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Frontiers of 
Computing

Distributed 
Computing

Lessons from K-12 
CS Ed 
(i.e. let’s not repeat 
the same mistakes 
or reinvent the 
wheel!)

Why K-12 AI 
Ed? 
(aka AI & the 
coming 
tsunami!)

Challenges, open 
issues, & 
recommendations 
(è we’ll get 
through this!!!)

State of AI 
education in 
K-12 
+
Examples  
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What does CS tell us about how to proceed?

How should the CS classroom and community adjust
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Education:
the best 
strategy
FOR thriving & 
the best 
inoculation
AGAINST misuse





teachai.org



Computers in Schools, High Speed 
Internet, 1:1 devices…

Who is empowered to 
learn with and about AI

Doing nothing is not an option

Old Digital Divide New Digital Divide

https://www.brookings
.edu/articles/ai-and-
the-next-digital-divide-
in-education/
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K-12 CS 
Education

K-12 AI 
Education
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CS Education is not going anywhere!



There is no AI 
education without 

some understanding 
of computing

There is no CS 
education (today) 
without including 
engagement w/ AI

(Psst…there can be no AI 
without computing!)

CS Education

AI Education

Learning to code will still be 
important, but there will be 
other areas of emphasis)
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Frontiers of 
Computing

Distributed 
Computing

State of AI 
education in 
K-12
+
Examples 
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Grover, S. 2024. Teaching AI to K-12 Learners: Lessons, Issues, and Guidance. In Proceedings of SIGCSE 
2024, March 20–23, 2024, Portland, OR,USA. ACM, New York, NY, USA
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Teaching AI in K-12

Ongoing/early research 
on K-12 AI education

Reviews

Key themes from 
ongoing efforts

Synthesizes

Challenges & tensions 
in tackling "the next 
new thing"

Identifies

Takeaways & Guidance 
Suggests



Developing broad AI literacy (awareness about AI)

Designing ethics- and fairness-focused experiences

Examining the appropriateness of diverse pedagogies for 
developing understanding about AI (a very technical topic)

Examining pedagogies that serve well-defined purpose(s) (e.g., 
broadening participation among women or youth belonging to 
specific groups,

Diverse goals of AI research projects

Developing understandings of AI tools & AI/ML techniques

Teaching AI basics from a CS topics lens

Lifting the hood on how AI/ML works (making AI less magical)

Integrating AI learning into/with other subjects

Co-designing with teachers and teacher preparation
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What we should 
be teaching in 
schools about AI

Importance of 
ethics, bias, and 
critical 
examination of AI

Data Primacy
& 
‘CT 2.0’ 

Pedagogies & 
instructional 
approaches

A plethora of free curricular resources

Ways to integrate 
AI into other 
subjects 

Curricular co-
design & teacher 
preparation

+

Key Emergent 
Themes
&
Outcomes
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What we should 
be teaching in 
schools about AI

Importance of 
ethics, bias, and 
critical 
examination of AI

Data Primacy
& 
‘CT 2.0’ 

Pedagogies & 
instructional 
approaches

A plethora of free curricular resources+

Key Emergent 
Themes
&
Outcomes
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What learners 
should know & 
be able to do

AI4K12.org







Data Agency
Data agency extends the 
concept of data literacy by 
emphasizing people’s 
ability to not only 
understand data, but also 
to actively control and 
manipulate information 
flows and to use them 
wisely and ethically. 

Data Literacy
Involves understanding what 
data one creates, what 
happens to them, and with 
what consequences

Data Agency
Refers to people’s volition, 
skills, attitudes, and capacity 
for informed actions that make 
a difference in their digital 
world.  
A more active concept.

Matti Tedre, Henriikka Vartiainen, Juho Kahila, Tapani Toivonen, Ilkka Jormanainen, 
Teemu Valtonen. Machine learning introduces new perspectives to data agency in k—12 
computing education. In 2020 IEEE Frontiers in Education Conf., pages 1–8. IEEE, 2020.

