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Motivation for this Presentation

« [ found a 2006 report from Microsoft Research on trends in CS enrollment

Figure 1. Computer Science Listed as Probable Major Among Incoming Freshmen
Source: HERI at UCLA
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See www.cs.wm.edu/~dcschmidt/PDF/TheFutureofinformationTechnology.pdf



http://www.cs.wm.edu/~dcschmidt/PDF/TheFutureofInformationTechnology.pdf

Motivation for this Presentation

I was curious if I could extend this visualization over the past ~50 years

% of Incoming Freshmen
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Freshmen Students' Intended Major in Computer Science, 1971-2025
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The $1.4 million dollar
question is "will this

/ trend continue”?

This graph shows a simple
example of "no-code”
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See chatg

ot.com/share/6803e8fa-14e8-800d-94b5-18772a468eda



https://chatgpt.com/share/6803e8fa-14e8-800d-94b5-18772a468eda

Motivation for this Presentation
« I also visualized these trends for Data Science over the past 10 years

Incoming Freshmen Interest in Data Science by Gender (2015-2025)
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This graph also shows an
example of "no-code”
dl computational thinking!

% of Freshmen Intending Data Science Major

Entering Year (Fall)

See chatgpt.com/share/68062a5d-2d5¢c-800d-bef9-122ee5clacc8



https://chatgpt.com/share/68062a5d-2d5c-800d-bef9-122ee5c1acc8

Quick Introduction to OpenAl’s Deep Research

« Deep Research is an Al-powered
agent that autonomously conducts
multi-step research by browsing
& analyzing online sources to
generate detailed, citation-backed
reports on complex topics

Message ChatGPT

@ Attach

@ Search

Its like having a team of talented
post-docs to carry out your bidding!

Q} Deep research

A

See openai.com/index/introducing-deep-research



https://openai.com/index/introducing-deep-research

Overview of Computational Thinking

COMPUTATIONAL THINKING

- Many disciplines can benefit from
applying computational thinking

Computational thinking isn’t about coding
per se—it’s a means of turning complex
problems into clear, step-by-step solutions
that humans or machines can execute

ABSTRACTION

See en.wiki

pedia.org/wiki/Com

putational_thinking |



https://en.wikipedia.org/wiki/Computational_thinking

Challenges with Computational Thinking Heretofore

- Computational thinking historically required programming language fluency
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http://www.watelectronics.com/types-of-programming-languages-with-differences

Challenges with Computational Thinking Heretofore

- However, programming language fluency
requires wrestling with complexities that

distract from the domain to which they
are applied

Programmer

e.g., syntax & semantics, memory
management, concurrency control,
fence-post errors, buffer overflows, etc.

See dev.to/marek/why-programming-languages-are-hard-19ch



https://dev.to/marek/why-programming-languages-are-hard-19ch

Analogy: Evolution of Automobile Technology
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Analogy: Evolution of Automobile Technology

~/0 years ago If you

wanted to drive a car

you had to know how
to maintain a car

_ MAINTAIN IT TO DRIVE IT

10




Analogy: Evolution of Automobile Technology

Today If you want to drive a
car you only must know how
to put gas in it or plug it in

“FUEL 1770 DRIVE IT

11



Analogy: Evolution of Automobile Technology

Soon you won't
even have to know
how to drive a car!




Evolution of Computational Thinking

/0 years ago, if you wanted
to use a computer, you had
to know how to build
programs from scratch

Build it with punch cards

13



Evolution of Computational Thinking

40 years ago, Iif you wanted to
write software, you had to
know how to code in a 37-

generation language & debug

low-level [ssues manually

<
>
/

Codeitby hand

14



Evolution of Computational Thinking

Today, If you want to develop
software, you mostly need to
install the right libraries, use
frameworks, & plug into APIs




Evolution of Computational Thinking

Soon, you won't even need to e S
write much code—youll just (@ Describeitin
na
describe what you want in | tural language
natural language, & Al will
generate & aaapt the solution

Sure! I'll generate that. E__T__')

def
add(a, b):
return a7

See windsurf.com/editor & www.cnbc.com/2025/04/16/openai-
in-talks-to-pay-about-3-billion-to-acquire-startup-windsurf.html



https://windsurf.com/editor
https://www.cnbc.com/2025/04/16/openai-in-talks-to-pay-about-3-billion-to-acquire-startup-windsurf.html
https://www.cnbc.com/2025/04/16/openai-in-talks-to-pay-about-3-billion-to-acquire-startup-windsurf.html

Commoaditization of Computational Thinking

- Now anyone can apply computational |
Prompt Engineer

thinking by becoming proficient with
prompt engineering

Involves structured interactions with
LLMs to solve complex problems via
natural language & prompt patterns

See en.wikipedia.org/wiki/Prompt_engineering &
www.cs.wm.edu/~dcschmidt/PDF/prompt-patterns. pdf



https://en.wikipedia.org/wiki/Prompt_engineering
https://www.cs.wm.edu/~dcschmidt/PDF/prompt-patterns.pdf

Commoaditization of Computational Thinking

- Prompt engineering lowers entry barriers to apply computational thinking
in creative & technical fields e

.....

