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Artificial Intelligence is powering 
our lives, economy, and workforce



AI is a Part of Our Everyday Lives - Seen & Unseen
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AI in Manufacturing & Warehouses 
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AI in Logistics & Shipping

By 2035
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AI in 
Agriculture
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AI in Ocean & Coastal Sensing

Detect Harmful Algae BloomsHurricane Modeling
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AI in Fashion & Shopping 
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Healthcare 
Mobile Medical Diagnosis 

Rapid DNA Sequencing & Rare Disease 
Diagnosis

Nurse Grace
Health-care humanoid 
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Chatbots

AI in Investment & Stock prediction

Relationship Management

Identifying Trends & Evaluating Risks
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Overview of the AI4K12 Initiative
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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)



Steering Committee

Dave Touretzky
Carnegie Mellon 

AI for K-12 Working Group 
Chair

Christina 
Gardner-McCune, 
University of Florida 
(co-chair)

Deborah Seehorn
Co-Chair of CSTA 

Standards Committee

Christina Gardner-McCune
University of Florida
AI For K-12 Working 

Group Co-Chair
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Five Big Ideas in AI

● Organizing framework for the K-12 
guidelines

● 5 big ideas are enough to cover the 
richness of the field, but small 
enough to be manageable by 
teachers

● Not necessarily the way AI 
practitioners view their field, but 
appropriate for the needs of the 
K-12 audience
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Big Idea #1: Perception
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Computers perceive the world using 
sensors

Perception is the extraction of meaning 
from sensory signals using knowledge.

● Human senses vs. computer sensors
● Types of perception: vision, speech, 

recognition, etc.
● How perception works: algorithms



Big Idea #1: Perception - Concept List
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1-A: Sensing
● 1-A-i: Living Things
● 1-A-ii: Computer Sensors
● 1-A-iii: Digital Encoding

1-B: Processing
● 1-B-i: Sensing vs. Perception
● 1-B-ii: Feature Extraction
● 1-B-iii: Abstraction Pipeline: Language
● 1-B-iv: Abstraction Pipeline: Vision

1-C: Domain Knowledge
● 1-C-i: Types of Domain Knowledge
● 1-C-ii: Inclusivity



Big Idea #2: Representation and Reasoning
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Agents maintain representations of the world and 
use them for reasoning

● Types of representations
● Families of algorithms and the work they do
● Representation supports reasoning: 

algorithms operate on representations



Big Idea #2: Representation & Reasoning - Concept List
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1-A: Representation
● 1-A-i: Abstraction
● 1-A-ii: Symbolic Representation
● 1-A-iii: Data Structures
● 1-A-iv: Feature Vectors

1-B: Search
● 1-B-i: State Spaces and Operators
● 1-B-ii: Combination Search

1-C: Reasoning
● 1-C-i: Types of Reasoning Problems
● 1-C-ii: Reasoning Algorithms



Big Idea #3: Learning
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Computers can learn from data

● Nature of learning
● Fundamentals of neural networks
● Datasets



Big Idea #3: Learning - Concept List
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1-A: Nature of Learning
● 1-A-i: Humans vs. Machines
● 1-A-ii: Finding Patterns in Data
● 1-A-iii: Training a Model
● 1-A-iv: Constructing a Reasoner
● 1-A-v: Adjusting Parameters
● 1-A-vi: Learning from Experience

1-B: Neural Networks
● 1-B-i: Structure of a Neural Network
● 1-B-ii: Weight Adjustments

1-C: Datasets
● 1-C-i: Feature Sets
● 1-C-ii: Large Datasets
● 1-C-iii: Bias



Big Idea #4: Natural Interaction
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Intelligent agents require many 
kinds of knowledge to interact 

naturally with humans

● Natural language 
understanding

● Common sense reasoning
● Affective computing & 

interaction (e.g. with robots or 
speech agents)

● Consciousness and philosophy 
of mind



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
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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 



Big Idea #5: Societal Impact
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Artificial Intelligence can impact society in 
both positive and negative ways

● Ethics of AI making decisions about 
people

○ Fairness, bias, transparency, 
explainability, accountability

● Economic impacts of AI
● Cultural impacts of AI



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)
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11” x 14” poster 
available for free 

download at 
AI4K12.org 



Adoption of the Big Ideas
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Spanish Japanese

Turkish

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

● Translations available in Arabic, Chinese, French, German, 
Hebrew, Hindi, Italian, Japanese, Korean, Portuguese, Spanish, 
Slovenian, Tamil, Thai, and Turkish (text).