Primacy of Data & Data Science
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● Decomposition: Understanding complex AI problems 
requires breaking them down into smaller, more 
manageable parts.

● Pattern Recognition: Machine learning relies on 
recognizing patterns in data. Students practice and 
develop skills in identifying patterns and trends.

● Algorithmic Thinking: Learning about AI exposes students 
to algorithms, step-by-step solutions to a problem, from 
simple decision trees to more complex processes.

● Debugging: As with any computational task, AI models can 
sometimes produce unexpected or incorrect results. 
Solving these issues is central to both AI and 
computational thinking.

● Evaluation: AI frequently demands the assessment of 
different solutions; this mirrors a key aspect of 
computational thinking, where solutions are tested and 
refined based on outcomes.

Computational 

Thinking
A way of solving 

problems and designing 
systems that draw on 

concepts fundamental to 
computer science. 

Learning how AI works is 
an opportunity to learn 
computational thinking 



Matti Tedre, Tapani Toivonen, Juho Kahila, Henriikka Vartiainen, Teemu Valtonen, Ilkka Jormanainen, and Arnold Pears. 2021. 
Teaching Machine Learning in K–12 Classroom: Pedagogical and Technological Trajectories for Artificial Intelligence Education. 
IEEE Access 9 (2021), 110558–110572. 



Paradigmatic Machine LearningDifferences in



Paradigmatic Machine LearningDifferences in



https://www.weforum.org/agenda/2021/07/ai-machine-learning-bias-discrimination/

AI Ethics



Ethics, bias, and 
critical 
examination of AI 
baked into all 
curricular 
experiences
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Responsible AI for Social Empowerment and Education (raise.mit.edu)





Lifting the hood 
through 

programming 
ML models 

Digital (non-
programming) 

interactives Co-
designing

ML 
applications

Explorations 
w/ pre-

designed
models & 

tools Unplugged 
Activities

Using APIs 
for 
classification 

Socially-
relevant 
AI apps

Constructionist
sense-making

Plurality of Pedagogies for Teaching AI/ML 

Ethics-
focused

Integrating 
movement/

cultural 
practices
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Two NSF-Funded R&D Efforts to Design AI learning for HS Students
CS Frontiers (CSF)

● 4 year effort to design & test a year-
long modular curriculum
○ Distributed Computing, AI/ML, 

Cybersecurity/Internet Of Things, 
Software Engineering (capstone)

● Focus on engaging HS girls in CS
● Interdisciplinary connections
● Team: Vanderbilt, NCSU, LGV

AI & Cybersecurity for Teens (ACT)

● 2 year exploratory effort 

● Focus on (a) Integration of AI and 
Cybersecurity (NSF SaTC-Edu) è
Teaching AI in the context of 
real-world CyS issues (eg. bot 
detection, DDoS mitigation) (b)
Lift the hood on how AI/ML 
works

● Team: LGV, Vanderbilt, UNO

Both rely on NetsBlox (an extension of Snap! with amazing capabilities)
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Institute for Software Integrated Systems
Vanderbilt UniversityBrian Broll Akos Ledeczi

NETSBLOX

Opening up Snap! to the web unleashes a world of 
possibilities



NETSBLOX
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TWO SIMPLE 
ABSTRACTIONS

Remote Procedure Calls

▪ RPC: call functions on the server
▪ Multiple input arguments
▪ One output argument
▪ Blocking call (waits until it gets response)
▪ Works like any other custom block

▪ Similar RPCs are grouped into a 
‘service’
▪ Google Maps, weather, earthquake, 

museums, movies etc.



How a NetsBlox RPC works



ONLINE DATA AND 
WEB SERVICES 



Charting climate data using Temp, CO2, Ice core, … data over time

Check out 

the “low 

floor” !!!



