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Artificial Intelligence is powering
our lives, economy, and workforce
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Al is a Part of Our Everyday Lives - Seen & Unseen

Today's Recommendatio@

Here's a daily sample of items recommended for you. Click here to see all recommendat
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Al in Manufacturing & Warehouses
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Al in Logistics & Shipping
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Al in |
Agriculture &t .5 . e

" GPS guided Automatically
Smart Machinery

GPS guided and controlled
Self-driving Systems

Smart Analysis

Control , Monitoring
Data processing, collection
from drones and satellites

Waypoints

Yater (ool
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Smart Farming 4.0
The future of agriculture




Al in Ocean & Coastal Sensing
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Al in Fashion & Shopping Style by Alexa
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What should | wear?

Get outfit suggestions based on your
location and weather
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How do | look?

Upload a photo to get instant style tips,
10 right on your phone
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Al in Investment & Stock prediction

00000 ATAT Wi-Fi ¥ 10:29 AM

<

Instavest

Donald Dion just invested
in FBK. He projects a 10%
return in 7 days. Click
here to read more and co-
invest
http://bit.ly/2cQA18w

What would you like to
do?

1. Research a Company
2. Start a Trade

3. See My Portfolio

4. Breakout Stocks

Donald Dion just exited
his position in FBK for a
11.2% gain. Click here to
do the same
http://bit.ly/2cQA18w
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The Al4K12 Initiative, a joint project of:

AAAI (Association for the Advancement CSTA (Computer Science
of Artificial Intelligence) Teachers Association)

Association for the ' -- A
Advancement of Artificial Intelligence ‘- . ‘

R TN ' With funding from National Science Carnegie MellonUniversity .
ﬂ@r Foundation ITEST Prograrm School of Computer Science
AW (DRL-1846073)
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Al4K12 steering Committee

Deborah Seehorn

Dave Touretzky Christina Gardner-McCune .
Carnegie Mellon University of Florida Co-Chair of CSTA
Al for K-12 Working Group Al For K-12 Working Standards Committes

Chair Group Co-Chair o
’ = AIKI2
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~—_Al4K12 Five Big Ideas in Al

.org

e Organizing framework for the K-12
guidelines

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

e Not necessarily the way Al
practitioners view their field, but
appropriate for the needs of the
K-12 audience

(o]
16 Uters can learn fro™®




Big Idea #1: Perception

Computers perceive the world using
sensors

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

e Human senses vs. computer sensors

e Types of perception: vision, speech,
recognition, etc.

e How perception works: algorithms

17

h Y 1

()()l()
1005100

o
10 l‘)()l()l
100010010

[
O 100100

ulll()l()l()()l()
0100100
‘:)1:11)11)111

oloo101

100y
1
“Walogyg
PP
‘ll‘(’llb()
Moy

=

Al4K12




Big Idea #1: Perception - Concept List

1-A: Sensing

e 1-A-i: Living Things

e 1-A-ii: Computer Sensors
e 1-A-iii: Digital Encoding

1-B: Processing

e 1-B-i: Sensing vs. Perception

e 1-B-ii: Feature Extraction

e 1-B-iii: Abstraction Pipeline: Language
e 1-B-iv: Abstraction Pipeline: Vision

1-C: Domain Knowledge
e 1-C-i: Types of Domain Knowledge

e 1-C-ii: Inclusivity %——}AMKQ




Big Idea #2: Representation and Reasoning

Agents maintain representations of the world and Sy 3 Google DeepMing

Challenge Match

use them for reasoning

e Types of representations

e Families of algorithms and the work they do

e Representation supports reasoning:
algorithms operate on representations ——

G category
L ) names=non-fiction
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Big Idea #2: Representation & Reasoning - Concept List

1-A: Representation

e 1-A-i: Abstraction

e 1-A-ii: Symbolic Representation
e 1-A-iii: Data Structures

e 1-A-iv: Feature Vectors

Y C
Y, tain reP*®

d yse the™

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

1-C: Reasoning
e 1-C-i: Types of Reasoning Problems

e 1-C-ii: Reasoning Algorithms Je—
SAIK12




Big Idea #3: Learning

Computers can learn from data

e Nature of learning
e Fundamentals of neural networks
e Datasets

HIDDEN

OUTPUT

SJAlKIR
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Big Idea #3: Learning - Concept List

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

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

O
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Big Idea #4: Natural Interaction

