Quantum Computing through the Concept of Measuring Perturbs States

Myrna P. Banabana

Teacher Leadership Shilgozhoo Institute (TLSI)

2024

Author Note:

Myrna P. Banabana, is a 3rd Grade teacher of Rice Intermediate School, San Carlos, Arizona.
Correspondence about this curriculum unit can be addressed to Myrna P. Banabana, 1300 East
Cedar St., Globe, AZ 85501. Email contact: m.banabana@sancarlos.k12.az.us .



mailto:m.banabana@sancarlos.k12.az.us

Introduction

This curriculum unit is designed to introduce 3'-grade students to the fascinating world of
quantum computing through the concept of measuring perturbs states. At this grade level, students
are beginning to develop foundational skill in Science, Mathematics and critical thinking. This
unit will engage their curiosity about the natural world, provide hands-on learning experiences,
and foster an early interest in technology and computer science.

Introducing quantum computing to third graders through the concept of measuring perturbations
in states can be both fascinating and educational. First, quantum computing is like magic for
computers and measuring perturbations discuss how small changes can affect measurements. This
idea can help students understand that even little things can make a big difference, which is a
valuable lesson in both science and life.

Second, explaining how quantum computers measure changes helps simplify complex ideas. Itis
like a game where you need to find hidden treasures but the map keeps on changing! Quantum
computers can quickly adapt to these changes, just like how students can learn to adjust their
strategies in a game. This concept teaches students to see that technology isn’t just about
computers; it’s about creativity and problem-solving. This can inspire them to think critically and
explore their own ideas about technology.

Third, using relatable examples can make the topic more engaging. For instance, comparing the
measurement of quantum states to how we measure temperature or weight can help students grasp
the concept better. They can visualize how measuring something can lead to new discoveries, just
like a scientist finding out something new about the world. This approach not only makes learning
fun but also encourages curiosity and exploration, vital traits for young learners.

Finally, emphasizing the future impact of quantum computing can motivate students to think about
their roles in shaping technology. By understanding that measuring small changes can lead to big
breakthroughs, kids can feel empowered to pursue interests in science and technology. They might
dream of becoming the next great inventor or scientist, contributing to amazing discoveries.
Overall, introducing quantum computing and the concept of measuring perturbations in states in a
fun and relatable way can spark an interest in science that lasts a lifetime.

Context

The San Carlos Apache Indian Reservation, located in the Gila County, Arizona, is home to the
San Carlos Apache Tribe, a community rich in history, culture, and resilience. Established in the
late 19th century, the reservation covers approximately 1.8 million acres in the eastern part of the
state and encompasses a diverse landscape, including mountains, rivers, and forests.



The Apache people have a long and storied history, with ancestral roots tracing back thousands of
years. The San Carlos Apache Tribe, specifically, has faced numerous challenges, including
displacement and conflict during the westward expansion of the United States. The establishment
of the reservation in 1871 was a response to these pressures, providing a designated area for the
Apache to maintain their culture and way of life.

Language is a vital aspect of Apache culture. The San Carlos Apache people primarily speak
Apache, a member of the Athabaskan language family. Efforts are being made to revitalize the
language among younger generations, as it is closely tied to cultural identity and traditional
practices.

The San Carlos Apache Indian Reservation is a vibrant community with a rich cultural heritage
and a resilient spirit. The geography of the reservation plays a crucial role in shaping the Apache
way of life, providing resources and spiritual significance. As the tribe navigates contemporary
challenges, efforts to preserve cultural practices, promote economic development, and improve
health and education are vital for ensuring the future of the San Carlos Apache people. Through
resilience and cultural pride, the tribe continues to honor its past while looking toward a hopeful
future.

Rice Intermediate School, located in the San Carlos Unified School District in Arizona, represents
a vibrant educational institution dedicated to fostering the growth and development of its students.
Serving grades 3 through 5, the school plays a significant role in the academic and social lives of
its students, offering a supportive and enriching environment that empowers them to achieve their
fullest potential.

Staying true to the school’s mission statement, “We exist to educate and empower students to
become culturally responsive, global Nn'ee”, the school continues to uphold its commitment to
excellence in education, ensuring that each student is prepared for future academic endeavors and
personal growth but still embracing the Apache culture.

Rice Intermediate School serves a diverse student body, reflective of the rich cultural tapestry of
the San Carlos community. The school primarily caters to students who belong to Native American
and Asian populations. This diversity is celebrated through various cultural events and activities,
promoting inclusivity and respect among students.