Weather/AQI/… using the Google Maps/Geolocation/Weather



Sky navigator app using the Sloan Digital Sky Survey



Movie guessing game using The Movie Database (TMDB)



Hidden Figures Cast Show



Covid-19 visualization by region using Google Maps/Geolocation/COVID-19/gnuplot



Data & Transdisciplinary 
Learning  

Data is /
 are 

everywhere!



TWO SIMPLE 
ABSTRACTIONS

Message Passing
▪ Events in Scratch:

▪ Messages in NetsBlox:

▪ Message type editor:



Re
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Akos Ledeczi 
(PI)

Vanderbilt

Shuchi Grover 
(PI)
LGV

Tiffany Barnes 
(PI)

NCSU

Brian Broll (Co-PI)
Vanderbilt

Marnie Hill
NCSU 

Veronica Catete
NCSU 54

#1949472, 
1949488, 
1949492

CS Frontiers: Engaging Female High School Students in New 
Frontiers of Computing (CSFrontiers)



CS
F 

Te
ac

he
r P

ar
tn

er
s

April Collins
(MLK, Nashville)

Ian VanBuskirk
(Garner Magnet, NC)

Susan Ettenheim 
(ERHS, NYC)

Maryellen Magee
(WAH HS, NC)

Madeline Drayton
(Providence HS, NC)

Tammy Gose
(Wilson County, TN) Padmaja Bandaru

(AMSA Charter School)

Omar Ali 
(Northeast HS, PA)
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Engage 
non-

dominant 
grps  (esp. 

girls)

Engage in 
Data 

Science

Project 
Based 

Learning
Collab. 

Activities

Integration 
& multi-

disci. 
learning
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AI/ML Curriculum Design/Curation

1. NetsBlox Activities

2. Open-source AI and ML materials for 
K-12 students:

i. AI4All: AI Bytes Units
ii. AI4K12
iii. Ecraft2learn

3. Connected activities to the AI4K12 
learning objectives in the AI4K12 Big 
Ideas Progression chart



CS Frontiers AI / ML Module Overview

Unit Main Topic Activities

Unit 0 Netsblox refresher Introduction to Netsblox Activity

Unit 1 Introduction to AI Google Quick, Draw!

Unit 2 Algorithms and Search Map Breadth First Search 

Unit 3 Introduction to Machine Learning Twitter Bot Classification

Unit 4 Introduction to Natural Language Process and 
Sentiment Analysis

Music Sentiment Using Genius API

Unit 5 Sentiment Analysis Students expand on above activity 

Unit 6 Bias in Datasets, Ethics in AI/ML Students create presentation on bias

Unit 7 Other ML Techniques Imitation Learning Game

Unit 8 Deep Neural Networks Square Root Predictions with Neural Networks

Unit 9 Real World Application of AI/ML AI & Criminal Justice, AI & Environment
59

ML

AI

More ML 
and Other 
Topics



60

“Sentimental Writer” (NLP/Text Analysis)

“Classify” a text as positive, negative, or neutral sentiment 
using a publicly-available text classification API called 
“Parallel Dots” an AI powered NLP API 
https://apis.paralleldots.com/text_docs/index.html)

https://apis.paralleldots.com/text_docs/index.html


Part 1 (Unplugged/Pseudocode)

61

Read through the following pseudocode and think about what this program is doing and 
how the program should be coded 

When ⚑ clicked
Continue Forever

Ask a question and wait
Set message to the answer of the question
Set sentiment to a RPC that identifies the sentiment of message 
Set strongest sentiment to the first item in a list of 

sentiments
Set pen color to neutral color
If strongest sentiment is equal to positive

Then set pen color to positive sentiment
If sentiment sentiment is equal to negative

Then set pen color to negative sentiment
Display message to stage

End Forever



Part 2 (NetsBlox Parson’s Puzzle Activity)

62

Load up the Netsblox Activity :
Sentiment Writer [link]

Assemble the 
starter code
provided to 
replicate the 
procedures in the
pseudocode of 
Part 1.

