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Importance of K-12 AI Education



AI Ubiquity in our everyday lives



AI is a part of our everyday lives - Seen & Unseen



AI in Manufacturing & Warehouses 



AI in Logistics & Shipping

By 2035



AI in 
Agriculture



AI in Ocean & Coastal Sensing
Detect Harmful Algae BloomsHurricane Modeling



AI in Maritime Weather, Situational Awareness & 
Security



AI in Fashion & Shopping 



AI in Food & Food Production



Deep Fakes: 
Real or Fake?



Magic



AI is Not Magic
1. AI is playing an increasingly prominent role in society:

○ Intelligent assistants
○ Decision making systems
○ Self-driving cars
○ Autonomous robots in the workplace (and someday the home)

2. Informed citizens need to understand the basics of AI as our society faces 
important public policy decisions surrounding AI technologies.

3. AI technologies will cause job loss in some areas, and gains in other areas.

4. There is a growing need for AI-literate workers. Students should be 
encouraged from a young age to consider STEM careers.
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               What is                 ?



Five Big Ideas in AI
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Perception
Perception is the extraction 
of meaning from sensory 
signals.

Human senses vs. computer sensors
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Self-Driving Cars - Sensors & Autonomous Navigation
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AI Agents as Characters & Players
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Recommender Systems



22Machine learning gives computers the ability to learn without being explicitly programmed

Lots of 
Training Data
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Emotion Recognition & Understanding
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Natural Language Understanding
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Common Sense Reasoning
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27
Mobile Medical Diagnosis 



Anatomy 
of a 
Deep Fake



Anatomy of a Deep Fake



30



31



32

Changes in the Nature of Work



Future of Work

● Users
● Decision Makers
● Developers
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Changes in our Culture



Progress Toward K-12 AI Education



K-12 AI Education (Circa May 2018)
● CS K-12 Education is exploding in the US and abroad.
● We are not as far along when it comes to AI, but many countries are trying

China, UK, Thailand, Korea, and EU Countries

● The 2017 CSTA Computing Standards contain just two sentences about AI.
○ Both are for the 11-12 grade band. Nothing for younger students.
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The AI4K12 Initiative, a joint project of:

With funding from National Science 
Foundation ITEST Program 
(DRL-1846073)
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AAAI (Association for the Advancement 
of Artificial Intelligence)

CSTA (Computer Science 
Teachers Association)



● Develop national guidelines for teaching AI in K-12
○ Modeled after the CSTA standards for computing education.
○ Four grade bands: K-2, 3-5, 6-8, and 9-12
○ What should students know? 
○ What should students be able to do?

● Develop a curated AI resource directory for K-12 teachers

● Foster a community of K-12 AI educators, researchers, 
and resource developers 38

Mission



K-12 Teacher 
Working Group Members

Grades K-2
Vicky Sedgwick (Lead)
Susan Amsler-Akacem
Dr. April DeGennaro
Melissa Unger (New)

39

Grades 3-5
Kelly Powers (Lead)
Dr. Marlo Barnett
Dr. Phillip Eaglin
Alexis Cobo (New)

Grades 6-8
Sheena Vaidyanathan (Lead)
Padmaja Bandaru 
Josh Caldwell
Charlotte Dungan
Rachael Smith (New)

Grades 9-12
Jared Amalong (Lead)
Dr. Smadar Bergman
Kate Lockwood
John Chapin (New)



Guidelines, Not Standards   
● Guidance to teachers, educators, curriculum developers, professional 

development providers

● Recommendations, not requirements

● Addresses a diversity of learners and implementations 

● Meant to be revised—a living document
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Principles for Scoping & Refinement of Guidelines

Guidelines need to have real-world relevance to students in that gradeband
1. E.g.,  guidelines would enable students to explain how a self-driving car 

(AI-enabled technology) works and the types AI systems or subsystems 
involved in the functionality and decision making

2. E.g.,  guidelines would enable students to explain the process by which ML 
models are developed from data collection to types of training and sources 
of bias etc

3. E.g., guideline would equip students with the skills to use, modify, and 
create AI systems using developmentally appropriate tools 

4. E.g., understand the implications of AI on ….
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Big Idea #1: Perception - Progression Chart
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bit.ly/36InJgi

https://bit.ly/36InJgi
https://bit.ly/36InJgi


Big Idea #3: Learning - Progression Chart
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bit.ly/3oT0xE9

https://bit.ly/3oT0xE9


Adoption of the Big Ideas 
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Chinese Korean

Turkish● Now being adopted by curriculum developers in the US and 
elsewhere.