The school maintains strong ties with the San Carlos community, encouraging parental and
community involvement in school activities. Regular events such as parent-teacher conferences,
open houses, and community service projects foster a sense of belonging and partnership among
families, educators, and local organizations.

The school also collaborates with community leaders and organizations to provide resources and
support for students and their families. Initiatives such as mentorship programs, tutoring services,
and health and wellness workshops are designed to address the holistic needs of students, ensuring
they have the tools necessary for success both in and out of school.



As a third-grade teacher at Rice Intermediate School, San Carlos Unified School District in San
Carlos, Arizona, | am committed to integrating more technology into our curriculum, providing
students with essential skills for the 21st century. Plans for expansion of extracurricular activities,
including STEM programs and arts initiatives, are already initiated by the school.

The school has been recognized as a “Promising Practices Professional Learning Community at
Work” by Solution Tree. The first Native American school to receive the Promising Practices
School achievement.

Over the years, Rice Intermediate School has evolved, adapting to changes in educational
standards, technology, and the diverse needs of its student population. The school continues to
uphold its commitment to excellence in education, ensuring that each student is prepared for future
academic endeavors and personal growth.

Rationale

In an ever-evolving technological landscape, it is crucial to introduce complex concepts to young
learners in a manner that is both engaging and comprehensible. This rationale discusses the
creation of a curriculum unit focused on measuring perturbed states in quantum computing for 3rd
graders. The unit aims to discover quantum computing, making it accessible while connecting it
to students’ cultural, familial, and community contexts.

Quantum computing represents a significant advancement in technology, promising to
revolutionize fields ranging from cryptography to medicine. Introducing these concepts at an early
age is essential for fostering interest in STEM (Science, Technology, Engineering, and
Mathematics) fields. While it may seem ambitious to tackle such complex subject matter in
elementary school, the principles of quantum computing can be simplified and related to students'
everyday experiences, making them both meaningful and relevant.

Measuring perturbed states in quantum computing is a fascinating entry point into the world of
quantum mechanics. Perturbation refers to a small change in a system that can significantly affect
its state. This idea can be linked to changes in students' lives, such as moving to a new school or
experiencing changes in family dynamics. By framing the curriculum around this concept, we can
create a relatable narrative that encourages students to explore the impact of small changes on
larger systems—both in quantum mechanics and in their own lives.

At the 3rd-grade level, students are beginning to develop critical thinking and problem-solving
skills. They are also increasingly curious about the world around them. Introducing basic quantum
concepts aligns with their cognitive development, as they are ready to explore abstract ideas
through hands-on activities and inquiry-based learning. The curriculum unit will utilize interactive
experiments, storytelling, and visual aids to engage students, making complex scientific ideas
tangible.



One of the most enriching aspects of education is its ability to reflect and honor the diverse cultural
backgrounds of students. Many cultures have historical ties to the development of scientific ideas.
For instance, Indigenous knowledge systems often emphasize interconnectedness and the impact
of seemingly minor changes on the environment. By integrating these cultural perspectives into
the curriculum, we can foster an appreciation for both quantum mechanics and the diverse histories
that shape our understanding of science.

Incorporating family and community into the curriculum unit will enhance students' learning
experiences. For example, we can encourage students to interview family members about their
experiences with change and adaptation. These stories can then At the 3rd-grade level, students
are beginning to develop critical thinking and problem-solving skills. They are also increasingly
curious about the world around them. Introducing basic quantum concepts aligns with their
cognitive development, as they are ready to explore abstract ideas through hands-on activities and
inquiry-based learning. The curriculum unit will utilize interactive experiments, storytelling, and
visual aids to engage students, making complex scientific ideas tangible.

The curriculum unit will be structured around several key components, each designed to build on
students' understanding gradually:

1. Introduction to Quantum Concepts: Students will learn what quantum computing is,
focusing on basic terms like "state,” "perturbation," and "measurement.” This will be done
through simplified explanations and visual aids.

2. Hands-On Activities: Engaging activities, such as using marbles to represent particles and
observing how small changes (like adding or removing marbles) can affect the system, will
help students grasp the concept of perturbation in a concrete way.

3. Storytelling: Incorporating stories that reflect students' cultural backgrounds will help
contextualize the scientific concepts. For example, a story about a character experiencing
a change in their environment can parallel the idea of a perturbed state.