https://editor.netsblox.org/?action=present&Username=Lauren&ProjectName=Sentimental%20Writer%20Starter%20Code&




https://quickdraw.withgoogle.com/



EAAI “AI Education in K-
12” Conference 2022

ACM SIGCSE 2023

Journal paper on NetsBlox



Shuchi Grover
(PI - Looking Glass Ventures)

Brian Broll
(Co-PI - Vanderbilt)

SaTC-Edu
#2113803
(EAGER)

Melissa Dark
(Advisor)

Derek Babb
(UN-Omaha)

Cybersecurity Education in the Age of AI:
Integrating AI Learning into Cybersecurity High School Curricula 





Why Integrate Cybersecurity & AI learning?

● Both are fast-growing and increasingly important CS-related topics

● Leads to better understanding of how these fields look in the real world
○ Authentic (AI in Cybersecurity)
○ Learning in context (Cybersecurity in AI)

● Practicalities of introducing new subjects is challenging
○ Already packed CS and school curriculum
○ Easier for HS students to get a flavor of multiple emergent fields in one course than 

trying to introduce 2 separate courses



How & where do these 2 critical 
subfields of CS meet?

What does Cybersecurity look like in 
the age of AI?

How do AI models work to address 
issues of Cybersecurity?

How does AI raise (new) concerns 
related to Cybersecurity?

Cybersecurity & 
Artificial Intelligence
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AI Ideas & ML Techniques

- Rule-based AI
- Decision Trees
- Classification & Prediction
- Supervised/ Unsupervised 
Learning
- Bias and Ethics
- Anomaly detection
- Adversarial examples
- Generative adversarial neural 
network (Deep fakes)

AI in context of Cybersecurity

- AI/ML concepts/techniques  
in Cybersecurity contexts
- Exploring various ML 
techniques & models in 
NetsBlox using code & (often 
actual) data
- Discuss use & implications 
for Cybersecurity and society
- Explore/play with pre-built 
games & examples

Basics/Big Ideas of Cybersecurity 

- Cybersecurity First 
Principles, The CIA Triad 
- Cryptography, 

passwords, and ciphers, 
hacking

- Phishing, spamming
- Network security and 
vulnerabilities, DDOS 
attacks
- Misinformation 
campaigns, bullying, cyber 
warfare, bots

Learning Goals of ACT 



ACT Pedagogical Approach 
● Learning in Context: Teaching AI in context of Cybersecurity
● Making Connections: Helping students see real-world connections through 

relatable examples/hooks and “cases”/”scenarios”
● Games and guided exploration for engagement and for building intuitions of 

ML techniques : Hands on unplugged, digital, and programming activities, 
e.g., 
○ https://kennysong.github.io/adversarial.js/, Google TensorFlow Playground, ThisXDoesNot Exist,

○ Pre-programmed games (Find the minimum, Registration Bot, …)
● Scaffolding: complex ideas through various techniques including 

○ ”Glass-boxing” / Levels of Abstraction:  Increasing the transparency on 
how the model is programmed - idea/unplugged exploration, 
pseudocode, “sub-goal” blocks, Parson’s problems, actual code

● Sense-making: Pre-activity topical news/issues; post-activity 
reflection/discussion

● Collaboration: All activities are designed to be completed in pairs/small groups

https://kennysong.github.io/adversarial.js/


Big Ideas / Goals Related to AI/ML

● Lift the hood on Machine Learning techniques
● how the machine learns
● how to examine/understand data and its features

● Optimization
● Generalization & Overfitting/Underfitting
● How bias can impact aspects (and phases) of machine learning

a. Issues of Ethics 
● Adversarial Thinking: Whenever we discuss solving a cyber detection 

issue using AI, also think of how it can be fooled



Curricular Activities & AI/ML Concepts/Big Ideas
● Curricular Coding Activities in NetsBlox:

○ Rule-Based AI to Mitigate Denial of Service Attacks (through a chat room kids code)
○ Text Classification and Cyberbullying (using the ParallelDots NLP API)
○ Twitter Bot Classification and Decision Tree Building
○ Optimization & Find the Minimum Game 
○ Registration Bot Detection with Gradient Descent
○ Generative Adversarial Models

● Additional (Recurring) Topics:
○ Adversarial Thinking
○ Generalization and Over/Underfitting
○ Understanding Bias and Critical Interrogation of the Impacts of ML Models

● Unplugged/Interactive (non-programming) activities before coding



Moderating Speech in NetsBlox Chat App Using ParallelDots



Scaffolded Progression to Understand Decision Trees 
Through Twitter Bot Classification

Data exploration in 
CODAP; Examine 

features; Ways to split 
the dataset

Scaffolded activity 
to manually build 
a rule-based 
classifier in 
NetsBlox & 
evaluate on the 
entire dataset

DT Classifier: 
Explore  the 
code for 
automating data 
for “best split” ie 
lowest entropy
(Parson’s 
Puzzle)

DT Classifier: 
Understand the 
algorithm for 
automating data 
for “best split” ie 
lowest entropy
(Pseudocode)

1. 3.2. 4.







Twitter Bot Detection Using a Rule-Based Classifier

Students create a classifier to classify twitter accounts as Bot or Not

78



set possible branches to all ways to split the data

for each possible branch:

set improvement to the decrease in entropy using this branch

if improvement > best improvement (seen so far):

Save the (best) improvement, branch, data partitions

for each data partition created with the best branch:

if the points have different labels:

create a new tree from the partition

else:

create a leaf node

Decision Tree Building Algorithm







Adversarial Thinking: How Can The Model Be Fooled?



● Introduced using the “Find the Minimum” game
● The student is trying to find the minimum of an 

invisible function
● When the user clicks on the screen, the point of 

the function is shown to the user along with the 
gradient

● Functions increase in complexity as game 
progresses

● Discussion topics following the activity include:
○ What would the minimum represent if the function 

was concert ticket prices over time? Or something 
else?

○ What if it was the error of a machine learning model?

Example Sequence: Optimization using Gradient 
Descent & Registration Bot Classification



● Given data collected from humans and bots while registering for a website, can we 
train a model to detect bots?

● Explore the data in CODAP
● Discuss a simple way we could try to predict if it is a bot (logistic regression)
● Can we “tweak” the unknowns (weights) of the model like in the “Find the Minimum” 

game?

Example Sequence: Optimization + Bot 
Classification

TO DO: image of the 
subgoal blocks



https://cacm.acm.org/blogs/blog-
cacm/256999-ai-education-for-teens-
lifting-the-hood-on-data-and-machine-
learning/

EAAI “AI Education in K-
12” Conference 2023

ACM SIGCSE 2023

https://cacm.acm.org/blogs/blog-cacm/256999-ai-education-for-teens-lifting-the-hood-on-data-and-machine-learning/


CS Frontiers
● Website: csfrontiers.org

● Curriculum: csfrontiers.org/curriculum

● Intro to CSF & Distributed Computing video

● AI/ML Module 

AI & Cybersecurity for Teens (ACT)
● Website: cyberai4k12.org

● Curriculum: https://cyberai4k12.github.io/curriculum/

● Resources: https://github.com/cyberai4k12/awesome-
cyberai4k12

http://csfrontiers.org/
https://csfrontiers.org/curriculum.html
https://www.youtube.com/watch?v=uqPOer3aXZg
https://csfrontiers.org/ai-and-machine-learning.html
https://github.com/cyberai4k12/awesome-cyberai4k12


What we should 
be teaching in 
schools about AI

Importance of 
ethics, bias, and 
critical 
examination of AI

Data 
Primacy/Agency
& 
‘CT 2.0’ 

Pedagogies & 
instructional 
approaches

+ A plethora of free curricular resources

Ways to integrate 
AI into other 
subjects 

Curricular co-
design processes 
& teacher 
preparation

Key Emergent 
Themes
&
Outcomes
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Plethora of freely available activities, interactives, tools, curricula,…
(See the growing resource list on AI4k12.org) 



Challenges & Tensions 
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Build on lessons from K-
12 CS Education 
(pedagogies, equity, 
teacher prep, …)

Dovetail CS Education & 
AI Education

Focus on building an 
empirical base for age-
appropriate progressions 
and pedagogies.

