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READYAI

INTRODUCTION

ReadyAl and Neom Community School’'s renewed partnership for the Academic
Year of 2022-2023 produced a bespoke, standalone CS curriculum infused with
first-of-its-kind learnings in artificial intelligence. This work was aligned to the
provided units of inquiry and fully integrated interdisciplinary assessment
strategies to reinforce IB practices and dispositions. The curriculum aimed to
expand the hours of direct instruction while deepening engagement with
artificial intelligence and computer science concepts. Though we have arrived
in a place of pivoting to integrate CS and Al into core curricular strategies at
NCS, ReadyAl stands firmly committed to the promises of co-design in order to
create future ready learners in our ongoing collaborations. As suggested by the
Crown Prince, Mohammed bin Salman, we exist in a world that has provided
ample reason to .."think and work hard to take advantage of artificial
intelligence and unleash its full potential to advance our societies and
economies.” Our work over the past year aimed to solidify this promise of Al in
society as embodied in the teachers and students of NCS.

The report that follows offers insight into the documentation produced by
ReadyAl as well as the ways in which our efforts dovetail with the goals and
dreams of the Neom Project.
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IMPLEMENTATION AND
MOVING FORWARD
TOGETHER

In today's rapidly evolving technological
landscape, artificial intelligence (Al) has
emerged as a significant force shaping
various aspects of our lives. As Al
becomes increasingly prevalent, it is
crucial to equip the younger generation
with a foundational understanding of this
transformative technology. Integrating Al
education into K-12 curriculum through
inquiry and project-based learning (PBL)
approaches, as aligned with International
Baccalaureate standards, offers
incredible value by fostering critical
thinking, problem-solving skills, and
ethical awareness. The importance of
developing an Al curriculum spanning

across grade levels that utilizes inquiry Our Al curriculum prepares NCS
and PBL has demonstrable benefits for students for the future by equipping
their intellectual growth, career them with in-demand skills alongside
readiness, and responsible participation the cognitive flexibility to adapt to the
in future-facing society. needs of the future. As Al becomes
increasingly prevalent in society, the
Implementing this comprehensive demand for individuals with expertise
curriculum in artificial intelligence (Al) in Al-related fields continues to rise. By
holds significant value for K-12 learners, introducing Al concepts, programming
as it provides structured and systematic languages, and problem-solving
learning opportunities in this rapidly techniques, a curriculum in Al enables
advancing field. Our Al curriculum offers students to develop valuable skills that
a range of benefits that go beyond are highly sought after in the job
isolated lessons, integrating Al education market. These skills include critical
across subjects and grade levels. By thinking, data analysis, algorithmic
introducing Al concepts, theories, and reasoning, and computational thinking,
practical applications, a curriculum in Al which are essential for success in an Al-
ensures that students develop a deep driven world.

and nuanced understanding of this
transformative technology.
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Similarly, ReadyAl's curriculum promotes explorations beyond computer science (CS)
learning by fostering connections between various subjects. Al draws from diverse
fields such as mathematics, computer science, statistics, and psychology, making it an
ideal platform for this exploration. By incorporating Al into the curriculum, NCS can
create cross-curricular projects and activities that encourage students to apply Al
principles in different contexts. This approach not only enhances students' knowledge
and skills in Al but also strengthens their understanding of other subjects, promoting
a holistic and interconnected understanding of the world. As mentioned previously,
ReadyAl and NCS have decided to rededicate our ongoing partnership to the
thoughtful construction of both existing and to-be-developed content into a truly
interdisciplinary approach to Al and CS learning. This integrated approach will
thoughtfully and critically enmesh Al dispositions and skills into core curricular
explorations, further setting NCS apart as a truly unique and innovative school both in
Saudi Arabia and across the world.

Integrating Al education through inquiry and PBL engages students in active learning
experiences that promote critical thinking and problem-solving skills. Inquiry-based
learning encourages learners to ask questions, investigate, and seek answers
independently. By exploring Al concepts and applications, students develop an
inquisitive mindset, honing their ability to analyze information and think critically
with cutting edge technology as a means of engaging the world around them. They
learn to evaluate the strengths, limitations, and ethical implications of Al
technologies, enabling them to make informed decisions in the future.
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Project-based learning complements
inquiry-based learning by providing
students with real-world problems to solve
collaboratively. By engaging in Al-related
projects, such as designing chatbots or
developing machine learning models,
students learn to apply theoretical
knowledge in practical contexts for the
good of their communities. This hands-on
approach enhances their problem-solving
skills, as they identify challenges, generate
solutions, and iterate on their designs.
Moreover, PBL cultivates creativity and
innovation, allowing students to think
outside the box and develop novel Al
applications that address societal needs.
This approach to teaching Al through
inquiry and PBL equips K-12 learners with
essential technological literacy and
prepares them for the careers of the
future. As Al technologies continue to
shape industries, professions, and daily
life, possessing an evolving understanding
of Al becomes crucial for navigating the
modern workforce. By engaging with Al
concepts and tools, students develop
digital literacy skills, allowing them to
become discerning consumers and
responsible creators of Al-driven solutions.

Inquiry-based learning exposes students
to a wide range of Al applications,
fostering awareness of how Al permeates
various sectors, such as healthcare,
finance, transportation, and
entertainment. This exposure enables
students to envision potential career paths
in Al-related fields, encouraging them to
explore STEM subjects and pursue
advanced studies in computer science,
data science, or Al research. By fostering
interest and enthusiasm early on,
educators can help bridge the existing
skills gap and ensure a pipeline of
qualified Al professionals in the future.

Teaching K-12 learners about artificial
intelligence through inquiry and
project-based learning has immense
value in their intellectual growth, career
readiness, and responsible participation
in the digital era. By fostering critical
thinking, problem-solving skills, and
ethical awareness, Al education equips
students with the tools they need to
navigate an increasingly Al-driven world.
Through inquiry-based learning, they
develop curiosity and the ability to think
critically, while project-based learning
allows them to apply their knowledge in
practical contexts. Moreover, Al
education enhances technological
literacy, preparing students for future
careers, and fosters ethical awareness,
empowering them to participate
responsibly in shaping the future of Al.
By embracing inquiry and PBL
approaches, educators can inspire and
empower the next generation to
become informed and engaged citizens
in an Al-driven society.
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While the co-design and collaboration work of
creating a thoroughly integrated Al curriculum
will continue, the products created over the
past year demonstrate cutting edge learning
design in concepts such as facial recognition,
neural nets, speech recognition, and computer
vision.