4. Community Involvement: Students will be encouraged to bring in examples from their
families about how small changes can lead to significant outcomes, fostering a sense of
community and shared learning.

5. Reflection and Assessment: Finally, students will reflect on what they have learned
through creative projects, such as drawing or writing stories about their own experiences
with change, reinforcing the connection between their lives and the scientific principles
they have explored

By introducing these concepts at an early age, we aim to cultivate a mindset that values curiosity,
resilience, and adaptability. Understanding that small changes can lead to significant impacts can
empower students to approach challenges in their lives with a scientific perspective. This



curriculum unit not only serves to educate students about quantum computing but also equips them
with critical thinking skills applicable across various aspects of their lives.

In conclusion, the curriculum unit on measuring perturbed states in quantum computing for 3rd
graders is an innovative approach to teaching complex scientific concepts. By connecting these
ideas to students' cultures, families, and communities, we create a meaningful and engaging
learning experience. This unit not only fosters interest in STEM fields but also promotes critical
thinking and adaptability—skills that are essential for navigating the complexities of the modern
world. Through this curriculum, we hope to inspire the next generation of thinkers, innovators,
and problem solvers.

Content Objectives
Subject Matter Overview

This unit focuses on introducing 3rd-grade students to the exciting world of quantum computing
and how it helps us measure "perturbed states.” A perturbed state is a term used in science to
describe a situation where something has changed from its normal condition. In quantum
computing, we can use special computers to understand these changes better. The unit will be
engaging, interactive, and will use simple language and relatable examples to make complex
concepts accessible.

Essential Background Ideas and Concepts
1. What is Quantum Computing?

o Definition: Quantum computing is a type of computing that uses the principles of
quantum mechanics, the science that explains how very small particles, like atoms
and photons, behave.

o Key Concepts:

= Qubits: Unlike traditional computers that use bits (0s and 1s), quantum
computers use qubits, which can be both 0 and 1 at the same time because
of a property called superposition.

= Entanglement: Qubits can be entangled, meaning the state of one qubit can
depend on the state of another, no matter how far apart they are.

2. Understanding Perturbed States



o Definition: In simple terms, a perturbed state refers to a change or disturbance in a
system. For example, if you drop a stone into a pond, the ripples are a way of
showing how the water has been perturbed.

o Real-World Example: When we measure how much a ball bounces after hitting the
ground, we look at its perturbed state compared to when it was just sitting still.

3. Why Measure Perturbed States?

o Importance: Measuring these states helps scientists understand how systems behave
under different conditions, such as temperature changes or magnetic fields. This
understanding can lead to advancements in technology and science.

4. How Quantum Computing Helps

o Advanced Measurements: Quantum computers can process a lot of information
very quickly, which allows scientists to measure perturbed states in ways that
traditional computers cannot.

o Simulations: They can simulate complex systems to predict how changes will affect
them, providing valuable insights.

Learning Objectives
By the end of this unit, students will be able to:
1. Define Key Terms:

o Understand and explain what quantum computing, qubits, superposition,
entanglement, and perturbed states mean.

2. Recognize the Relevance:

o ldentify everyday examples of perturbed states, such as changes in weather
patterns, or how objects behave when they are pushed or pulled.

3. Explore Quantum Computing Basics:

o Describe how quantum computers differ from traditional computers and why these
differences are important for measuring perturbed states.

4. Engage in Interactive Learning:

o Participate in hands-on activities that demonstrate the concepts of superposition and
entanglement, such as using simple games and visual aids.



5. Apply Knowledge:

o Work on group projects where they simulate measuring a perturbed state using
simple models or computer simulations designed for kids.

Suggested Activities and Materials
1. Interactive Games:

o Use games that introduce the concept of superposition and entanglement through
fun challenges. For example, a ""choose your own adventure™ game where students
make choices that represent quantum states.

2. Visual Aids:

o Create colorful charts and diagrams to illustrate how qubits work and how they can
change states. Use visuals to show the concept of ripples in water as a metaphor for
perturbed states.

3. Hands-on Simulations:

o Use software designed for kids to simulate simple quantum computing
experiments. Websites like "Quantum Odyssey" or apps that visualize qubit
behavior can be great tools.

4. Storytelling:

o Incorporate stories about scientists and their discoveries in quantum physics,
making the learning experience relatable and inspiring.

5. Group Projects:

o Have students work in teams to create a presentation or a poster that explains what
they learned about perturbed states and how quantum computing helps measure
them.

