framework offers initial set of expectations and learning goals for teaching QIS Key Concepts.

Middle School STEM  + QIS

https://q12education.org/
https://q12education.org/learning-materials-framework/cs
https://q12education.org/learning-materials-framework/middle-school-stem
https://q12education.org/learning-materials-framework/physics
https://q12education.org/learning-materials-framework/chemistry
https://q12education.org/learning-materials-framework/math


Quantum Information Science (QIS) K-12 Key Concepts 
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Q-12 Curricular Resources 

https://q12education.org/quantime

https://q12education.org/quantime
https://q12education.org/quantime


Quantum is Elementary 
• 2-year NSF EAGER project exploring how elementary teachers and 

students engage with quantum science, with a focus on professional 
learning and integrating quantum concepts into the elementary school 
curriculum.

• Collaboration between faculty in the College of Education and Human 
Development and Physics and Astronomy Department at George Mason 
University. 



Quantum is Elementary: 
Resources Developed by Teachers

LESSON PLAN 
Three

LESSON PLAN 
TWO

● Age: 6 and up ; Length: 
30 mins

● Focus: Create an emoji--
Connect Quantum 
Superposition with 
Social-Emotional 
Learning

● Quantum Connection: 
superposition

● Age: 3rd graders and up; 
Length: 40-60 mins

● Focus: Hack the 
Password! - Quantum 
Computing

● Quantum connection:
Quantum Encryption

LESSON PLAN 
TWO

● Age K-12; Length 20-45 
mins 

● Focus: questioning like a 
scientist -- developing 
curiosity and scientific 
thinking.

● Quantum Connection: 
– Atoms/atomic structure 
– Relative size 

LESSON PLAN 
ONE

https://docs.google.com/document/d/1Nfs8Esawz8YagmnNgwFunxxhoFnnP7HW/edit?rtpof=true
https://docs.google.com/document/d/1Nfs8Esawz8YagmnNgwFunxxhoFnnP7HW/edit?rtpof=true
https://docs.google.com/document/d/1F0ldAZXbHpmQmvb-YC7L21qbUb8WVHYo/edit?tab=t.0
https://docs.google.com/document/d/1F0ldAZXbHpmQmvb-YC7L21qbUb8WVHYo/edit?tab=t.0
https://docs.google.com/document/d/1BXJDadXPIebCALtGJVVX6B274JeA9Uwt/edit
https://docs.google.com/document/d/1BXJDadXPIebCALtGJVVX6B274JeA9Uwt/edit


Sample Literacy Resources Developed by Teachers



Lesson plans are available on our website





Quantum Chutes and Ladders: How to Play

Premise:
Your character has been shrunk down to the size of an electron and 
now behaves as a quantum particle. When you move, your quantum 
particle can be in a superposition of states, represented by the 
separate positions on the board the character occupies. 

Measurements are made on playing pieces to determine which state 
they are in. When the measurement is made, the superposition 
collapses and the pieces are at the same position (“state”) on the 
board. Good luck getting your character to the end!



Quantum Chutes and Ladders: How to Play

Superposition vs collapsed state:

Your character can be in one of two types of states during the 
game – collapsed or superposition. In the collapsed state, you 
know exactly where your character is. This is the state in which you 
start the game and the state you will be in after making a 
measurement of your character’s position. In the superposition 
state, your character is in a superposition of locations on the 
board, with a 50/50 probability of being measured to be in either 
of those positions.



Quantum Board Game Challenge

Create a quantum board game - new rules for an existing game (recommended) 
or a game of your own creation. 
1. Tell the story of the game
2. Explain the rules and how they illustrate the key quantum principles
3. Explain your game and its rules to the judges - prize for the winning team!

Easier games: Sorry, Trouble, Connect Four
Harder: Battleships, Monopoly, Backgammon, Chess



Building Quantum In Your Classroom:
High School curricula for Physics, Chemistry, and CS



Physics Lesson #1 Physics Lesson #2 Physics Lesson #3 Physics Lesson #4

Superposition Measurement and 
Probability

Entanglement Photoelectric Effect

Intro to why classical 
mechanics isn’t enough to 
understand quantum systems

Introduces superposition 
through a guided consideration 
of electron sorting experiments

Meant to inspire curiosity 
about deviations from classical 
model

A continuation of Lesson #1, 
furthering discussions of 
quantum mechanics as 
probabilistic

Uses polarization of light as 
hands-on demonstration of 
superposition, probability and 
measurement