● Translations available in Chinese, Japanese, Korean, Arabic, 
Hebrew, Hindi, French, Spanish, German, and Portugese, and 
Turkish.



Big Idea #1 – What should students be able to do?

Grades K-2:
● Identify sensors on computers, robots, 

and intelligent appliances.
● Interact with intelligent agents such as 

Alexa or Siri.
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Grades 3-5:
● Describe how sensor inputs are converted to 

analog or digital signals.
● Demonstrate a limitation of computer perception.
● Build an application using perception 

(possibly with Scratch plugins, or Calypso).
Grades 6-8:

● Explain how sensor limitations affect 
computer perception.

● Explain that perception systems may draw 
on multiple algorithms as well as multiple 
sensors.

● Build an application using multiple sensors 
and types of  perception (possibly with 
Scratch plugins, or Calypso).

Grades 9-12:
● Describe the domain knowledge 

underlying different forms of computer 
perception.

● Demonstrate speech recognition difficulty 
in handling homophones and other types 
of ambiguity.



Big Idea #2 – What should students be able to do?

Grades K-2:
● Construct a model of something and 

compare it to the thing being modeled
● Use a decision tree to make a decision
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Grades 3-5:
● Create/design a representation of an 

(animal) classification system using a 
tree structure.

● Describe how AI representations support 
reasoning to answer questionsGrades 6-8:

● Design a graph model of their home or 
locations in their community and apply 
reasoning to determine the shortest 
path to key locations on their map

● Create/design a representation of an 
(animal) classification system using a tree 
structure.

Grades 9-12:
● Draw a search tree for tic-tac-toe
● Describe the differences between types 

of search algorithms



Grades K-2:
● Learn from patterns in data with 

“unplugged” activities
● Use a classifier that recognizes 

drawings. Use Google Autodraw or 
Cognimates Train Doodle to investigate 
how training sets work to identify images 
and discuss how the program knows what 
they are drawing

Big Idea #3 – What should students be able to do?
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Grades 3-5:
● Describe and compare the three different 

machine learning approaches: supervised, 
unsupervised and reinforcement learning.

● Modify an interactive machine learning 
project by training its model.

● Describe how algorithms and machine learning 
can exhibit biases.

Grades 6-8:
● Identify bias in a training data set and 

extend the training set to address the 
bias

● Hand-simulate the training of a simple 
neural network

Grades 9-12:
● Train a neural net (1-3 layers)

 TensorFlow Playground
● Trace and experiment with a simple ML 

algorithm



Big Idea #4 – What should students be able to do?

Grades K-2:
● Identify words in stories that have positive 

and negative connotations. 
● Recognize and label facial expressions into 

appropriate emotions (happiness, sadness, 
anger) and explain why they are labeled the way 
they are

● Experiment with software that recognizes 
emotions in facial expressions

48

Grades 3-5:
● Identify how humans combine multiple 

inputs (tone, facial expressions, posture, 
etc) in order to understand 
communication.

● Describe some tasks where AI outperforms 
humans, and tasks where it does not

Grades 6-8:
● Construct a simple chatbot
● Explain and give examples of how language 

can be ambiguous
● Reason about the nature of intelligence, and 

identify approaches to determining whether 
an agent is or is not intelligent.