6. Field Trip:

o If possible, arrange a visit to a local science museum or a university lab where
students can see quantum technology in action.



Assessment
Students will be assessed through:
1. Participation in Activities:
o Engagement in hands-on activities and games will be observed and encouraged.
2. Quizzes:
o Short quizzes at the end of the unit to check understanding of key concepts.
3. Group Project Presentation:

o Evaluation based on clarity, creativity, and teamwork in presenting their projects
about perturbed states.

4. Reflection Journal:

o Students will maintain a reflection journal where they can write about what they
learned, what surprised them, and how they can relate quantum concepts to their
everyday lives.

In conclusion, this unit aims to simplify the complex ideas of quantum computing and measuring
perturbs state.

Teaching Strategies

Here are some teaching strategies for introducing the concept of measuring perturb states in
guantum computing to 3rd grade students:

1. Storytelling with Characters: Create a story where characters represent different
guantum states. Use relatable traits to explain how these characters change when
"measured" or observed.

2. Hands-on Activities: Use simple physical objects (like balls or colored blocks) to
represent quantum states. Have students "measure™ the states by changing their
positions or colors to illustrate the concept of measurement affecting state.

3. Visual Aids: Incorporate drawings or animations that show how a quantum state can
change when it is measured. Use bright colors and fun graphics to keep students
engaged.



4. Games and Simulations: Develop a simple game where students have to make choices
that affect outcomes. This can help them understand the idea of measurement and its
impact on states.

5. Interactive Models: Use interactive models or toys that demonstrate basic principles
of quantum states, such as superposition, in a tangible way that students can manipulate.

6. Group Discussions: Encourage students to discuss what they think happens when
something is observed. Guide them to the idea that measuring changes the state, using
examples they can relate to.

7. Analogies with Everyday Life: Compare quantum measurement to everyday
experiences, like changing a light bulb (the light changes when you turn it on or off) to
illustrate how observation can change what you see.

8. Simple Experiments: Conduct simple experiments, like dropping a ball to see how it
behaves. Relate the outcome to how measuring a quantum state can lead to different
results.

9. Art and Craft: Have students create art that represents different quantum states. They
can then present their artwork and explain how their representation changes when
"measured.”

10. Use of Technology: If available, introduce basic programming tools or apps that
simulate quantum states and measurements in a playful way, allowing students to
experiment with what they’ve learned.

By making these concepts relatable and engaging, students can grasp the foundational ideas
behind quantum computing in a fun and meaningful way.

Classroom Activities

Creating engaging and age-appropriate activities for 3rd graders to understand the concept of
measuring perturbed states with quantum computing can be quite challenging, given the
complexity of the subject. However, we can simplify the ideas and create fun, interactive
lessons to introduce basic concepts of quantum states and measurements.

At Rice Intermediate School, students are highly engaged in a variety of classroom activities
that make learning both fun and interactive. From hands-on science experiments to



collaborative group projects in social studies, students are encouraged to explore their interests
and develop problem-solving skills. Teachers incorporate creative tools like educational
games, art projects, and technology to keep lessons engaging. Students particularly enjoy
activities that allow them to work in teams, fostering a sense of community and cooperation.
The school’s focus on experiential learning helps students connect with the material on a
deeper level, making lessons memorable and meaningful. As a result, Rice Intermediate
students are not only excited about learning but also actively participate in discussions and
classroom challenges.

Here are some activities:
Activity 1: Quantum Superposition with Coins
Objective: Introduce the concept of superposition in a visual and tangible way.
Materials:
o Coins (two per student)
o A large poster or whiteboard
Instructions:

1. Introduction to States: Explain that in quantum mechanics, particles can be in multiple
states at once. Use the analogy of a coin being heads (H) or tails (T).

2. Superposition: Ask students to hold one coin in each hand. Have them flip both coins
and show the result. Discuss how each coin can be either heads or tails.

3. Group Activity: Create a chart on the poster that has columns for HH, HT, TH, TT.
As students flip their coins, they will record their outcomes on the chart.

4. Discussion: Explain that before they flipped the coins, they were in a “superposition”
of states (they could be anything). When they flipped them, they "measured" the state.

Activity 2: Quantum Measurement Game
Objective: Teach about measurement and its effect on state.
Materials:

o A set of colored balls (red, blue, green)



A box or bag to hold the balls

Instructions:

1.

Set Up: Place several balls of different colors in the box. Explain that this box
represents a quantum state with multiple possibilities.