Integrate into/with core 
school subjects

My Recommendations for K-12 AI Ed
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Frontiers of 
Computing

Distributed 
Computing

Lessons from 
K-12 CS Ed
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02 Integration	
with/into	subjects

For students to see applicability 
and understand the use of CS in 
the real-world, it should be taught 
in conjunction with subjects

Affective	skills	&	

Computational	

Thinking/

01

Crucial skills in addition to 
concepts, practices, 
programming

Cognitive	+	socio-
cultural/socio-

political	
03

Attend to conceptual 
learning through the 
cognitive & affective--
leveraging backgrounds, 
connections, community,…

04
Plur

ality
	of	

peda
gogie

s

No single approach works for all 
contexts, learners, topics. 
Unplugged, constructionist, programming- & 
game-based, approaches …

05

No effort to introduce CS can succeed 
without preparing teachers; co-designing; 
building on their teaching experiences

Te
ach
er	

pr
ep
ara
tio
n
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csa2z.com



Affective	skills	

/Computational	

Thinking

01
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Learnings from CS





Abstraction

Automation

Generalization

Decomposition

Debugging

Algorithmic 
Thinking

Computational 
Thinking

The practice of CS involves learning of problem-solving skills (in addition to core 
disciplinary topics comprising CS) that transcend programming languages and help 
learners engage with and apply computing in multiple subjects, domains, and situations



Computational Thinking (or 
CS Thinking) as a 

disciplinary thinking / 
problem-solving skill 

crucial for deeper learning 
of computer science

CT for CS CT for Integration
Computational 
Thinking and 
programming as a tool 
or means to innovate 
in or enrich learning in 
other disciplines Source: https://www.moillusions.com/two-face-optical-illusion/
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02 Integration	
with/into	subjects

@shuchig #ISSEP2023 shuchigrover.com © 2017-2023 Shuchi Grover, Ph.D. All rights reserved..



Synergistic Learning of 
Physics/Biology  & CT 

through computational 
model building in C2STEM

ICLS2020 Symposium: 

Integrating STEM and Computing 

in PK-12: Operationalizing 

Computational Thinking for 

STEM Learning and Assessment

(Grover et al., 2020)

Integrating CT into Science 

& Math activities for pre-K 

learners in formal/informal 

settings 

VELA: Exploratory Activities 

for Computational Concepts 

in Intro Programming

PISA 2021 Mathematics 

Framework Expert Group 

(inclusion of some CT items)

Special Issue of Journal of 
Science and Technology 

Education focused on 
integration of CT In STEM 

Disciplines
(Lee, Grover, Martin, Pillai, 

& Malyn-Smith, 2020)

Computational Thinking 
from K-12 Disciplinary 

Perspectives - 2 Workshop 
series (NSF)

CSFrontiers: Engaging 
Female High School 

Students in New Frontiers 
of Computing



Integrating CT into 
Science & Math activities 

for preK learners in 
formal/informal settings 

ICLS2020 Symposium: 

Integrating STEM and Computing 

in PK-12: Operationalizing 

Computational Thinking for 

STEM Learning and Assessment

(Grover et al., 2020)

VELA: Exploratory Activities 

for Computational Concepts 

in Intro Programming

Synergistic Learning of 

Physics & CT through 

computational model 

building in C2STEM

PISA 2021 Mathematics 

Framework Expert Group 

(inclusion of some CT items)

Special Issue of Journal of 
Science and Technology 

Education focused on 
integration of CT In STEM 

Disciplines
(Lee, Grover, Martin, Pillai, 

& Malyn-Smith, 2020)