In conclusion, implementing a comprehensive
curriculum in artificial intelligence offers
numerous advantages for K-12 learners. By
promoting interdisciplinary learning,
preparing students for the future, fostering
innovation and creativity, and nurturing
ethical awareness, our developing Al
curriculum equips students with the
knowledge, skills, and mindset necessary to
thrive in an Al-driven world. As Al continues to
reshape various aspects of society, a well-
structured curriculum in Al ensures that
students are not merely passive consumers of
technology but active participants and
contributors in shaping its future.

all

Carglex
Communication

Critical Thinking Global & Culeal Habits of Mind

%

Human-Al

Quantitative
Literacy

FAulapability,
Indtintive:

Representation &
soning

l_:_l
L
Object Recognition Facial Recognition Spaech Recognitio
sl KR K€
Project Design Story Telling Time: Management

Figure 1 - 7 Skills, 5 Big Ideas, 6 Al Applications, and PBL (Project Based Learning)

r—1

)

L

L=

Landmark-basoed
Mavigation

I

Collabaration &
Toam Work

&

Civic & Citizenship

Prablem Solving

Handcraft Skills Presentaticn Skil

05



READYAI CK (_ - _

CREATING THE é@@%

CURRICULUM

CO-DESIGN PROCESS

As we utilize research-based processes to create and sustain effective shifts in
pedagogy and instructional delivery, our work leverages co-design methodologies to
support targeted teams. In this process, design is understood to be an iterative
process with opportunities to (re)evaluate, make improvements, and step into
previous stages to re-examine and critique. Similarly, we understand that design for
learning in classroom spaces demands a flexibility to processes given the various,
idiosyncratic ways in which learners grow and develop over time. To that end, we
leverage an ADDIE model as informed by Kemp'’s Instructional Design model,
transforming instructional/curriculum planning into an explorative process that is
interactive and inclusive. This approach allows learners, educators, and other
collaborators opportunities to share planning, teaching, and assessment ideas. We
embrace this design process as it allows for innovation, experimentation, and critical
reflection. Our work this year was limited in partnership, primarily relying on
connection to Abbas Hawsawi as a means of collaboration and co-design. We
understand that, moving forward, we will have the benefit and opportunity of
partnering with the larger Instructional Technology team at NCS which will allow for
deeper collaboration and active implementation.

06



READYAI

KEMP’'S MODEL
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UNIT OF INQUIRY SELECTION

As provided by our collaborator, Abbas, our anchor lessons rotate through the
designated Units of Inquiry indicated in the scope and sequence provided. This
aimed to ensure that integral elements of the International Baccalaureate
curriculum were foundational to the emerging artificial intelligence curriculum
across all grade levels. The follow list provides the anchor lessons in parentheses

with corresponding Unit of Inquiry:

Who We Are (Facial Recognition)

e An inquiry into the nature of the
self; beliefs and values; personal,
physical, mental, social and
spiritual health; human
relationships including families,

friends, communities, and cultures;

rights and responsibilities; what it
means to be human.

How We Organize Ourselves
(Decision Trees and Machine
Learning)

e An inquiry into the
interconnectedness of human-
Mmade systems and communities;
the structure and function of
organizations; societal decision-
making; economic activities and
their impact on humankind and
the environment.

Where We Are In Place And Time
(Computer Vision & Its Possibilities)

e An inquiry into orientation in place
and time; personal histories; homes

and journeys; the discoveries,
explorations and migrations of
humankind; the relationships
between and the
interconnectedness of individuals
and civilizations, from local and
global perspectives

How The World Works (Speech
Recognition)
e An inquiry into the natural world and

its laws; the interaction between the
natural world (physical and
biological) and human societies; how
humans use their understanding of
scientific principles; the impact of
scientific and technological
advances on society and the
environment.

How We Express Ourselves (Neural
Nets)
e An inquiry into the ways in which we

discover and express ideas, feelings,
nature, culture, beliefs and values;
the ways in which we reflect on,
extend and enjoy our creativity; our
appreciation for the aesthetic.

Sharing the Planet (Climate Change
and Al)
e An inquiry into the rights and

responsibilities in the struggle to
share finite resources with other
people and with other living things;
communities and the relationship
within and between them; access to
equal opportunities; peace and
conflict resolution.
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ASSESSMENT OF
EXISTING PLANS

Upon receiving documentation, we began categorization as to how the various
types of activities presented might best be reformulated into a more traditional
curricular document. While the existing documents place activities/ideas into
what might best be described as a scope and sequence, the difficulty remains of
how to differentiate learning into specific grade level bands to create a cohesive
learning experience from KG3 through Secondary. Specifically, there is not an Al
activity outlined so the assessment of specific learning design and outcomes here
is not possible. We proceeded to build a comprehensive lesson plan and activity
set from scratch to accommodate this need. The excerpt below reflects a piece of
the existing documentation. Though links exist to external resources, Code.org
most notably, we have worked extensively to supplement these learnings with
lesson plans on computer science in addition to translating the document into a
more formalized curriculum map. It should also be noted that spaces/gaps in
programming here are locations where substantial lesson support have been
given and now no longer exist due to our processes.
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The image below is an example of the newly developed curriculum map with a scope

and sequence for Grade 7 to demonstrate the evolution of content from what

ReadyAl started with to where we have arrived.

Curriculum Map - G7

Subpeet: GOmpuLer Science Time Frame: 2022-2023 Scnool Year
| Grade: Seventh Grade:

| Essential Question:
*  How can | use Python programming o create art?
Can a robotic anm be created with robotics?
What ethical considerations do pregrammiers need 1o consider when Brogramming autenomous cars?
Can | simulate the heart using a rabotics kit and what benefits might this lead toin biomedical engincering? |

will design & vinyl eutout for their laptop computéns and program the design using Pythen
and Turtie Art
pate s mini drum kit using Makey Makey and experiment with musical sounds
simutate a beating neart
e used in society both for manufacturing purposes and

Standards:
ISTE 1.2 Digital Citizen: Students recognize the rights, responsailities, and opportunitss of lving,
learning, and warking in-an interconnected digital workd, and they act in ways that are safe, legal, and
wathical
ISTE 1.6 Creativa G i Sludents unicate clearly and express themsetves craatively for a
wariety of purposes using the platiorms, tools, styles, format, and digital media appropriate to the goals
ISTE 1.4 Innovative Designer: Students use a variety of technologles within a design process to kentify
and solve problems by creating new, usefud or imaginative solutions.
Five BigIdeas of Al: Idea #5: Societal Impact - Al can impact socsety in both positive and negative ways

