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Grades 1,2,3,4, 5: Computational Thinking & Quantum Intuition 
At this stage, focus on logical reasoning, probability, and conceptual metaphors for quantum 
ideas. Early exposure with logic & probability sets the foundation for more advanced quantum 
computing concepts for middle school and high school.   
 
1st Grade: Patterns and Logic 
Tools & Activities: 
Sorting Games: Use physical objects (blocks, colors, numbers) to teach categorization. 
Coin Flip Games: Students guess heads or tails to introduce randomness. 
Both And Thinking: Use optical illusions or mixed color paints to introduce the idea of "being 
two things at once." 
 
2nd Grade: Introduction to Binary Thinking 
Tools & Activities: 
Binary Counting Games: Use fingers to count in binary (1, 10, 11, 100, etc.). 
Light Switch Simulations: Teach on/off as binary 1/0. 
Binary Encoding: Simple ASCII codes (e.g., writing names in binary). 
 
3rd Grade: Classical Computing Basics 
Tools & Activities: 
Paper Circuits: Use simple circuits to demonstrate on/off states. 
Logic Puzzle Cards: Introduce AND/OR logic gates in a fun way. 
Secret Code Writing: Convert letters to binary. 
 
 
4th Grade: Probability and Superposition Concepts 
Tools & Activities: 
Dice and Coin Flip Experiments: Show probability distributions. 
Guess the Box Game: Hide an object, let students guess multiple locations, then reveal. 
Schrödinger’s Cat Storytelling: Use story books or videos. 
 
 
5th Grade: Entanglement and Collaboration 
Tools & Activities: 
Entanglement Game: Pair students up and have them mirror each other’s actions, even when 
apart. 
Quantum Matching Card Games: Where a pair of "entangled" cards always match. 
Quantum States Drawing: Visualizing states with art. 
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Grades 6,7,8: Classical Computing & Quantum PreProgramming 
This stage introduces classical computing concepts, basic programming, and early quantum 
ideas. Early exposure with logic & probability in elementary school prepares middle schoolers to 
successfully engage and understand classical & basic quantum computing.   
 
6th Grade: Classical Logic and Gates 
Tools & Activities: 
Truth Table Exercises: Use physical flashcards. 
Paper Circuits with Logic Gates: Simple circuit building activities. 
Blockly Based Programming: Create simple logic based programs. 
 
 
7th Grade: Introduction to Quantum Mechanics 
Tools & Activities: 
Quantum Coin Flip: Explore fairness in quantum randomness. 
DoubleSlit Experiment (Water Ripples): Use a tray of water to show interference. 
Probability Graphs: Have students track probability outcomes. 
 
 
8th Grade: Qubits and Basic Quantum Circuits 
Tools & Activities: 
Qubit Exploration: Use a spinning top to demonstrate quantum states. 
Simple Quantum Gate Exercises: Use IBM Quantum Experience to visualize superposition. 
"Quantum vs. Classical" Debate: Discuss realworld quantum impacts. 
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Grades 9, 10, 11, 12: Advanced Quantum Computing & Real Applications 
Now students engage with real quantum programming and quantum mechanics concepts. Early 
exposure with logic & probability in elementary school and engagement with classical & basic 
quantum computing middle school has prepared high students for working with quantum tools & 
algorithms. 
 
9th Grade: Quantum Circuits & Superposition 
Tools & Activities: 
Building Basic Quantum Circuits: Using Qiskit notebooks. 
Exploring the Bloch Sphere: Using interactive visualizations. 
Simulating Quantum Measurements: Using IBM Quantum. 
 
10th Grade: Quantum Algorithms & Applications 
Tools & Activities: 
Writing Simple Quantum Programs (e.g., superposition states). 
Running Grover’s Algorithm: Searching through a small dataset. 
Exploring Quantum Cryptography: Breaking classical encryption. 
 
11th Grade: Quantum Cryptography & Networking 
Tools & Activities: 
Simulating Quantum Key Distribution: Using BB84 protocol in a program. 
Quantum Teleportation Experiment: Using quantum circuits. 
Exploring Quantum Hardware: Learning about qubit stability. 
 
12th Grade: Advanced Quantum Computing & Research 
Tools & Activities: 
Capstone Project: Students create a realworld quantum application. 
Quantum Machine Learning Experiments. 
Exploring Quantum Supremacy: Understanding the limits of classical computing. 
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Mathematics 
 
Elementary School (Grades 1,2,3, 4, 5): Developing Computational Thinking & Quantum 
Intuition 

At this stage, math focuses on pattern recognition, logical reasoning, probability, and 
foundational number systems. These early concepts improve problem-solving skills and 
critical thinking while laying the groundwork for more advanced topics in middle and high 
school. 

1st Grade: Recognizing Patterns & Logical Thinking 

●​ Math Concepts Introduced: Pattern recognition, sequencing, sorting, categorization. 
●​ How It Improves Thinking: Encourages logical reasoning by recognizing similarities 

and differences in data. 
●​ How It Reinforces Quantum Concepts: Establishes pattern-based reasoning, which is 

later used for understanding quantum algorithms that detect correlations. 

2nd Grade: Binary Numbers & Opposites 

●​ Math Concepts Introduced: Counting in binary (base-2), understanding opposites 
(on/off, 1/0). 

●​ How It Improves Thinking: Introduces abstract thinking by showing that numbers can 
be represented in multiple ways. 