Computational Thinking 
from K-12 Disciplinary 

Perspectives - 2 Workshop 
series (NSF)

CSFrontiers: Engaging 
Female High School 

Students in New Frontiers 
of Computing



CSFrontiers: Engaging 
High School Girls in New 
Frontiers of Computing

ICLS2020 Symposium: 

Integrating STEM and Computing 

in PK-12: Operationalizing 

Computational Thinking for 

STEM Learning and Assessment

(Grover et al., 2020)

VELA: Exploratory Activities 

for Computational Concepts 

in Intro Programming

Synergistic Learning of 

Physics & CT through 

computational model 

building in C2STEM

PISA 2021 Mathematics 

Framework Expert Group 

(inclusion of some CT items)

Integrating CT into Science 

& Math activities for pre-K 

learners in formal/informal 

settings 

Special Issue of Journal of 
Science and Technology 

Education focused on 
integration of CT In STEM 

Disciplines
(Lee, Grover, Martin, Pillai, 

& Malyn-Smith, 2020)

Computational Thinking 
from K-12 Disciplinary 

Perspectives - 2 Workshop 
series (NSF)



ICLS2020 Symposium: 

Integrating STEM and Computing 

in PK-12: Operationalizing 

Computational Thinking for 

STEM Learning and Assessment

(Grover et al., 2020)

Synergistic Learning of 

Physics & CT through 

computational model 

building in C2STEM

PISA 2021 Mathematics 

Framework Expert Group 

(inclusion of some CT items)

Integrating CT into Science 

& Math activities for pre-K 

learners in formal/informal 

settings 

Special Issue of Journal of 
Science and Technology 

Education focused on 
integration of CT In STEM 

Disciplines
(Lee, Grover, Martin, Pillai, 

& Malyn-Smith, 2020)

Computational Thinking 
from K-12 Disciplinary 

Perspectives - 2 Workshop 
series (NSF)

VELA: Exploratory 
Activities for 

Computational Concepts 
in Intro Programming

CSFrontiers: Engaging 
Female High School 

Students in New Frontiers 
of Computing



https://csa2z.com/
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CTIntegration: 
A FRAMEWORK FOR 

DESIGNING FOR 
AND ANALYZING 

THE 
INTERCONNECTED 
ELEMENTS OF CT 

INTEGRATION INTO 
OTHER DOMAINS 

DC+CT

Domain
PCK

CT/Coding
PCK

(Disciplinary)
Content & 
Practices

Pedagogy

Computing
(CT/Coding)
Concepts & 

Practices

21

3

CTIntegration
P&CK

(knowledge & pedagogy) 

TOOLS

DATA

C
on

te
xt

Grover, S. (2021). ‘CTIntegration’: A Conceptual 
Framework Guiding Design and Analysis of 
Integration of Computing and Computational 
Thinking Into School Subjects. 
https://doi.org/10.35542/osf.io/eg8n5



DATA as the linchpin for integrating 
STEM (& non-STEM) and Computing

- Data from (or relevant to) the 
domain and communities

- Answer questions from the 
domain

- Critically examine social & 
scientific phenomena

- Evidence-based reasoning
- Recognizing patterns
- Make predictions
- Support argumentation

- Data practices 
- Data representations & 

abstractions
- Data analysis tools (spreadsheets, 

databases, …)

DC+CT

Domain
PCK

CT/Coding
PCK

(Disciplinary)
Content & 
Practices

Pedagogy

Computing
(CT/Coding)
Concepts & 

Practices

21

3

CTIntegration
P&CK

(knowledge & pedagogy) 

TOOLS

DATA

C
on

te
xt

(Grover, 2021)



02

Cognitive	+	socio-
cultural/socio-political	03

Attend to conceptual 
learning through cognitive 
& non-cognitive--
leveraging backgrounds, 
connections, community,…
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CONTEXT CULTURE

CONVERSATION CONNECTION

Attending to the 
SOCIOCULTURAL 

& 
SOCIOPOLITICAL 

For
EQUITY
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Promote “computational discourse” 
and discussions around computing 
concepts
Encourage conversations about 
contexts, cultures, connections as they 
relate to computing (even if it involves 
confronting uncomfortable truths).