Intelligent agents require many
kinds of knowledge to interact
naturally with humans

e Natural language
understanding

e Common sense reasoning

e Affective computing &
interaction (e.g. with robots or
speech agents)

e Consciousness and philosophy
of mind




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

Grades 3-5:
Identify how humans combine multiple
inputs (tone, facial expressions, posture,

[ J
etc) in order to understand
communication.
Describe some tasks where Al outperforms

Grades K-2:
humans, and tasks where it does not

and negative connotations.
[

Identify words in stories that have positive
Recognize and label facial expressions into

appropriate emotions (happiness, sadness,

[ J
anger) and explain why they are labeled the way
Grades 9-12:
Demonstrate how sentence parsers

they are

emotions in facial expressions
[ ]
handle ambiguity
Explore the Google Knowledge Graph

Identify and debate the issues of Al and
consciousness
=~ Al4K12

Experiment with software that recognizes

Grades 6-8:
e Construct a simple chatbot
e 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.

24



Racial Bias: Sentencing Software

Big Idea #5: Societal Impact

P_arker

Artificial Intelligence can impact society in
both positive and negative ways

e Ethics of Al making decisions about
people

o Fairness, bias, transparency,

explainability, accountability

e Economic impacts of Al
e Cultural impacts of Al

25




w/ & \9%‘}\ i
S, ) | Big Idea #5 — What should students be able to do?
O{‘C";,,.ﬁhpact so;‘is: Z
Grades K-2: Grades 3-5:
e Identify common Al applications e Explore how behavior is influenced by
encountered in their daily lives bias and how it affects decision making
e Discuss whether common uses of Al e Describe ways that Al systems can be
technology are a good or bad thing designed for inclusivity
Grades 9-12:
Grades 6-8: e Critically explore the positive and
e Explain potential sources of bias in Al negative impacts of an Al system
decision making e Design an Al system to address social
e Understand tradeoffs in the design of issues (or explain how Al could be used
Al systems and how decisions can to address a social issue)

have unintended consequences in the

function of a system —
. =~ AlAK12



FIVG Blg ldGaS 'ﬂ 1. Perception
. . Computers perceive the world using sensors. Perception is the
Artificial Intelligence o o « g :

process of extracting meaning from sensory signals. Making

computers “see” and “hear” well enough for practical use is

5. Societal |mpact one of the most significant achievements of Al to

Al can impact society in both positive and date.

negative ways. Al technologies are

changing the ways we work, travel,

communicate, and care for each

other. But we must be mindful of the

harms that can potentially occur.

For example, biases in the data

used to train an Al system could

lead to some people being less well
served than others. Thus, it is

important to discuss the impacts

that Al is having on our society and

develop criteria for the ethical design

and deployment of Al-based

systems.

4. Natural Interaction

Intelligent agents require many kinds of

knowlege to interact naturally with

humans. Agents must be able to converse

in  human languages, recognize facial
expressions and emotions, and draw upon
knowledge of culture and social conventions to

infer intentions from observed behavior. All of these

2. Representation & Reasoning
Agents maintain representations of the world
and use them for reasoning. Representation
is one of the fundamental problems of
intelligence, both natural and artificial.
Computers construct
using data structures, and these
representations  support reasoning
algorithms that derive new information
from what is already known. While Al
agents can reason about very complex

problems, they do not think the way a
human does.

representations

3. Learning

Computers can learn from data. Machine
learning is a kind of statistical inference that
finds patterns in data. Many areas of Al
have progressed significantly in recent years
thanks to learning algorithms that create new

representations. For the approach to succeed,
tremendous amounts of data are required. This “training
are difficult problems. Today’s Al systems can use

data”must usually be supplied by people, but is sometimes
language to a limited extent, but lack the general reasoning and acquired by the machine itself.
conversational capabilities of even a child.

Plters can learn fro™

The Al for K-12 Initiative is a joint project of the Association for the Advancement of Artificial Intelligence (AAAI)
and the Computer Science Teachers Association (CSTA), funded by National Science Foundation award DRL-1846073

——

[ — This work is licensed under the Creative Commons

S JAIAK12 R
.org

Attribution-N Y License.
To view a copy of this license, visit http:/creativecommons.org/licenses/by-nc-sa/4.0/.
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11” x 14” poster
available for free
download at
Al4K12.0rg
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Adoption of the Big Ideas

Now being adopted by curriculum developers in the US and

28

elsewhere.