Skills: Coding Programs: Matorials: Activities:
Biomextical = Python with *  Chromebooks/ = Use Turtie Art to create
engneering with Autofuto iPads patterns on vinyl for
robotic ams *  LEGO Sprixe Coding | + Root Robot laptop
Maching leasming - iRobot Codng = Makey Makey + Use Autofuto cars to
in autonomous = Turtle Art +  AutoAute Cars avoid humans & pets
vehicles + Makecode = Hum rdKits |+ Greate a heart with a
Artand codingwith | - AutoAuto Python - Hydraulic Kits - Humnsmingbird Kit
vinyl designs. = LEGO SpikePrime | « LEGO Spike robatic
Connecting LEDs arm with coding
and mators ta * Makey Makey drum kit
robotic kits creation

Resources: Assessment:
Brainbird Technologies teaching unit = Aubeic for Turtie Art coding and design
LEGO Spike Primi App +  LEGO Spike robotic arm goals
iRobot education leaming guide + AUIALLO online Py1hon assessments
Monie mbot app and tutorials *  Hummingtird Kit project complation

+  Common Sense Media: Digital Skils

UNIT 2: Beating Heart Hummingbird Kit

WEEK 8: Title: Hummingbird Makecode
1. Use Makecode to add coding blocks that control the Hummingbind
2. Practice plugging in the white, red, and biack wires into the Seno port

WEEK 9: | Title: Hummingbird LEDs & Sensors
1. Program the light Sensor to contral & single LED when it is dark or ight
2. Write a program that makes an LED turn on and off th another sensor

WEEK 10: | Title: Hummingbird Heart
1. Using cardboard, create a heart attached to a b Iu'nn"iﬂgD rd kit
2, Have the heart light up like a heart beat and try out different rhythms

WEEK 11: | Title: Common Sense Media Ad Detective
1. Discuss how companies target their ads towards ain indviduals
2. Discuss privacy settings and complete the meda ad detective activity

WEEK 12: | Title: Create an Online Appropriate and Inappropriate Post

1. Practice writing posts with photos that are appropriate to post onling

2. Discuss information that is important to keep private and not share on
50cial media for security Or privacy reasons

UNIT 3: Robotic Arms
WEEK 13: | Title: LEGO Spike Robotic Arm

1. Use the LEGO Spike app to complete the robotic arm design
2. Discuss how the motors and servos work to make the arm move

WEEK 14: | Title: LEGO Spike Code
1. Program the robotic arm to pick up LEGO pieces
2. Add functionality 5o that the arm coud be used in more situations

WEEK 15: | Title: Talk to a Biomedical Engineer
1. Write questions to ask medical enginger who utlizes Al
2. Interview the engineer 1o learm about the eng 0 design process

WEEK 16: | Title: Root Robot & Fireplace
1. Discuss how a fireplace robot might change colors to imitate fire
2. Use the root robat 10 ficker different colods in a mini fireplace:

WEEK 17: | Title: Root Robot
1. Discuss how iRobot makes Root Robot and Roomba
2, Discuss how Root Robot could be used for cutting the grass, etc.

SCOPE & SEQUENCE

UNIT 1 | UNIT 2| UNIT 3| UNIT 4

INTRO TO CLASS

and Tools

2. Have students practice using the machines and equipment in ¢l

Title: Create a Story on Scratch to Represent Your Break
. Using Scratch, create a sprite and background to tell about break
2. Ak mavement and sound effects 1o your Scrateh story and share

UNIT 1: Autonomous Vehicles

Title: AutoAuto Car Maze
1. Program the cars to complete a maze in the virtual world
2. Create a maze using the mats and race the cars in the maze

Title: AutoAuto Python

1. Create a course with two obstacles, a cat and a tree

2. Discuss the decision making that programmers make for seif
cars, as well as the impact on socety

Title: Code Monkey Chatbot
1. Complete the Code Monkey Actnity to code a chatbot
2. Discuss multiple ways that chatbats are used in today's society

Title: Hydraulic Crane
1. Learn about how hydraulics are used by machines and robots
2. Creale a crang using hydraulics, specifically syringes and tubes

Title: Hydraulic Press
1. Examine how a hydraukic press works and the strength of the press
2, Create a miniature hydraulic press in class

UNIT 4: Turtle Art & Vinyl Cutouts

WEEK 18:

Title: Turtle Art & Python Coding
1. Lise the turtle art tutorial to learn about drawing shapes with Python
2. Write a program to draw different sized spirals.

WEEK 19:

Title: Turtle Art & Vinyl Cutting

1. Greate an new, onginal design to display on a laptop

2. Using Pythan, program the Turtle Art design and use the vimd cutter to
attach to the students' laptop

WEEK 20:

Title: Explore Chrome Music Lab & Blob Opera
1. Experiment with Blob Opera and explore how the app uses Al
2. Compose a simple melody using Chrome Music Lab

WEEK 21:

Title: Makey Makey Controller
1. Connect Makey Makey to the Finball game on the app
2. Control the garme using tinfoll cutouts attached to pool noodies

WEEK 22:

Title: Makey Makey Drum Kit
1. Students create thewr own drum kits with partners.
2. Connect a Makey Makey and play the drums to create a new beat

WEEK 23:

Title: ToxiCode
1. Gompilete the ToxiCode Compute it Hour of Code
2. Discuss strategies for following the code and completing the activity

END OF CLASS

Title: Create a slideshow for a student in the future
1. Each student creates one skide to prepare a future student for C5
2, Use Generative Al to add an image to the sideshow

Title: Robot Playground
. Using pool noodies for barriers, contral Dash Robot and Root Robot
2. See who can most successiully dash to the other side of the room
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COLLABORATIVE
CREATION

As we approach this project through a lens of sustainability, ideally transferring
ownership of the design and development over time to internal members of the
CS/Al faculty and staff at NCS, we understand that singular external content
development is not enough. Our objective is to increase internal capacity and
expertise while supporting technology integration so as to assure a consistent
pedagogical model. Working in this way, increased levels of integration can deepen
cohesion, collaboration, and creation, leveraging all members of the team’s skills.
The trade off in this approach is that it requires a deeper initial investment of time
and effort for internal team members to adjust to new methods, navigate
differences in style, and forge joint pathways when they already have very full
workloads. The model below, adapted from Bamber & Stefani’s research, is useful for
understanding the process we have leveraged in collaborative creation.

Integrated )
(consistent, Co-Creation

cohesive, clear) Collaboration

Completely integrated collaboration
infuses and integrates vision, ideas,
perspectives, approaches, and ways
of practice of both collaborators

Easily Point Person and Helper
mixed up One person has primary responsibility for
a project, and others help on the project
(general support or a specific part). It can
be mentorship or an equally experienced
colleague, where one person’s vision
N leads the integrated project.