Contextualize CS/programming 
examples and activities in students’ 
lives and communities 
(e.g., creating the best transportation 
route for afterschool activities in their 
community as a way of learning about 
efficient algorithms).

Make programming accessible by 
connecting learning to students’ 
interests, social identities, 
perspectives, & everyday lives 
(e.g., inviting a student who skateboards to 
help introduce a culturally situated design 
tool about the culture & math of 
skateboarding)

Draw from students’ cultural assets 
and knowledge to use as building 
blocks for examining programming 
topics 
(e.g., using popular music to discuss 
programming paradigms such as loops and 
linked lists, or using family recipes to 
discuss how the same algorithm can be 
represented in different ways)
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Through attention to context, 
culture and connections, we 

demonstrate what matters when 
you teach computing (or AI, or 

whatever the next new tech is)…
It’s always the humans in the 

equation that matter above all else.
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04
Plur

ality
	of	

peda
gogie

s

No single approach works for all 
contexts, learners, topics. 
Unplugged, constructionist, programming- & 
game-based, approaches …
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05

Te
ach
er	

pr
ep
ara
tio
n
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Nothing can be accomplished 
without adequately preparing 
teachers and addressing their needs 

Teachers as key stakeholders

The benefits of co-designing 
curriculum extend to teacher 
preparation

Co-design

Knowing the what of teaching CS is 
incomplete without knowing the 
how; build on pre-existing peda. & 
content expertise of teachers.

Sustaining CoPs is hard but very 
worthwhile, for sharing experiences 
and resources 

Teacher Communities & Resources

CS Education for K-12 students = CS Education for Teachers 

Build Teachers’ PCK & Build on 
on Teacher Prior Expertise
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Curriculum

AssessmentPedagogy

PedagogyCurriculum Assessment
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Frontiers of 
Computing

Distributed 
Computing

Challenges, open 
issues, &  
recommendations
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Challenges & Tensions 

Rapidly Changing Landscape 

How Deep Can/Should We Go? (What 
will “AI for All” mean?)

A Crowded Curriculum & AI’s curricular 
relationship to CS and other core subjects

Building Teacher Capacity

Misperceptions About AI in the Broader 
Discourse

Lack of clarity around terminology & 
learning goals
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Need for a robust evidence base



AI Literacy
The knowledge, skills, and 
attitudes associated with 
how artificial intelligence 
works, including its 
principles, concepts, and 
limitations, as well as how 
to use artificial 
intelligence, such as its 
applications, implications, 
and ethical considerations.

How to Use + How it Works

AI Literacy + Computer Science

With AI Literacy, I CAN:
● Personalize my learning
● Assess safety and 

privacy with apps and 
data sharing

● Properly cite AI usage 
when writing or 
creating

● Prepare for the future of 
work

● Act as an informed 
citizen

With AI/CS integration, I CAN:
● Collect data responsibly
● Break down complex 

problems
● Analyze data critically
● Identify patterns and 

trends
● Evaluate the effectiveness 

of solutions
● Ethically evaluate AI 

systems to minimize bias



K-12 AI Ed Progression

AI 
Literacy 
for all 

AI 
Integration 
into core 
subjects

AI + CS 
(& data 
science) 
for all

AI + CS 
(advanced 
elective?)
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• Multi- & inter-disciplinary 
projects that integrate CS & AI, 
or CS, AI, & Data Science 

• Easily situated in contexts 
drawn from domains/subjects 
e.g. science, math, health, 
earth/climate science, politics, 
sports, entertainment, culture, 
digital literacy/cybersecurity,...

• Examination of ethics/biases 
intertwined throughout

is 
the only answer!



CS Education

AI Education
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