Quantum measurement game 
adapted from Gomoku /  Five-
in-a-Row

A continuation of Lesson #2, 
introduces spin and 
entanglement of electrons

Shows entanglement violates 
classical mechanics via 
discussion of Bell’s Inequality

Quantum measurement game 
adapted from Gomoku /  Five-
in-a-Row now with added 
entanglement aspect

Quantum Extension for an 
Optics or Modern Physics U

Students investigate particl  
behavior of light through 
photoelectric effect 
demonstration

Relate particle behavior of 
light to that of electrons

Brandon Harvey
Physics Teacher, Oakton High School



Physics Lesson #1

Superposition

Intro to why classical 
mechanics isn’t enough to 
understand quantum systems

Introduces superposition 
through a guided consideration 
of electron sorting experiments

Meant to inspire curiosity 
about deviations from classical 
model

Brandon Harvey
Physics Teacher, Oakton High School

C = Color Box
W = White
B = Black
H = Hardness Box
R = Rigid
S = Soft

Electron Sorting Think-Pair-Shares

Introducing the idea of 
measurement yielding 
determination of 
quantum state

Modeling two 
properties of electrons 
as simplified examples 
- color and hardness

Providing quantum 
results that don’t feel 
logical to students 
based on classical 
understanding



Physics Lesson #1 Physics Lesson #2

Superposition Measurement and 
Probability

Intro to why classical 
mechanics isn’t enough to 
understand quantum systems

Introduces superposition 
through a guided consideration 
of electron sorting experiments

Meant to inspire curiosity 
about deviations from classical 
model

A continuation of Lesson #1, 
furthering discussions of 
quantum mechanics as 
probabilistic

Uses polarization of light as 
hands-on demonstration of 
superposition, probability and 
measurement

Quantum measurement game 
adapted from Gomoku /  Five-
in-a-Row

Brandon Harvey
Physics Teacher, Oakton High School

Object of the Game
Be the first player to achieve five 
stones of one’s own color in a row, 
wherein said row may be vertical, 
horizontal, or diagonal.
Gameplay
Players take turns placing stones 
at line intersections on the game 
board. Stones may be placed on 
any intersection, including on 
edges and in corners.
In this version of the game, the 
step before placing a stone is 
where “measurement” occurs. 
Once an intersection is selected, 
the active player must “measure” 
the resultant stone they will be 
placing. There are three types of possible measurement in the game: 100, 75/25, and 50/50.

Players must use at least one 50/50 measurement and at least three 75/25 
measurements for every ten stones placed. 
If the player does not select a 100 stone, they must roll an, eight-sided die.

● For the 75/25 measurement, rolling a result of 3-8 results in placing the 
player’s own color stone. Meanwhile, a result of 1-2 results in placing the other 
player’scolor stone.

● For the 50/50 measurement, rolling a result of 5-8 results in placing the 
player’s own color stone. Meanwhile, a result of 1-4 results in placing the other 
player’scolor stone.



Chemistry Lesson #1 Chemistry Lesson #2 Chemistry Lesson #3 Chemistry Lesson #4

Wave-Particle Duality Emission Spectrum of 
Hydrogen

Wavefunctions and 
Orbitals

Superposition and 
Entanglement

Intro to why classical 
mechanics isn’t enough to 
understand the atom

Students investigate particle 
behavior of light through 
photoelectric effect simulation

Relates wave-particle duality 
of light to behavior of 
electrons

Classic introductory chemistry 
experience of viewing 
spectrum of hydrogen via 
discharge tube

Connects to honors-level light 
equation calculations

Introduces new aspect of this 
classic lesson, using the 
observations as support for 
Schrodinger’s equation

Classic introductory chemistry 
content of electron 
configurations and orbital 
notations

Approached from perspective 
of wavefunctions and 
probability densities

Students consider how 
probability densities (common 
“shapes” depicted of orbitals) 
translate to radial probability 
distributions 

Extension beyond all 
introductory chemistry content

Hands-on activity where one 
student acts as observer, 
others act as the orbitals, 
simulating superposition and 
entanglement of electrons

Activity script provides 
discussion after each round of 
activity to highlight key 
introductory points of concepts

Provides bridge at end to 
quantum computing

Emily Owens, M.S., M.Ed.
Thomas Jefferson High School for Science and Technology



Chemistry Lesson #1 Chemistry Lesson #2 Chemistry Lesson #3 Chemistry Lesson #4

Wave-Particle Duality Emission Spectrum of 
Hydrogen

Wavefunctions and 
Orbitals

Superposition and 
Entanglement

Intro to why classical 
mechanics isn’t enough to 
understand the atom

Students investigate particle 
behavior of light through 
photoelectric effect simulation