Grades 9-12:
● Demonstrate how sentence parsers 

handle ambiguity
● Explore the Google Knowledge Graph
● Identify and debate the issues of AI and 

consciousness 



Grades K-2:
● Identify common AI applications 

encountered in their daily lives
● Discuss whether common uses of AI 

technology are a good or bad thing

Big Idea #5 – What should students be able to do?
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Grades 3-5:
● Explore how behavior is influenced by 

bias and how it affects decision making
● Describe ways that AI systems can be 

designed for inclusivity

Grades 6-8:
● Explain potential sources of bias in AI 

decision making
● Understand tradeoffs in the design of 

AI systems and how decisions can 
have unintended consequences in the 
function of a system

Grades 9-12:
● Critically explore the positive and 

negative impacts of an AI system
● Design an AI system to address social 

issues (or explain how AI could be used 
to address a social issue)



AI in the

Integration, Standalone CS Courses, 
& Pathways 
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Snapshot: 
AI For K-12 Working Group Perspective on the Guidelines



AI into the Curriculum: 
Grades K-2
● Integration all subjects 

including computing
● Mostly unplugged & 

Teacher lead Demos

Grades 3-5
● Integration all subjects 

including computing
● Mix: unplugged, AI tools 

Grades 6-8
● Integration all subjects 

including computing
● Standalone Course 
● Pathway

Grades 9-12
● Integration into CS Courses
● Standalone Course 
● Pathway



Guidelines for supporting K-12 students 
1. Use transparent AI 

demonstrations that help 
students see what is going on 
inside the black box: it’s not 
magic!

2. Help students build mental 
models of what is happening 
under the hood in AI applications.

3. Encourage students to develop 
AI applications using AI services.
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https://www.youtube.com/watch?v=rEDzUT3ymw4
https://www.youtube.com/watch?v=rEDzUT3ymw4


Student Activity Considerations
● Experiment with AI agents to 

investigate their behavior 

● Hand simulate AI algorithms

● Encourage students to build 
their own AI applications

● Explore case studies of 
AI-related societal issues from 
multiple perspectives

These activities promote 
understanding of:

● How AI works
● Limitations of AI
● Systems thinking (AI systems 

are built from smaller 
components)

● Sources of bias in AI
● Societal impacts of AI systems
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Diversity, Equity, & Inclusion



Overview of AI Tools & Resources 
for K-12
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Frameworks



Professional Development Course
Artificial Intelligence Explorations and Their Practical Use in Schools
www.iste.org/learn/iste-u/artificial-intelligence
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https://www.iste.org/learn/iste-u/artificial-intelligence


AI4All: Online Student Portal
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The AI4All Open Learning platform will offer a series of online AI courses for high 
school students. As of summer 2019, the first course is in beta test. This courses 
focuses on the basics of machine learning.

http://ai-4-all.org/open-learning

http://ai-4-all.org/open-learning


High School Curricula AI Foundations by ISTE and IBM

Exploring Computer Science - AI Unit

http://www.exploringcs.org/for-teachers
-districts/artificial-intelligence

https://www.ptech.org/open-p-tech/curriculum/artificial-int
elligence/ai-foundations-powered-by-iste-and-ibm/

http://www.exploringcs.org/for-teachers-districts/artificial-intelligence
http://www.exploringcs.org/for-teachers-districts/artificial-intelligence
https://www.ptech.org/open-p-tech/curriculum/artificial-intelligence/ai-foundations-powered-by-iste-and-ibm/
https://www.ptech.org/open-p-tech/curriculum/artificial-intelligence/ai-foundations-powered-by-iste-and-ibm/


https://code.org/ai

https://code.org/ai


Microsoft’s 
Farm Beats Kit

The easy-to-use FarmBeats kit includes 
● preconfigured Microsoft Azure cloud services
●  a Raspberry Pi with soil moisture, light, ambient 

temperature, and humidity sensors to collect 
data. 

● The data is then visualized in an online 
dashboard that provides insights to help students.

Partnership
Future Farmers of America and Microsoft are working 
together to create activity guides and resources to help 
chapters get started with using the technology.