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

Spanish

14
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Turkish

Japanese

CIHCO ldeaS PrlﬂClpaIE‘S en 1. Percepciéon

5 . Loscomputadores perciben el mundoa través de sensores. La percepcion es el proceso en
I n te’ | g ©NC]Q  eaue seextrac contextode lasservles provenientes delos sensores. Uno delos mayores
logros de lanteligencia artificiala la fecha, es el permitirie al computador “ver"y

5. Impacto Social “escuchar” exitosamente en contextos practicos.

La inteligencia artificial puede tener un impacto tanto
positivo como negativo para la sociedad. Aunque las
tecnologias que utilizan inteligencia artificial estan
transformando la manera en que trabajamos,
viajamos, nos comunicamos, y cmo nos
cuidamos unos a otros; no podemos omitir que
estas poseen riesgos que se deben considerar.
Por ejemplo, sesgos en los datos utilizados para
entrenar a los agentes, pueden conllevar a que
algunos grupos de personas reciban un trato
inferior al esperado. Por esto mismo es que es
importante discutir el impacto social que trae
consigo la inteligencia artificial,y elaborar
criterios que acobijen el disefio y desarrolio
ético de sistemas inteligentes.

2. Representacién y Razonamiento

Los agentes crean representaciones del mundo y las utilizan
para razonar. La capacidad de representar contextos es
uno de los problemas fundamentales que encuentra la
inteligencia tanto natural como artificial. Los

construyen

utilizando estructuras de datos, y son estas
aquellos artefactos  utilizados para el
razonamiento algoritmico que conlleva a la

generacion de nueva informacion, a partir del
i te. No obs

dores perciben o,
avés de sens,, 'y,
o5, ng,

)

. et
;e\\’ae

aunque los agentes inteligentes pueden
razonar ante problemas complejos, estos no
Io hacen como lo haria un ser humano.

Jed uezypn 58\
9sa1das uear?

3. Aprendizaje

Los computadores pueden aprender de los
datos. £l aprendizaje de maquina es un tipo de
estadistica inferencial que busca patrones
existentes entre volumenes de datos.
Recientemente, son varias las areas de la inteligencia
artificial que han  progresado  significativamente
gracias a algoritmos de aprendizaje que permiten la

4. Interaccién Natural
Son muchos los tipos de conocimiento
requeridos por los agentes inteligentes para
interactuar naturalmente con humanos. Tener
dialogos con lenguaje natural, reconocer gestos
faciales y emociones, o inferir intenciones a partir
de comportamientos observados en contextos

28, ¢,
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Yoy,

lturales varios; son algunas de las tareas que 4o, A
s e ‘f;ev jr: o o, 3- Aprendizal® generacion de nuevas representaciones. Para ser exitosa,
bl ::m "’m s fwlﬁ“ ane i :un' el Pt o8 esta estrategia requiere de grandes volimenes de datos.

pa Hempio, aunque hoy: res pueden apre™’ Aunque los "datos de entrenamiento” generalmente provienen

en dia los sistemas inteligentes pueden utilizar el lenguaje 4
de personas, estos también pueden ser generados
natural para interactuar con humanos, este es todavia limitado, y & P
5 - automaticamente por la misma maquina.
el razonamiento en cuanto a este es atin inferior al de un infante.
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Al4K12 Resource Directory

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

Includes:
e Online Professional Development Courses
e Books and Reports (Adults) e Online Courses for K-12 Students
¢ Chlldreq s Books e Reference Sources & Tutorials
¢ Com_petltlons _ e Resource Directories
e Curriculum Materials e Software Tools & IDEs
e Demos e Videos

SAKKR



https://github.com/touretzkyds/ai4k12/wiki/Resource-Directory
https://ai4k12.org/resources/list-of-resources/

Additional Resource Lists

Y : ; AI for
¢ - Teachers

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

E e

https://code.org/ai https://www.actua.ca/ai/ https://tinymix.org/4K12

act a

Al project

\
¢ctya.cal®

O

. = AIAKI2



https://code.org/ai
https://tinymlx.org/4K12
https://aiforteachers.org/
https://raise.mit.edu/resources.html
https://www.actua.ca/ai/
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tinyML K-12 Pipeline

Collect Preprocess Evaluate Deploy

Data Data Optimize Model

jupyter notebook/Colab Arduino IDE
Edge Impulse
Seeed Studio Codecraft
Google Teachable Machine
Microsoft Lobe Microsoft
MakeCode
ML for Kids

MicroPython/
CircuitPython

Scratch + Teachable Machine
mBlock + Teachable Machine +
Microsoft Cognitive Services

Make
Inferences

Nano 33

Wio Terminal

Pico4ML

micro:bit

others



\()) seeed  wio Terminal

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

Hardware

Wio Terminal

Wio Terminal is your complete Al

platform to get started with TinyML and

10T - Built around the ATSAMDS51P19 and

ARM Cortex-M4F at 120MHz for high

compatibility with various ML frameworks
33 for microcontrollers.