Connected Parallel

Work on similar projects occurs in
in parallel but with effort
communicate and integrate through
following consistent principles, core
values, shared resources,
observations or project description.
MNaming values and principles may
be a first step.

f Separate
Independent practice;
May discuss as
colleagues; and may

Less upfront borrow/adapt but no

time & effort required consistency

Investment
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We also approach the design or processes, projects, and goals through this lens
of co-design and collaboration. This best ensures that the content developed is
integrated with robust fidelity so as to hit targeted learning outcomes and
alignment to IB-established curricular goals. We recognize that this was a deep
difficulty this past year and aim to achieve a greater level of collaboration and
co-design with the newly introduced Technology Integration team. This will
allow learners to develop the core IB learner profile characteristics. The
collaboration model below highlights the progression of how co-designing
each element facilitates scaffolding of development into more complex tasks.

COLLABORATION - MODEL
The 5 Models for Collaboration

Team-based participation within a
defined strategy and defined endpoints.

Team-based participation within
a defined framework.

Co-participation is an orchestrated
series of tasks to produce a prescribed
outcome.

Joint development of content

Knowledge Exchange

12
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FORMATIVE/SUMMATIVE
ASSESSMENT CRITERIA

As we continue to move forward in the
dissemination and testing of anchor
lessons, we have intentionally built in
mechanisms and instruments to make
use of IB-aligned practices. In formative
assessment, we have been diligent in
suggesting in-class prompts and
dialogue to support qualitative and
guantitative data gathering to ensure
adaptive practices can be used by on-
site educators. Far too often, the rigidity
of lesson plans have been used to
adhere to pacing expectations in
moving the curriculum forward.

However, in our meetings, we have
encouraged consistent adaptation
while marking out project-based
learning approaches that demonstrate
successive mastery of key learning
objectives. The daily observations of
students as well as the completion of
projects act as key evidence for on-site
teachers to make critically informed
decisions about how best to serve their
students. The model below indicates
IB-suggested practices that we have
attempted to develop throughout our
learning materials and curriculum.

FORMATIVE ASSESSMENT AS A
DIALOGUE AND PROCESS

Adapting
Learning and
Teaching

Qualitative and
Quantitative
Feedback

Analysis Data &
Making
Inference

Sharing Learning
Objectives & Success
Criteria

Collecting
Evidence of

Learning
13
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As we consider summative assessment in these efforts, we are mindful that the core
of IB’s mission is to support learners who contribute to the development of “a better
world”. As such, the projects that have been developed in the curriculum replicate
situations, contexts, and problems that emerge as part of the real-world complexities
of Al and CS. Projects enable students to demonstrate knowledge, growth, skills, and
dispositions in idiosyncratic ways while also generating objective evidence that
supports the educator in determining ‘grades’ and achievement.

ANCHOR LESSON EXAMPLES

The following are two examples of the designed anchor lessons. The two
presented, Neural Nets and Speech Recognition, demonstrate the depth of
learning created by our team at ReadyAl while scaffolding the experience across
grade levels.

TEACHING GUIDE

Lasson Overiaw:

In this lesson, students in Grades T-3 will sxplore the nature of how 1eXT 1D IMA0s GINGIANON Work
All the reécent rage, including in winning various awards, these systems use complicated neural
AEIWOMKS 10 Credle iMmages Iom teal. SIUGents in IS BSson will SXDenment with them, kanm how
thay work, and identify the defcencies ¢van the Most advanced IMaQe Jenera1ons STl demonstrang.

Lesaon Objectiven:
By the end of this lesson, studants will be abls 10

Undarstand that Al ¢an demonsirale some understanding of human language, intiuding texmual
descriptions of scenes

= Usa Al to Creats unsjue imagss Oy mappang 3esoriptions to what constitutes an image based on
the descrption

= Explan the limeatons of Al in understanding Spatal reatonships, Shapes, intent of 1eut / user, oF
SOMENiNg alsa

Encoder Networks, Transformer e
Networks, and DALL-E 2 (7-9) By Miom & Mkl et

ISTE Standards for Students:

1.1 Empowsred Learmer

= 1.1d - Stwedenis undersiand the fundamental concepts of technology operatons, demonsirate
tha ability 1o choose, Use and troubieshoot curment technolcgies and ane abis 1o transfer thair
Knowlesdgs 10 sxplons emerging technologies.

1.6 Companational Thinker

* 16D - Studenis create ongnal works of responsibly FepUrposs O Femix diital fresources into new
CrRatons.

Equipment

Charged student devices.

Preperation

Ensura the following wabsites are functional and work with the students’ devices:
+  hitps:/ihispersondoesnotexial. com
*  hitps.fwew Siarel com/projects/ vanat.onal-auteencoder

would ereate a generic 1D and PW for DALL-E 2. This can be done ot

Students may also make thair own 10 if instructors prafer

Open the following PowerPoint file. Use it during the presentaton;
Encodar Networks, Transformer Networks, and DALL-E2 - T-8




Lesson Orientation

Warm-Up Exercise
Review shdes 1-7 in the PowsrPoint. Highlight hew the open sofiware DALLE 2
iras revolutionized art by using Al to genarate high guality images.

Instructors may also share the following video that demonstrates how Al art has
WON COMPAItONS over real human arists:
Al generated art piece takes first at the state fair’ (skde 2)

PPr O ASTD & DONoISInG auto-encoders

Explain that the sarker siides help demonsirate what Transtormar Networks and
Image Genarators are capabla of. Explain to students that we will sxplors thess
and how they work in this lesson (slide B).

genGrating images, but this takes a lat of training.
PPeople begin with a real image, break it into code, and recreate the image from
e COde,

How doss tha computer learn to do thia? It vses a type of neural natwork called
an auto-encodar, s this:
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This aute-encoder is also doing something else interesting. Notice that the pink T

layer in the middle, labeled "Code", has Tewer units than tha green layer, which in
wrn has fawer units than the biue layer:
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Encoder Decoder

What this means is the aute-encodsr has come up with a way of edracting the
‘easencs” of a face IMage that requinks fewer NUMbGrs than the oniginal image.
It's able 1o 00 ths DECOUSe Ta0es have simildr STLCTUrg: Nasr ON 10D, Then Two
wyes balow that, a nose in the middie, 3 mouth and chen at the bottom. And ayes
have o certain general shape, as do nosss. So it dosan't need to keep track of
wvary pol; it can sach face mors 5 . This will ba important
Iator,

If you fead in a new face to the encodar part of the network, the resuling Coda
ipink layer) serves as a kind of shorthand for the face, using fewser numbsers.
Whenever you e, you can feed that code inio the camesponding decoder
nerwork and get back something that is predty close 1o the onginal face, Bun
what if you made up a néw code at random and fed that into the decoder? Than
you'd get back a different face!