AIY - With Google
https://aiyprojects.withgoogle.com/





MIT AI Education Website - https://aieducation.mit.edu/



MIT Curricula & Research - https://aieducation.mit.edu/projects.html



MIT Curricula & Research - https://aieducation.mit.edu/projects.html



MIT Curricula & Research - https://aieducation.mit.edu/projects.html



Book Series for younger children
Ready AI AI+Me 5 Big Idea Book Series 



Books: Contemporary AI Issues 

Appropriate for Adults & High School Students



Activity, Resources, and Tool Collections 

AI for Teachers
https://aiforteachers.org/teaching-resources

AI4K12 Resource Directory 
ai4k12.org 

https://aiforteachers.org/teaching-resources
https://github.com/touretzkyds/ai4k12/wiki/Resource-Directory


Browser-based Tools 
& Demos



Google’s Quick, Draw!
https://quickdraw.withgoogle.com/
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https://quickdraw.withgoogle.com/


● Teach a machine using 
your camera.

● Live, in the browser.
● No coding required.

73https://experiments.withgoogle.com/teachable-machine

Built with TensorFlow

https://experiments.withgoogle.com/teachable-machine


Machine Learning for Kids 
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https://machinelearningforkids.co.uk

It is being built by Dale Lane using APIs from IBM Watson Developer Cloud.

https://machinelearningforkids.co.uk


TensorFlow Playground

75
Tutorial: https://cloud.google.com/blog/products/gcp/understanding-neural-networks-with-tensorflow-playground

https://playground.tensorflow.org

https://cloud.google.com/blog/products/gcp/understanding-neural-networks-with-tensorflow-playground
https://playground.tensorflow.org


http://cognimates.me

(Don’t assume they don’t know scratch)

Overview: Highlight the different plug-in 

Speech Recognition

Image Recognition

Emotion Recognition
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Cognimates offers AI extensions 
for Scratch, such as:
● speech recognition
● sentiment analysis
● visual pattern detection
● robot control

Created by Stefania Druga, Personal Robots Group at MIT Media Lab, directed by Cynthia Breazeal

http://cognimates.me


Calypso for Cozmo

● A robot intelligence framework that 
Incorporates multiple AI technologies:

○ Computer vision; face recognition
○ Speech recognition and generation
○ Landmark-based navigation
○ Path planning
○ Object manipulation

● Rule-based pattern matching language
inspired by Microsoft’s Kodu Game Lab

● Teaches computational thinking: “Laws of Calypso”, idioms, etc.
● Web site: https://Calypso.software 77

Calypso

world mapperception

rules

speech
recognition

https://calypso.software


AI + ME (AI and Me)

“AI+ME” is an online experience intended 
to provide young learners with the basics 
of AI. The lesson takes about one hour to 
complete. This is the first publicly 
available course introducing students to 
the “Five Big Ideas in AI” as defined by 
the AI4K12 Initiative.

Target Audience: Elementary School
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edu.readyai.org/courses/aime/

https://edu.readyai.org/courses/aime/


Summer Camps

● National organizations
● Local districts & universities



Summer
Camp



WAICY: World Artificial Intelligence 
Competition for Youth

“S.T.E.A.M.-Powered A.I.”
- 50/50 Rubric
- Winning Project

https://www.waicy.org/

https://www.youtube.com/watch?v=Z300uzP3sTo
https://www.waicy.org/


Next Steps



Suggested Next Steps
● Seek out Professional learning opportunities & bring a friend
● Develop cross-curricular project with colleagues
● Review the draft AI4K12 Big Idea #1 & 3 Grade band progression charts
● Help us build a community
● Find out what is happening in your state
● Join our mailing list

Our Next Steps

● The State of AI Education in Your State Workshop (11 states)
● Issuing a report in Summer 2021
● Release Big Ideas #2, 4, & 5



Visit us:
http://AI4K12.org

Join the mailing list:
https://aaai.org/Organization/mailing-lists.php

It’s time for all of us to think about AI in K-12.
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