Resources



AI4K12 Resource Directory 

Includes:
● Books and Reports (Adults)
● Children’s Books
● Competitions
● Curriculum Materials
● Demos

● Online Professional Development Courses
● Online Courses for K-12 Students
● Reference Sources & Tutorials
● Resource Directories
● Software Tools & IDEs
● Videos

30

https://ai4k12.org/resources/list-of-resources/

https://github.com/touretzkyds/ai4k12/wiki/Resource-Directory
https://ai4k12.org/resources/list-of-resources/
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https://code.org/ai https://tinymlx.org/4K12

Additional Resource Lists

https://aiforteachers.org/ https://raise.mit.edu/resources.html

https://www.actua.ca/ai/

https://code.org/ai
https://tinymlx.org/4K12
https://aiforteachers.org/
https://raise.mit.edu/resources.html
https://www.actua.ca/ai/


tinyML K-12 Pipeline
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 Wio Terminal
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https://www.seeedstudio.com/wio-terminal-tinyml.html

Hardware Software Learning Resources

https://www.seeedstudio.com/wio-terminal-tinyml.html


Microsoft Farm Beats for Students

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.
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https://aka.ms/farmbeatsforstudents

https://aka.ms/farmbeatsforstudents


AutoAuto
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https://www.autoauto.ai/

https://www.autoauto.ai/


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.software36

Calypso

world mapperception

rules

speech
recognition

https://calypso.software
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Teachable Machine https://teachablemachine.withgoogle.com/

https://teachablemachine.withgoogle.com/
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https://www.lobe.ai/

https://www.lobe.ai/


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

https://machinelearningforkids.co.uk


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

http://cognimates.me


Face Sensing
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https://lab.scratch.mit.edu/face/

https://lab.scratch.mit.edu/face/


Other Scratch-based Editors w/ML 
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https://scratch.techpark.jp/ https://stretch3.github.io/

https://mblock.makeblock.com/

https://scratch.techpark.jp/
https://stretch3.github.io/
https://mblock.makeblock.com/


AI and Machine Learning Module

● ~ 5 week curriculum
● Standalone or optional unit in CS 

Discoveries
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Code.org Resources https://code.org/ai

AI for Oceans
Classifier

How AI Works
Videos

AI and Ethics

https://code.org/ai


High School Curriculum Unit
http://www.exploringcs.org/for-teachers-districts/artificial-intelligence
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Intended to be an alternative unit to either unit 5 or 6 of the ECS course

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


AI in Education
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https://iste.org/areas-of-focus/AI-in-education

Fall 2021 starts Oct 4
Spring 2022 starts Feb 7

Summer 2022 starts July 11
$224/299

15-hour, self-paced
High School Level

https://iste.org/areas-of-focus/AI-in-education


AI4All: Online Learning

46

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

AI4ALL Open Learning empowers high school teachers of all subjects 
to bring AI education to their classrooms through a free, adaptable AI 

curriculum and teacher resources.

Interdisciplinary, Approachable AI Curriculum

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


ReadyAI Resources
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https://www.readyai.org/

AI Picture Books AI Teaching & Learning Kits

Self-paced Courses Lesson Plans Unplugged Lessons Teacher Training

https://www.readyai.org/


Other Books for Young Students
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https://tinkertoddlers.com/

https://tinkertoddlers.com/


● Introduction to ML: Image Classification
● Personal Image Classifier: PICaboo
● Personal Audio Classifier
● Voice Calculator Tutorial
● Therapist Bot Tutorial
● Awesome Dancing with AI Tutorial
● Facemesh Filter Camera
● Rock Paper Scissors Tutorial

49

https://appinventor.mit.edu/explore/ai-with-mit-app-inventor

https://appinventor.mit.edu/explore/ai-with-mit-app-inventor


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


TensorFlow Playground
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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


Competition
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https://www.waicy.org/
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World AI Competition for Youth

● For students ages 6-18
● 2021 November 20
● Registration open now

https://www.waicy.org/