Noisy images might come from many places in real M a shaky hand with 2
camara, photographs taken on & hazy day, 4 scan of an imags in A NeWwspapsr.
[Explain that computers can lsarn to rémowve noise from images. Show them
pcturgs of noesy iIMages and the de-noised versions:

Shide 18: On the left, we 268 a noisy imagse. Computens can “dencize” the image
and produce something closs to the onginal.

& Cogreight MOTT-J00 - Resclyd, LLC
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'We start by collecting a bunch of clean images (no noiss). Let's say they're all
images of peopls’s faces or numbers.

Shda 11: Tha sncocer reduces e iMage 10 15 sasental features. It turms the
image into a cods.

Shda 12: The decoder can redonsruct the imags from the coda. It ofien looks
shghitly cifferent than the original.

Shde 13: Bul now COMPURRS Can do a kot Mere 1han just Show ws whal we gave
itin the first placs. It can tum a “noisy™ IMage iIntd a Mors clean imags.

This is useful because noisy images might coma from many places in real life: a

shaky hand with a camera, photographs taken on a haZy day, a scan of an image |

manmﬂﬁwm:mmwnwmmmim.
Soe Sihdes 14-17.

Now We riin the Sulo-encoder By SeIecting an iMags and making a naisy
version. The noise could be speckie-type noise, or bluning, or somathing else.

We feed the noisy image to the encoder network (Dlus box on tha left and show
the onginal cloan image 10 the decoder (blua box on the right) and we tell it this
Clean iMage is What you should be producing.

Initially the decoder produces garbage, but the neural net lsaming algorithm
adjusts the weights in the network 50 that sventually the decoder's output kooks
pretmy much e the clean mage it's supposed 1o producs.

Once wa've trained up the network, we can show it a new noisy facs it hasn't
sean bafors, and it will do a pretty good job of removing thi Nose.

This only works if W have Snough truming examples; we'll nesd thousands of
faces and o fast computer.

& Cogright MOTT-3003 - Pesclydd, LLC

Slide 19: How does this happen? Basically, thers i3 a noisy imags, either taken
that way or mads 1o be noisy 10 train the computer. The computer remaoves the
noise and renders tha image as i thinks i1 should leok:

Practice: Variational Auto-Encoders & “This Face Does Not Exist”
Slides 19-22
Show students the Vanatonal Auto-Encoder website at

5o/ WL SENSE COM ENsecTa vaniational-autcencoder

This £19 US6S 8 NeUFAl RETWORK Whers tha code i just 10 numbars, and we can
control thosa numbers using the sliders. (The fact that there are 10 sliders and 10
distinct diGits 5 just & coincidence; thers is o association batwesn the nth slider
and the fth digit.) If you ehck on one of the 10 EHIt Mages it will fun hat mage
hrough the Network and show you both the decoded version and the sider
|positions that produce that decoded image. if you move the sliders amound you
are changing the Code and you can ses how the output changes. You can also
draw & digit USing the Mouss and run that through the network. Playing around
with this is pretty cool. Allow students a chance 1o piay with the code using the
Shaers.

This Person Does Not Exist

Shdes 23-31

Visit www. ThisParsonDessiotExist com and examine some generaed faces. It's
1o create naw faces. But it's not parfect.

Show them how 1o look for imperfections such as

mesmatchod gamings,
ncomplete glasses, funny ayes, atc. Tha naural net isn't parfect, but it's pretty

& Cogright MOTT-3003 - Pesclydd, LLC




Ask students 1o bagin to identify iNCoNSistencies in images they se6. Allow some
SIUCOATS 10 Shire their IMAges By CONNGCTING tHar SHVICES 10 T PIOJSLION.

Proc Trar &DALLE2
Shaes 32-33: Just a5 the auto-encodar TUrns IMages into codes and back 1o
IMages, ransformer NETwWorks turn 1axt ima codes and back 10 tex.

For instance, Google uses them 10 help understand search quenss and also 1o
jgenerate somea of the answars you get back from a search. ChatGPT usss them
10 generate text. Much of woday’s natural language Processing is done using
transformers.

Shda 34: Introduce DALL-E 2. From the user's point of view, it convens text o
images. But what it's really doing is converting 1ext codes 10 image codes. We
US@ 1N ITRNSTONTISn 10 TUM the Text ine 1ext coaes, and we train a neural netvwork
1o genarate image codas from those text codes. Than wa Use the decoder (from
the vasiational autoencodern to tum those novel imags codes into images.

Share e skdes that inroduce DALLE 2. Text 10 MMage Qenaratons use the
encodar haf of a transformer networi. Then, a neural network ranslaies the
code into image code. The companer then shows an image of what it thinks we
Wanisd 1o 569, SUch 23 3 “A 0( SN UNCH A PAM 1.

Shda 35; Howovar, Gxplain that the network produces pictures that may be
inconsistant with what they want. Sometimas tha images ane inaccurate based
o tha numbers given 1o it, such as in “Thres cats and thres dogs sitting on tha

grass”

Have them play with DALL-E 2 that maps text 1o images. Run through some
sxamples below. Show some cases whens the imagses are malformed, and
50mMe cases whers it misunderstood the language. Explain the process that is
NADESNING iN e BACKOTOUNG, i.6. T TExT i TUMGd Mo Coae, thi CO0H i3 un
throwgh a neural netwaork to produce different image code, and the computer
then rendaers the image code as the imags we see.

Let's 566 how the Sysiem does with numbers first. Try soma of these
BpIMenis;

One dog on the sirest.

Two dogs on the strest.

Thiss Sogs on the SesL

Four dogs on the sireqt.

Five dogs on the strast.

One cat and one dog Sitting on the grasa.
One cat and two dogs Sitting on the grass.
Ong cat and three dogs Sitting on the grass.
Two cats and ona dog Sithing on the grass.
Two cats and two dogs Sitting on the grass.
Two cats and three dogs siting on the grass.

B s ook o s o8 on e e

© Copright J017-2023 - Reachehl, LLG

Slide I7: Try this now! Let's bomow a description of an animal from a dictionary.

= A small domesticated CAMIVOMoUS MAMMAal with Soft fur, 2 shor snout, and
retractable claws. It is widely kept a8 a pot or for eatching mice, and many
bresds have been developad.

What animal i3 being defined? A cat: But is this what DALL-E 2 will produca? Or

will it procuce some cats and some mics, as it did in this test? Try it ous.

Why don't you try some of these? Which of these text prompts does DALL-E 2

do a good job on, and which doss it fail?

= Alarge motor velcls Camying passengers by read, ypically o sening e
public on 2 foed route and for a fare.

+ A small vassal propelied on water by oars, sals, of an enginG.