Software

"8’ Codecraft

Codecraft is a graphical programming
environment based on Scratch 3.0 that
supports a great variety of hardware
devices and programming languages
such as Arduino, Python, C or
JavaScript etc.

Now it supports TinyML in
collaboration with Edge Impulse!

Learning Resources

TinyML with Wio
Terminal Free Course for
Beginners

Begin your first step into the world of
TinyML and Wio Terminal with detailed
lessons and step-by-step projects to
guide you! Now, simple hardware can
also solve complex problems.


https://www.seeedstudio.com/wio-terminal-tinyml.html
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Microsoft Farm Beats for Students

https://aka.ms/farmbeatsforstudents

o 52 FarmBeats - IndoorM1 - b827eb609208

The easy-to-use FarmBeats kit includes
e preconfigured Microsoft Azure cloud services
e A Raspberry Pi with soil moisture, light, ambient
temperature, and humidity sensors to collect
data.
e 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.

SAKKR



https://aka.ms/farmbeatsforstudents
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i

AutoAuto

https://www.autoauto.ai/



https://www.autoauto.ai/

|
= CC
=

—~= speech
recognition

e Arobot intelligence framework that - “
: : loei il m.7| o ~
Incorporates multiple Al technologies: = B 5@@
o Computer vision; face recognition [ LL L@

- 5

o Speech recognition and generation rules | i
o Landmark-based navigation
o Path planning
o  Object manipulation perception world map
o

e Rule-based pattern matching language
inspired by Microsoft's Kodu Game Lab
e Teaches computational thinking: “Laws of Calypso”, idioms, etc. ——

Web site: https://Calypso.software %AI4K12

[
36



https://calypso.software
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Teachable Machine

Class 1 l & ‘
Class 2 (.-) Lﬂ ‘ﬁ)

1 Gather

Gather and group your
examples into classes, or
categories, that you want the
computer to learn.

Images

Teach a model to classify
images using files or your
webcam.

https://teachablemachine.withgoogle.com/

MY PROJECT
MY
PROJECT
TRA"%ODEL l
X

C—
2 Train 3 Export
Train your model, then instantly Export your model for your
test it out to see whether it can projects: sites, apps, and more.
correctly classify new examples. You can download your model

or host it online for free.

st @

Sounds Poses T

[ S —

Teach a model to classify audio Teach a model to classify body Co—
by recording short sound positions using files or striking A I4 K1 2
samples. poses in your webcam.

5 .org



https://teachablemachine.withgoogle.com/

lobe &

https://www.lobe.ai/

Label, Train, Use

Lobe simplifies the process of machine learning into three
easy steps. Collect and label your images. Train your model
and understand your results. Then play, improve, and export

your model.

38

California Plants

80% of your images are
predicted correctly,
20% incorrectly.

All Images View

Correct 80%

Manzanita v Toyon v/

Incorrect 20%

Manzanita @



https://www.lobe.ai/

D Machine Learning for Kids schooi Library

https://machinelearningforkids.co.uk

39

Collect examples of things you
want to be able to recognise

Use the examples to train a
computer to be able to recognise
them

Make a game in Scratch that uses
the computer's ability to recognise

them

Create a school librarian in =~ [
Scratch that suggests who a
reading book might be suitable
for.

Teach a computer to make
recommendations

Difficulty: Intermediate Recognising: numbers

S| Tags: predictive model, recommendations,
}; supervised learning 3. Download
[

MACHINE
LEARNING

SAKKR



https://machinelearningforkids.co.uk

&

@?)GNIMATE&}

http://cognimates.me

Cognimates offers Al extensions
for Scratch, such as:

e speech recognition

e sentiment analysis

e visual pattern detection
e robot control

40

SAlKIR



http://cognimates.me

RATCE Face Sensi ng https://lab.scratch.mit.edu/face/

Face Sensing
&1 ok (mode v Make a sprite follow your nose Does it see you?