Relates wave-particle duality 
of light to behavior of 
electrons

Classic introductory chemistry 
experience of viewing 
spectrum of hydrogen via 
discharge tube

Connects to honors-level light 
equation calculations

Introduces new aspect of this 
classic lesson, using the 
observations as support for 
Schrodinger’s equation

Classic introductory chemistry 
content of electron 
configurations and orbital 
notations

Approached from perspective 
of wavefunctions and 
probability densities

Students consider how 
probability densities (common 
“shapes” depicted of orbitals) 
translate to radial probability 
distributions 

Extension beyond all 
introductory chemistry content

Hands-on activity where one 
student acts as observer, 
others act as the orbitals, 
simulating superposition and 
entanglement of electrons

Activity script provides 
discussion after each round of 
activity to highlight key 
introductory points of concepts

Provides bridge at end to 
quantum computing

Emily Owens, M.S., M.Ed.
Thomas Jefferson High School for Science and Technology

Gives students the 
experience of seeing 
their observations not
align with earlier 
models and 
understanding why the 
model then has to 
change

Provides greater 
context to E=h𝝂𝝂
equation

https://phet.colorado.edu/sims/cheerpj/photoelectric/latest/photoelectric.html?simulation=photoelectric


Chemistry Lesson #1 Chemistry Lesson #2 Chemistry Lesson #3 Chemistry Lesson #4

Wave-Particle Duality Emission Spectrum of 
Hydrogen

Wavefunctions and 
Orbitals

Superposition and 
Entanglement

Intro to why classical 
mechanics isn’t enough to 
understand the atom

Students investigate particle 
behavior of light through 
photoelectric effect simulation

Relates wave-particle duality 
of light to behavior of 
electrons

Classic introductory chemistry 
experience of viewing 
spectrum of hydrogen via 
discharge tube

Connects to honors-level light 
equation calculations

Introduces new aspect of this 
classic lesson, using the 
observations as support for 
Schrodinger’s equation

Classic introductory chemistry 
content of electron 
configurations and orbital 
notations

Approached from perspective 
of wavefunctions and 
probability densities

Students consider how 
probability densities (common 
“shapes” depicted of orbitals) 
translate to radial probability 
distributions 

Extension beyond all 
introductory chemistry content

Hands-on activity where one 
student acts as observer, 
others act as the orbitals, 
simulating superposition and 
entanglement of electrons

Activity script provides 
discussion after each round of 
activity to highlight key 
introductory points of concepts

Provides bridge at end to 
quantum computing

Introduces key quantum 
concept that measurement 
is not a neutral action- it 
transforms the quantum 
system from having multiple 
outcomes to having only one

Activity slides are scripted so 
that teachers new to these 
concepts can still implement 
it and learn from it, too!

Emily Owens, M.S., M.Ed.
Thomas Jefferson High School for Science and Technology



University of Waterloo Resources

https://uwaterloo.ca/institute-for-quantum-computing/outreach/quantum-educators

Higher-level quantum resources including QKD kit and other hands-on 
experiments 3D printer files

https://uwaterloo.ca/institute-for-quantum-computing/outreach/quantum-educators


Ideas in Quantum Science and Technology Project

• Identify a societal challenge on which quantum sensing, 
computing, or cryptography might have an impact

• Identify experts on the topic that you can talk to about the 
current challenges to progress

• What are the classical bottlenecks?
• What can quantum technologies do to make progress?
• What are the barriers to quantum progress?
• What are the ethical issues as this technology advances?





Quantum Resources for K -16
Jessica Rosenberg, Nancy Holincheck

Quantum is 
Elementary

Secondary 
Quantum 
Resources

Chutes and 
Ladders

jrosenb4@gmu.edu
nholinch@gmu.edu

mailto:jrosenb4@gmu.edu
mailto:nholinch@gmu.edu

	Quantum Resources for K-16
	Slide Number 2
	Quantum K-12 Framework DocumentsDesigned for curriculum developers and teachers
	Quantum Information Science (QIS) K-12 Key Concepts 
	Q-12 Curricular Resources 
	Quantum is Elementary 
	Quantum is Elementary: Resources Developed by Teachers
	Sample Literacy Resources Developed by Teachers
	Lesson plans are available on our website
	Quantum Edition
	Quantum Chutes and Ladders: How to Play
	Quantum Chutes and Ladders: How to Play
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	University of Waterloo Resources
	Ideas in Quantum Science and Technology Project
	Slide Number 23
	Quantum Resources for K-16