+ A CONNECTon point by which firefighters can tap into a water Supply.

« A maching next 1o a parking Space in a sireet, into which the driver puts
maengy 50 25 10 be authorized to park the vehicle for a particular length of
time,

+ A davice consisting of o circular canopy of cloth on a foiding metal frame
wwawmmumwmum

= Awmmmmwmwwnwwwhﬂ

= An appliance or compartment which is artificially kept cool and used to store
food and drink.

= A mechancal of slectnical device for Measuning time.

= Aninstrument used for cutting cloth, papar, and other thin matenial,
consisting of two blades laid one on top of the ather and fastened in the
middie 30 a3 1o alow them to be opened and clesed by a thumb and finger
inserted through rings on the end of their handles.

= A large plont-eating domesticated mammal with solid hoofs and a fiowing
mane and tail, used for riding, racing, and 1o camy and pull keads,

+ Along curved fruit which grows in clusters and has soft pulpy fiesh and
yollow skin when ripe.

* A domesticated camivorous mammal that typscally has a long snout, an
acute sense of smell, nonretractable claws, and a banang, howling, or

whining voice.

+ Anorgan of soft nenvous tissus contained in the skull of vertcbrates,
functionng as ths coordinating centar of sensation and mteliectual and
nanvous activity.

* An Amanican multinational company that focuses on artificial
intslligence, ssarch engine, onling adverising, cloud computing, computer
SOMWang, qUanTuMm Somputng, &-C and

© Copyright J017-2023 - Reachdl, LLG
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+  Thees cats and one dog Sitting on the grass.
+ Thied Cats and two GOgS SItng On e Qrass.
= Thres cats and three dogs sitting on the grass.

Slicke 36: We can continue 1o test this system by introducing a new form of
Iuwanolor:.lo.dmom Lat's do the first one together
wehicle composad of two whesis held in a frame one behind the other,
pupﬂhﬂbypﬂﬁtﬂﬂﬂﬂﬂﬂﬂhﬂmmlﬂmimmm.

Doses this mest the eqUINeMants set cut by the description? Yes-using natural
language, the Al system is understanding the languags input. It generates
the image based on what is being offersd. h undersiands colors and spatial
rolationships. 'S NOT 25 OOT With Counting ThINgs of ordering wWho is doing
what, as you leamed earer.

Bt is it really what that description is looking forT Mo-this helps us 586 that
Al pfien |acks the ‘SOMMON 628" reasanng That we As50Siate with trus
imalhgance.

© Copryrigh J017-3003 - Readydl, LLC

+  Alange keyboard musical instrument with a woodaen case enclosing a
soundboard and metal strings, which are struck by hammars when the keys
an The strings’ s by dampaers when tha keys
amn relsased and can be regulated for length and volume by two or three

podals.
- Atype of digital currency in which a record of ransactions is maintained

and new units of an by the solution of
matt = and which indepandontly of a cantral bank.
+  Alarge thick-ski i African ‘with massive jaws and
1arge tusks,
* A maching resembiing a human being and abile 10 replhcate cenain human
and functi sl

Concluds by reterating how DALL-E 2 works: Just as we have ancoder networks.
Tor IMages, W 330 Nave encoder NeTWorks for language, called transionmer
natworks,

S0 'we can take a description ke "a dog sitting undernaeath a palm res” and use
the transformer 1o fumn that into a collection of numbers.

Mow, to train DALL-E 2, we nead a lange collaction of images with captions that
describe the image. For each imagea/caption pair, we use the transformern to tum
1ha caption into a caption code, and we use the autoencoder 10 twrm the image
N0 an image code. Than wa tran a third noural NeTwork 1o Map the caption
coda to the image coda.

is complote, we can Make up @ new caption, and this gots turned into a naw
caption code by the transformar, which is then used to genarate a new image
coda.

Thiis nGW iMage CO0E is Tun TOUGH the dacader NEIWOTK and we 09t a New
image, nover sean befors. And that's how DALL-E 2 is able 1o turn your
descriptions inte images!

Extension

Give studenis an assignment that requires them to use DALL-E 2 to produce
work for the class. Ask them to identify images that work or make sensa and
images that do not work or make sense based on the assignment prompt.
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TEACHING GUIDE

Lasson Overview:

Intaracting with intelligent agents has become a part of evenyday life. In this lesson, students

will axplore first how sound works and is represanted on a computer. Then, students will use the
‘SpeschDema tool 1o determing how COMpPUters render the sound and make informed guesses as 1o
what users have said. This also presents limitations that students should be aware of. Finally, using
Scranch, students will create a tool that allows themn 10 engags the programming of inteligent agents

Lasaon Objectives:

By the and of this lesson, students will ba ablks to

= Demonsirate how differant sounds in English result in different specirogram pastemns.
Explaining how amieguily in the Speech Signal lescs 10 multinhs BoSiDe ranstnptans

+ Greate a Scratch program that emiploys speech recognition.

Interacting with a5

Big Idea #1; Perception
Big Idea #4: Matural interaction

Intelligent Agents (7-9) R

1.2 Digetal Citizan

+  1.2b- Students engage in positve, safe, legal and ethical behavior when using technology,
ncluding Social INTSractions onling or when using Nehidrked devices.

1.3 Knowlecge Constructor

*  1.3d - Students buid knowledge by actvely exploring real-world issues and problems,
devsloping rdeas and theories and pursuing answers and solutions.

1.7 Global Collaborasor

+  1.7a- Students use digital toaks 10 connect with learners from a variety of backgrounds and
cultures, engaging with them in ways that broaden mutual understanding and leaming

Equipment

Charged studen devices. If desired, InStructons may aiso provide the premade demo found herg:
Inteliigent Assstant with Keywords (Cognimates) Activity'

Enzure the followsng webiaites are functional and work with the sudents” devices:
*  hiips//Spectrogram sciencaemusic. o)
+  hupfweescca ey edw SpeachDema

hips codelab cognimates.ma’

FPEC0CE POOgH. COMYCOTUMent /ot e TviwnptET o0t 7. ka0 Qew Sg0vw Fl- Mo Do/ ecit Tuspecran_

© Copyright 2007

Attributions

Much of ths lazon was denad from the following Heources:

«  Touretziy, D. (2022). Waveforms and Spectrograma: Activity Guide, AMKT2 org. Retrieved from
ht i4 k12, org/wp-content/uploads/2022/1 1/ Waveforms-and-Spectrograms-Activity-Guide.
pdi

‘Warm-Up Exercise 3 minutes
Agik students how they make sounds. Have students try 1o identify as many

sound organs as they can. These include mouth, teeth, Tongue, lanmx,
Tourstziy, D, 2022). SpeschDemo: Activity guide. AMK12.0rg. Retrieved from hitps./aisk 2. on’ ciaphengm, Lngs m:umhm. w:;:n thes shor § farym
wip-content/uploada2022/1 1/SpeschDemo-Activity-Guide-4. pdf = . pis k) Video = =
Gardner-McCune, C. & Touretzky, D. (2022). Inteligent Assistant with Keywords (Cognimates). #NIDGD: How Dogs the Human Body Produce Vorcs and Speecn’?
AMK12.000. Retrneved from hips./adkl 2 ongiwp-coment uploads 20221 2nelgent -Assistant-
with-Kaywords-Cognimates-Activity-Guids. pdf

Presentation: Spectrogram Activity 10 minutes
Sound is a rapid variation in ar or water pressure. Thers is no sound in outer
Space because thens is no air, but thers is sound underwate

A microphong CONVerts Pressure varations into voltage vanatons that a
computer can datect.