Guess the Color: Ask students to guess which color ball they think is the most likely
(without looking).

Measurement: After they make their guesses, let them pull out one ball without
looking. This act represents measurement in quantum mechanics.

Discussion: Talk about how before they pulled the ball out, all colors were possible,
but after pulling one, they "collapsed" the possibilities to just that one color.

Activity 3: Quantum Dance Party

Objective: Understand the concept of states and transitions.

Materials:

Music

Space for dancing

Instructions:

1.

Dance Representations: Assign each dance move a "quantum state” (e.g., spin = state
A, jump = state B, clap = state C).

Superposition Dance: Play music and allow students to dance freely, representing
being in a superposition of states.

Stop the Music: When the music stops, each student must freeze in one of the dance
moves. Discuss how when they stopped, they "measured” their state.

Reflection: Ask students how it felt to be in multiple states and what it was like to
choose one when the music stopped.

Activity 4: Quantum Storytime

Objective: Introduce concepts of quantum states and measurement through storytelling.



Materials:
o A storybook or a simple script
Instructions:

1. Create a Story: Write a simple story about a magical box that can hold different
characters (like a superhero, a princess, etc.) until someone opens it.

2. Reading: Read the story to the class, emphasizing the moment when the box is opened
(the measurement).

3. Discussion: After the story, discuss what it means for the box to hold many characters
and what happens when it's opened (the choice of which character appears).

4. Creative Activity: Have students draw their own magical box and the characters that
might be inside.

These activities aim to introduce fundamental concepts of quantum mechanics in a fun and
engaging way that is suitable for 3rd graders. The focus is on building intuition around ideas
like superposition and measurement through interactive play and storytelling.

Student Assessment Plan

This curriculum unit introduces 3rd grade students to the concept of quantum computing and
how it can be used to measure perturbed states. The assessment plan will focus on evaluating
students’ understanding through a variety of methods, including hands-on activities,
discussions, and a simple quiz.

Assessment Methods
1. Hands-On Activity: ""Quantum States Experiment"*

o Objective: Students will conduct a simple experiment to demonstrate the
concept of measuring states.

o Materials Needed:

= Colored balls (representing different quantum states)



= A Dbox (to simulate measurement)
= A chart for recording results
o Instructions:
Students will take turns picking a ball from the box without looking.
After picking, they will describe the color (state) and then return the ball.
They will repeat this process several times and record the frequency of each color.
Discuss how their observations relate to measuring quantum states and perturbed states.
o Assessment Criteria:
= Participation in the activity.
= Ability to describe their process and findings.

= Understanding how their results relate to the concept of quantum
measurement.

2. Class Discussion: ""What is Quantum Computing?**

o Objective: Evaluate students' ability to articulate their understanding of
quantum computing.

o Method: Facilitate a group discussion where students share what they learned
about quantum computing and perturbed states.

o Assessment Criteria:
= Contribution to the discussion.
= Clarity of explanations.
= Ability to connect concepts discussed in class.
3. Quiz: ""Measuring Quantum States"'

o Format: A short quiz with multiple-choice and true/false questions.



o Sample Questions:
1. What is a quantum state?
= a) A type of computer
= b) A way to measure something
= ) A color of a ball
2. True or False: Measuring a quantum state can change it.
3. Which tool helps us understand quantum states?
= a) A calculator
= b) A box of colored balls
= ) A regular computer
o Assessment Criteria:
= Correctness of answers.

= Understanding of key concepts.

Documentation
1. Activity Instructions Document:
o Title: "Quantum States Experiment Instructions”
o Content:
= Detailed step-by-step instructions for the hands-on activity.
= Explanation of how to record and interpret results.
= Questions for students to consider during the experiment.

2. Quiz Document:



o Title: "Measuring Quantum States Quiz"
o Content:
= Alist of quiz questions (as provided above).

= Space for students to write their answers.

Reflection and Feedback

After each assessment method, provide students with feedback on their performance.
Encourage them to reflect on what they learned and how they can apply these concepts in
different contexts.

To sum it up, this assessment plan aims to create a comprehensive understanding of measuring
perturbed states using quantum computing for 3rd grade students through engaging activities,
discussions, and quizzes. By employing varied assessment methods, we can cater to different
learning styles and ensure a deeper grasp of the subject matter.