'@7 point in direction of face filf

@Q set size to face size

@, whenfacetits lefl v (@,  when aface is detected

@,. goto nose ¥
play sound Tada + until done

@, when this sprile fouchesa nose «

@, whenaface is defected

&), aface is defected?

O

— == AISKI2



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

Other Scratch-based Editors w/ML

A ® @

O
o o & ®
v 3 ¢ o
X —\"\ o P ®
O WA
qML)2! :

4 £ —
4 @

& 4 e = P ®

O

https://mblock.makeblock.com/ T >A|4K1cgg



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

<o

a Code_org Resources https://code.org/ai

Al and Machine Learning Module

e ~ 5 week curriculum @ """" @ """" """"

. Standalone Or Optional unit in CS Choose a Dataset = Prepare Data Train Al Model Assess Resu Its
Discoveries

Al for Oceans How Al Works Al and Ethics
Classifier Videos

; = AIAKI2



https://code.org/ai
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- Exploring

w.) CSmeer High School Curriculum Unit

Science

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



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

I; I ' AI in Education https://iste.org/areas-of-focus/Al-in-education
[ T - _

|

Al Course on ISTE U Teaching Al Free Al Course

Fall 2021 starts Oct 4 15_-hour, self-paced
Spring 2022 starts Feb 7 High School Level

Summer 2022 starts July 11

. $224/299 % AlAK1 %



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

él. AIl4All: Online Learning http://ai-4-all.org/open-learning

Interdisciplinary, Approachable Al Curriculum

Al & Drawing Al & The Environment Al & COVID-19

AI4ALL Open Learning empowers high school teachers of all subjects
to bring Al education to their classrooms through a free, adaptable Al
curriculum and teacher resources.

O

. = AIKI2



http://ai-4-all.org/open-learning
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ReadyAl Resources https://www.readyai.org/

Lesson Plans Unplugged Lessons Teacher Training

Al Teaching & Learning Kits T }AI4K1;9



https://www.readyai.org/

Other Books for Young Students

https://tinkertoddlers.com/

N 25 swpervised
~ MaChine
Learning!

Kibs

EIArtificial
Intelligence!

48

MacChine

Learning!

for KiPS

(é:c'

Dr. Dhoot
- |

Neural
Networks!

'NEURAL
NETWORKS

':—.\/

; Chris Ferrie and Dr. Sarah Kaiser

SAKKR



https://tinkertoddlers.com/

APP INVENTOR

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

P

Introduction to ML: Image Classification
Personal Image Classifier: PICaboo
Personal Audio Classifier

Voice Calculator Tutorial

Therapist Bot Tutorial

Awesome Dancing with Al Tutorial
Facemesh Filter Camera

Rock Paper Scissors Tutorial

iF
3

=-JAI4K12



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

| iy Google Quick, Draw!

https://quickdraw.withgooagle.com/

Q\)\CK’ DRr4 Wi
< AT L
oigéb 67\6 D xR

-
By o

Con o neuro] network Jearn to recognize dood(ing?

Help teach it by adding your drawings to the

, shared publicly to help with machine learning research.

50

You were asked to draw snoKe
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https://quickdraw.withgoogle.com/

TensorFlow Playground

https://playground.tensorflow.org

Y

DATA

Which dataset do
you want to use?

Ratio of training to
test data: 50%
—e

Noise: 0

Batch size: 10
— e

REGENERATE

Tinker With a Neural Network Right Here in Your Browser.

Don't Worry, You Can't Break It. We Promise.

Epoch

000,000

FEATURES

Which properties do
you want to feed in?

-
o

XQ

Learning rate Activation Regularization
0.03 - Tanh - None
+ — 2 HIDDEN LAYERS
B & 3 G
4 neurons 2 neurons

aryi
weights, shown
by the thickness of
the lines.

Regularization rate Problem type

0 - Classification

OUTPUT

Test loss 0.508
Training loss 0.504

Colors shows

data, neuronand L
: 0

weight values.

[ showtestdata [] Discretize output

AI4K12

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



https://cloud.google.com/blog/products/gcp/understanding-neural-networks-with-tensorflow-playground
https://playground.tensorflow.org
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Competition
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WAICY  world Al Competition for Youth

World Artificial Intelligence
Competition for Yout h

https://www.waicy.org/

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

=

Al4K12



https://www.waicy.org/