Tha COMpUIe MEASUISS 1he VOITagS thousands of Lmes sach second,

If wa plot the voltags values over time, we can 366 the “waveform™ the pattern
of pressure changes that we perceive as sound.

An pecilloscops is a devies for visualizing waveforms. Rapid changes back and
forth i.6., in pressune or voltage) are called “oscillations”, 56 an oscilloscops isa
device for seeng oscillations

“Frequency”™ refers to how quickly the air pressure is oscillating. Fregquency
determings the pitch of the sound. Fast oscillations (gh frequencies) result in
higher pitch sounds.

Hare is what a scund might look Bka on an oscilloscope:

A SpECrogram s andther way 10 look at the audso signal. As with the
03¢iBoICope dioplay, e X-2x3 Jeno1es time, Bun in 3 spectrogram, the y-aos
indicates pitch (frequency) rather than amplituds. Sincs the speech signal can
have contributions from multiple frequencies, inswead of plotting a single line like
a waveion, we use color 1 show The amount of ensngy in sach fraquency band
High energy, shown as yeliow of red in the desplay, means that this frequency
contributes significantly to the mixture. Hers is the waveform for high G (one
octave above middle C} along with the comasponding spectrogram:

39 48
e ——————reeeeeeeeee——
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Lat's practics now with a spectrogram

1. Open hitps:/spacirogram. sCianCcemusic. ong/.

2. Clickon the microphons icon twice to bagin recording.

3. Speak into your laptop's microghona and observa the spectrogram,

4. Press 1he space key 10 1reaze the desplay S0 you can examing e
spectrogram mone closely. Press ™he Space key again to unfreaze it whaen
you're ready to collect new audio.

5. The spectrogram below shows a person singing a scale middle C-E-G-high
G, or do-mi-so-do. Try singing some scales and see what that looks like.

6. Formants. Formants & the major frequaency compansnts (Righ
Bbands) in the speech signa, They are labeled, F1, F2, F3, etc., with F1 bang
the lowest frequency. Formants move up and down with intonation (voice
pitch). Early speech recognition systems paid a lot of aftention to formants,
usSing akgorithms called “Tonmant Trackers”™. MOOSr SyStems Dased on neural
networks take a meng holistic approach and leok at the entrg spectrogram,
The spectrogram below shows the formants when a pemon is saying “the
goat wrote,” with “geat” having a rising intonation and “wrate™ a falling

© Copyright 2017-2003 - Feachyal, LLC

8. Try having differant people around you say “anificial intelligence” siowly.

Whas do you netice about the rendarings in th tregram? Nete how thay
‘overall, they ane very ssmilar regardiess of who is speaking. Given haw similar
ane person's use of language may be to another, computers can then begin
10 use amificial inteligencs 1o come up with informed determnatons of what
2 parson S3ys Based on what that woed of STring of words sounds ke when
said by moat humans.

Practice: Spaoch Demo

1. Ask students 10 navigate to httpswaww.cs.cmu.edw/~detSpeechDemao

2. Speak ino the microphons and your voice will be transcribed 10 text

3. I ineng ar Severd plausbie manscripbons, all leading candizates will o
displayed.

4. Click on the "pauss” button to temporarily disable the microphona.

E. Chick on "resuma” 10 resums reconding.

6, Click on the “read back™ BuTtan 10 1urm on computer readback of the
recognized text.

7. Chck on the pulldown menu to switch to a different language mode! (6.g..
Spanish, Chiness, st

Students should now practice with the Speech Demo. Expiain that computers
use data taken from the phone and a digital g of the pensans
SEeech 10 Transcrits what the user is saying. Az times, Thes is very accurate,
especially if the person speaks ciearly, speaks siowly, and 0oes not have a
Sirong accent.

Asgi students what sihical CONCArs might aise from Speech recognition
expenencng chalenges in rendenng speech from those with accents. (Answer:
Spaakers with native accents of accants adjacent to those who programmed the
artificial intellgence are prioritized, whiks second languags leamens may be left
out of the development procass and the subsequent benefis Al can bring )

Offer students some insights into how Al speech recognition can work batter for
them:

1. Importance of contaxt: Longer sentences work better. Accuracy for single
wonds may not be that high, but if the words are strung together in a
semence, contanual information can be used o make better guasses about
i word,

Try the following short words or phrases:
a. e “brat”
b. ® “scat”
©. ® "satscat spat”
d. = “fat fiat flap flag fab™
Now try these full sentences:
a. » "My line brother is a brat.”
b. | Bke scat singing.”
.« “Lic flat and It the flag flap in the breazs.”

© Copyright 201730283 - ReacyAl, LLG

15 minutes

READYAI

imonaticn. The white boxes enclosing hiss-ike sounds (no formants visibla)
denote the pufl of air released after the "1™ in “goat” and “wrota.”

how they differ. Viowels ano easier 1o distinguish than consonants because
they can be held kke a sung note, whereas consonants are brief events
whoss distinguishing features can be guite subtie. For sxampls, the

i5 ong of the things thal Makes Speech recopnition difficult.
8. Analyzing speach. Taking everything we've Kamad about SpGctrograms
Wa can look at a segment of human speech and tease apart some of the
structung. Her is a spectrogram of someons slowly saying the phrase
“artificeal imteligence.”

© Copyright 2077-2023 - Misaciyddl, LLC

2. Gareful enunciation helps. Compare the following:
2. * “heming the in 3 up sandwich”
b. ® “heating. the. in. a. up. sandwich.® (pause between each word)
3. Homophones can often be disambiguated by context. Try thess axamples:
. ® "They're claiming theer dog 5 thers.”
# “Which witch is which?™
 “if | teach from 12 1o 2 can | eat lunch toeo?"
* "Ha lad the study of lead poisoning.”

ap o

However, thers ane imitations 1o speech recognition. Speech recognition was
not all trained on human speech. So, common sayings or phrases may take
precedent cver what a perssn i actually saying.