Alignment to the Standards

This curriculum unit aligns with the Arizona State Standards in Science and Mathematics,
particularly focusing on:

1. 3.P2U1.1 Ask questions and investigate the relationship between light,
objects, and the human eye.

2. 3.P2U1.2 Plan and carry out an investigation to explore how sound waves
affect objects at varying distances.

3. 3.P4U1.3 Develop and use models to describe how light and sound waves
transfer energy.

4. 2.P1U1.1 Plan and carry out an investigation to determine that matter has
mass, takes up space, and is recognized by its observable properties; use the
collected evidence to develop and support an explanation.

5. 2.P1U1.2 Plan and carry out investigations to gather evidence to support an
explanation on how heating or cooling can cause a phase change in matter.

6. 3.0A.D.10 When solving problems, assess the reasonableness of answers
using mental computation and estimation strategies including rounding.



Alignment to CRAIS Tool Principles:
This curriculum unit is designed in accordance with the CRAIS Tool principles, specifically:
1. Culturally Relevant: The unit incorporates diverse examples and applications of
quantum computing, ensuring relevance to a wide range of students' backgrounds and
experiences.
2. Responsive: Instructional strategies are adapted to meet the varied learning needs of
students, promoting an inclusive classroom environment.
3. Authentic: The curriculum includes real-world applications of quantum computing,
allowing students to engage with current technologies and practices in the field.
4. Integrative: The unit integrates cross-disciplinary approaches, linking concepts from
physics, mathematics, and computer science to provide a comprehensive
understanding of measuring perturbed states.

Conclusion

By connecting the unit on measuring perturbed states using quantum computing with both
state curriculum standards and CRAIS Tool principles, we ensure that students gain a robust
educational experience that is relevant, inclusive, and applicable to real-world contexts. This
alignment fosters critical thinking and prepares students for advanced studies and careers in
science and technology

Resources

Here are three distinct annotated lists of resources for teachers, students, and classroom
materials focused on measuring perturbations in quantum computing, tailored for a 3rd-grade
level.
A. Teacher Background Reading
1. "Quantum Physics for Beginners' by Carl J. Pratt
o Annotation: This book simplifies complex quantum concepts for educators,
providing foundational knowledge that can help teachers explain quantum
phenomena to young learners. The illustrations and analogies make it
accessible for teachers with little background in physics.
2. "Quantum Computing for Kids" by Sarah J. Smith
o Annotation: Aimed at educators, this resource dives into the basics of
guantum computing. It includes practical examples and activities that can be
adapted for classroom use, making it easier for teachers to introduce the topic
to students.
3. "The Physics of Superheroes’ by James Kakalios



o Annotation: While not specifically about quantum computing, this book uses
superhero stories to explain physics concepts. Teachers can use these engaging
narratives to connect quantum principles to familiar and fun contexts, helping
students grasp abstract ideas.

B. Student Reading
1. ""Max Goes to the Quantum Realm" by Emily R. Stone

o Annotation: This illustrated storybook follows a young boy, Max, as he

explores the quantum realm. It introduces basic quantum concepts like

superposition and entanglement in a fun and relatable way, perfect for 3rd
graders.

2. "Quantum Physics for Kids" by Mira T. Wells
o Annotation: A colorful introduction to quantum physics, this book breaks
down concepts like particles and waves using simple language and engaging
visuals. It encourages curiosity and provides a solid foundation for
understanding more complex ideas later.
3. "The Amazing World of Quantum Computing" by Greg W. Adams
o Annotation: This book presents quantum computing through fun experiments
and activities that 3rd graders can relate to. It includes puzzles and challenges
that make learning interactive and exciting.

C. Materials for Classroom Use
1. Quantum Computing Activity Kit
o Annotation: This kit includes hands-on materials that allow students to
simulate quantum computing concepts through games and activities. It focuses
on superposition and measurement, making it suitable for interactive learning.
2. "Quantum Explorations™ Interactive App
o Annotation: An educational app that introduces young learners to quantum
concepts through gamified experiences. The app allows students to visualize
quantum states and perturbations, enhancing their understanding through
engaging gameplay.
3. "Quantum States and Perturbations' Classroom Posters
o Annotation: These colorful posters provide visual aids that explain quantum
states and how perturbations can affect them. They can be used as reference
materials in the classroom to reinforce learning and spark discussions among
students.
These resources collectively provide a comprehensive approach to teaching quantum

computing concepts to young learners, ensuring that both teachers and students have the
necessary tools to explore this fascinating subject.
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