●​ How It Reinforces Quantum Concepts: Helps students later grasp quantum 
superposition, where a qubit can be both 0 and 1 simultaneously. 

3rd Grade: Boolean Logic & Number Conversions 

●​ Math Concepts Introduced: Boolean algebra (AND, OR, NOT), number conversions 
(decimal to binary). 

●​ How It Improves Thinking: Develops cause-and-effect reasoning, crucial for 
understanding logic gates and circuits. 

●​ How It Reinforces Quantum Concepts: Boolean logic prepares students for classical 
computing, which they will later compare to quantum logic gates. 
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4th Grade: Probability & Uncertainty 

●​ Math Concepts Introduced: Basic probability (coin flips, dice rolls), probability 
distributions, early set theory. 

●​ How It Improves Thinking: Encourages critical thinking about uncertainty and 
randomness in real-world problems. 

●​ How It Reinforces Quantum Concepts: Establishes an understanding of probabilistic 
outcomes, a fundamental principle in quantum mechanics. 

5th Grade: Relationships & Entanglement Concepts 

●​ Math Concepts Introduced: Paired relationships (sets and symmetry), basic 
combinatorics. 

●​ How It Improves Thinking: Strengthens relational reasoning by identifying how 
elements interact in complex systems. 

●​ How It Reinforces Quantum Concepts: Prepares students for quantum entanglement, 
where two particles remain linked regardless of distance. 

 

Middle School (Grades 6-8): From Classical Computing to 
Quantum Pre-Programming 

Now, students deepen their understanding of logic, probability, algebra, and geometry, which 
are critical for developing algorithms and programming skills. 

6th Grade: Boolean Logic & Truth Tables 

●​ Math Concepts Introduced: Boolean operations, truth tables, logic circuits. 
●​ How It Improves Thinking: Strengthens logical deduction skills and the ability to 

analyze decision trees. 
●​ How It Reinforces Quantum Concepts: Prepares students for quantum logic gates, 

which operate differently than classical gates. 
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7th Grade: Probability Theory & Graphing 

●​ Math Concepts Introduced: Probability distributions, statistics, frequency analysis, data 
visualization. 

●​ How It Improves Thinking: Develops data interpretation skills and the ability to 
predict outcomes based on trends. 

●​ How It Reinforces Quantum Concepts: Prepares students for quantum randomness 
and the role of probability in quantum measurements. 

8th Grade: Vectors & Coordinate Systems 

●​ Math Concepts Introduced: Introduction to vectors, coordinate transformations, basic 
matrix operations. 

●​ How It Improves Thinking: Enhances spatial reasoning and multi-dimensional 
problem solving. 

●​ How It Reinforces Quantum Concepts: Vectors are used to represent quantum states, 
and transformations explain quantum gates. 

 

High School (Grades 9-12): Advanced Quantum Math & 
Real-World Applications 

In high school, students apply advanced mathematical principles like complex numbers, 
matrices, eigenvalues, and Fourier transforms, which are essential for quantum algorithms 
and quantum cryptography. 

 

9th Grade: Complex Numbers & Quantum Superposition 

●​ Math Concepts Introduced: Complex numbers, probability amplitudes, vector spaces. 
●​ How It Improves Thinking: Encourages abstract reasoning and handling multiple 

variables in equations. 
●​ How It Reinforces Quantum Concepts: Complex numbers are essential for representing 

quantum wave functions and probability amplitudes. 
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10th Grade: Matrices & Quantum Algorithms 

●​ Math Concepts Introduced: Matrix operations, linear transformations, probability 
amplitudes. 

●​ How It Improves Thinking: Develops systematic problem-solving skills and an 
understanding of multi-step transformations. 

●​ How It Reinforces Quantum Concepts: Matrices are the foundation for quantum 
gates, which manipulate qubits in quantum circuits. 

 

11th Grade: Eigenvalues, Eigenvectors & Quantum Cryptography 

●​ Math Concepts Introduced: Eigenvalues, eigenvectors, discrete probability 
distributions, matrix exponentiation. 

●​ How It Improves Thinking: Strengthens conceptual understanding of systems that 
change over time. 

●​ How It Reinforces Quantum Concepts: Quantum measurements rely on eigenvalues 
and eigenvectors, which determine observable quantum states. 

12th Grade: Fourier Transforms & Quantum Complexity 

●​ Math Concepts Introduced: Fourier transforms, quantum Fourier transform (QFT), 
computational complexity. 

●​ How It Improves Thinking: Develops pattern recognition in frequency data and an 
understanding of optimization in large systems. 

●​ How It Reinforces Quantum Concepts: The quantum Fourier transform (QFT) is a 
core component of Shor’s algorithm for factoring large numbers exponentially faster 
than classical computers. 
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How the Math Progression Strengthens Critical Thinking & 
Quantum Understanding 

1.​ Elementary school builds intuitive reasoning with logic, patterns, and probability. 
2.​ Middle school introduces structured reasoning with Boolean logic, probability theory, 

and vectors. 
3.​ High school applies rigorous mathematical techniques like complex numbers, 

matrices, and Fourier transforms to real quantum computing problems. 

By the end of 12th grade, students will have:​
 Developed strong analytical skills to think logically and solve problems.​
 Gained experience with abstract mathematical structures used in quantum mechanics.​
 Learned how mathematical principles translate into real-world quantum applications, 
from cryptography to quantum algorithms. 
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