1. Try these examples:

& Here is famous gquatation, from The Hoebbit, that uses "ere” Does Google

ostin?
* “Wo must away e break of day.”
What if we change a few words?
* “You mMust depar ere noon today.”
b. Sing the chorus 1o "Thres bind mics.” What if we change some words?
* “Threa bind mice. Thres blind mice.”
# “Three blind mites. Thres blind mites.”
& “Ses blind mice. See blind mice.”
€, This famous quote is from Jahn Danng (“Mediation VI, Winat f we
change the last word ?
& “Mo man is an iskand.”
® “Ma man is an ayslid.”
® “Mow blink your eyelid.”
Googls has no troubls recognizing “eyelid®, axcept when it oocurs in
a context whers it Strongly sxpects to haar “island™

What do these experiments teach us?

+  Alanguage model determings not only the vocabulary that can be
recognized, but akso the 36t of phonames (sounds) the recognizer will
consider. Changing language modsis can have a dramatic offect on how
Englsh i3 “heasd.”

Al &3 Emited in its abilities right now. Given not every intelligent agent system
has been trained on eveny model posaible, erors will invitably occur

Al models must be expansive and include a vanety of spoken dialects of a
language, including those spoken that are not considersd “standand,” In this
way, Al can represent and benefit mons people.

Meodels nesd to be continually updated in order to reflect the most recent
changes 1o Anguags. Can you think of sayings that ars used wday that my
not ba recognized by AT

7. Try making yeur own spactrograms of different vowsl sounds and obsaning

spectrograms for “pat™ and “cat™ or “do” and "goo” look nearty identical. This

44
_—eeee
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Production: Cognamates 20 minutes

Variables

1. Hers is & direct firk 1o the Scrazchd page a1 Cognimatas.me. Nets that you ug.
PUST USe This version of Seraten, not 1he 08 31 seraneh. mit sdur REpe e
eodeiab.cogrimates.med. You can also get 1o this page by going 1o the .. e

Cognimaies.me home page and clicking on the “Code & Piay™ bution.

2 At the botiom of the paletie, you will find entres for the Spesch to Text
arsd Tt 10 Speech Exensons, which & pre-ioaded. These give you the
DGCTONY biocks shomw Daploy,

C B N

i

]

oo

i

°

2 Go 1o "My Biccks™ and click on the “Make Block” button. The featune
wo'll ada aliows tha assestant 10 ask us rddikes. In order 10 1S3 the “rddle”
block, you must create two ket variables, Cremie a et vonable called ndcls_
QUeSTIoNS and ST it 10 This lise
*  What has hands but cannet clap?

& What has oy9s bit cannot ses?
*  What Ras lags bul doeen't walk?

Tha imeligent assis1am works By AC00ptng nput from the user, scanning it for
kgywonds, and gensrating 2 tanned response whaen a keyword matches.

Tha Ssustant LNCeIants Several TyPeS of FqUESTE; W will Wite 4 Separate
biock 1o handle sach tyDe. AN Bock Sefnetiona J0psar &1 the end of The 380100,
FRGF 10 INGSE DAGES WHEN YoU e 10 CHRdte I biock in The S60S Dalow.

Go 1o "Variabies™ and ceate 2 vanabie called user_response. This is what you
shauld soa:

€ Copyeigp 3017-3005 - Peaciphd, LLC & Copyeighn 0173503 - Peachyid, LU

3 Croate ancther ls: vaniabie calied riddie_answors and 551 it to this let
Gy

lengthd =

4. Uncheck the boxes for riddis_guestions and riddle_answers so they don't
appear an the stage.

E  Creote two new vanables called “riddle_guestion” and “rddie_answer™
and unchack thesr Does. Then creats & new block named “riddla”. Ener
e Gelfirvton for 1o fdde block u=ing thie code prowided at the end of thes
soction. Motice that riddie makes wsa of wo-210p.

. Update the main program by inseming a “riddle” biock after the “Twa-step”
biock, Now your program should sxactly masch the code shown in ihis
actly gueds.

7. Tea your DROGRaT by chriong on T grien Ting and Baying “Asssman, ask
ma . riddle.” Try giving the right answe. Than arsk for another riddle and try

GIVing T WISNg Andwer
Ask students 1o share what they discower. If time allows, ask Students 1o oreate @ Give Siudents The bk for the Cogrimanes ksson knk. Snudents can continus the
e 20t of iddles and modify the adsing code. lisson 1o create rddkes Snd two-S160 rocuSSes:

barps: ekl 2 ondap-contentuploads 20221 2/ inteligent -Assistant-with-

Kaywords-Cogrimates-Activity-Guide pdl

Addtaonally, The nctivity found in the leason

mmmmﬂmummm laywordls and
aharced tham implamant & option

rsponses. For mom snadents, hive “guir”
madeod afier 1Hhe “riddie” Block; il should pick 3 Guiz GUBSTIoN al random from a
list tha student creates. For example, it could be a trivia quiz about their school,
OF @ QLT Bbout theer St1e (9.0, S8 MO0, State bind, state fiower, State Capital).
Students could also moddy Tha code 1o make the sprnie change 13 apERaranNce
wihil '8 MeSpOnCng 1o B Mequast, or whis it's waiting for tham 1o supply an
answer 10 2 joke or riddie. (Gardner & Touneazsiy, 2022, p. 81

Studants could also modidy the cods to maka the sprite changs s appaanance
‘while it's responcing 10 0 request, or whi it's waiting for them o supply an
answer 10 8 joke or riddie, (Gardnes & Tourstzsiy, 2082, p. 8
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IN CLOSING...

Though work remains in the design and implementation of our collaboratively
designed and fully integrated curriculum, ReadyAl is incredibly proud of the work
that was produced in partnership with NCS throughout the 2022-2023 academic
year. From cutting edge lesson plans on emerging Al technologies to helping execute
the first ever Hackathon at NCS, our joint efforts have created a truly unique and
innovative map for Al learnings for young students. As this technology continues to
rapidly evolve, it is ReadyAl's commitment to assist in the design, development,
implementation, and evaluation of a robust learning ecosystem at NCS, not only for
students but for the talented faculty and staff as well. In seeking together to adapt
and build upon the lessons, experiences, and opportunities of this past year, we look
forward to doing our part to bring about the successes of both NCS and NEOM
project as a whole.

Thank you for your time, invaluable expertise, and continued support.

Yorbd oy Lo eyt

Rooz Aliabadi, Ph.D. Jordan Mroziak, Ed.D.
CEO ReadyAl CTO ReadyAl