See coffeeaffection.com/most-expensive-starbucks-drink



https://coffeeaffection.com/most-expensive-starbucks-drink

Commoaoditization of Computational Thinking

« We're entering a phase where it's
possible to conduct computational
thinking without being proficient in
traditional programming languages

Often more appropriate for
non-computing professionals
that traditional programming

See youtu.be/OMvuRtZNmMO8 for a demo of computational thinking with early ChatGPT



https://youtu.be/OMvuRtZNm08

Commoaditization of Computational Thinking

» We're entering a phase where it's
possible to conduct computational
thinking without being proficient in tisesier bigheslolonesbouPofaistal 8 toples Tnamberedll

g o= = 2, 3,4, 5). Please generate output that allocates all 35 faculty
tra d |t|0 na I p rog ra m m I n g I a n g U ag eS members to all 5 topics, balancing them evenly (7 faculty per topic)
taking their ordered preferences into account. Also, please give
preference to faculty in the order they appear in the list below, which
has the following example format:

@& Advanced Data Analysis

Doug Schmidt [3,5,1]

which means Doug Schmidt's top preference is 3, followed by 5,
followed by 1.

/ Here is the list of faculty and their preferences in the format described
above:

See youtu.be/OMvuREZNmMOS GatamBiER Rl © Regenerate
for a demo of computational -
thinking with early ChatGPT

@ Send amessage

ChatGPT may produce inaccurate information about people, places, or facts. ChatGPT August 3 Version

To generate more accurate information based on recent facts, use LINER. LINER Search

See chatgpt.com/c/e8618440-15db-43d7-ab61-4916725f2494 for the chat session



https://chatgpt.com/c/e8618440-15db-43d7-ab61-4916725f2494
https://youtu.be/OMvuRtZNm08

Natural Language as the New “Programming” Model

» LLMs embedded in IDEs
can now translate natural
Ianguage |nt0 COde > Explain Refactor Add Docstring

* e.g., Python, Java SQL, | \
HTML, even LaTeX, etc.

library_demo — InMemory

‘estContext.java InMemoryEventsStorage.java X [ v [

DomainEvent;;
EventsStorage;

See analyticsindiamag.com/ai-news-updates/cursor-github-copilot-
rival-codeium-launches-windsurf-first-agentic-ide-for-coding



https://analyticsindiamag.com/ai-news-updates/cursor-github-copilot-rival-codeium-launches-windsurf-first-agentic-ide-for-coding
https://analyticsindiamag.com/ai-news-updates/cursor-github-copilot-rival-codeium-launches-windsurf-first-agentic-ide-for-coding

Natural Language as the New “Programming” Model

» Tools like ChatGPT, Claude, Copilot, & o
Code Interpreter allow computational
thinkers to:

« Analyze data
» Generate simulations
» Write scripts
» Build interactive tools

Al bridges the gap between
idea & implementation

22



Computational Thinking Use Cases Across Disciplines
« CS Faculty: Mapping professors to

discussion topic groups / /
//

 Humanities: Generate stylometric

analysis of Shakespeare’s plays o HUMANITIES
- Biology: Perform k-means clustering ; H /
on protein data . Ill
_ _ _ =5 COMPUTATIONAL
« Economics: Simulate supply chain THINKING  SOCIOLOGY
disruptions in Python - —
» Sociology: Summarize massive | 0: L
datasets into trends & narratives |
BIOLOGY  ECONOMICS J

All these use cases can be realized robustly without writing a single line of traditional code




Computational Thinking Use Cases Across Disciplines
« CS FaCUIty: Mapplng prOfeSSOrS to Greedy Allocation Backtracking Allocation

discussion topic groups

1

Here's input for 35 faculty members and their top 3 topic 2

preferences ordered from highest to lowest out of a total of 5 topics
(numbered 1, 2, 3, 4, 5). Please generate output that allocates all 35
faculty members to all 5 topics, balancing them evenly (7 faculty per

3

topic) taking their ordered preferences into account. Also, please

give preference to faculty in the order they appear in the list below,

which has the following example format:

Doug Schmidt [3,5,1]

5 5

@ROEYEOOE®O
DOOEYEOOERO

which means Doug Schmidt's top preference is 3, followed by 5,

followed by 1. ! S

1st29 || 2nd:3 | | | 1st:28 || 2nd:4 |

Here is the list of faculty and their preferences in the format
described above:

' 3rd:2 | [Fallback:1] | 3rd:3 | [Fallback 0

See chatgpt.com/share/68044851-1734-800d-a03b-3d54e529f216
to see computational thinking with recent ChatGPT



https://chatgpt.com/share/68044851-1734-800d-a03b-3d54e529f216

Computational Thinking Use Cases Across Disciplines

 Humanities: Generate stylometric |
analysis of "Shakespeare’s" plays

Clean Text Feature Map

Cluster Tree

Scatter Cloud

Heatmap Strip

See en.wikipedia.org/wiki/Stylometry



https://en.wikipedia.org/wiki/Stylometry

Computational Thinking Use Cases Across Disciplines

 Humanities: Generate stylometric |
analysis of "Shakespeare’s" plays

 Useful to determine authorship..

Cluster Tree



https://en.wikipedia.org/wiki/Shakespeare_authorship_question

Computational Thinking Use Cases Across Disciplines

 Biology: Perform k-means
clustering on protein data

« Identify functional groupings,
anomalies, or targets for drug
discovery

See www.biorxiv.org/content/10.1101/2023.06.14.544984v2.full.pdf



http://www.biorxiv.org/content/10.1101/2023.06.14.544984v2.full.pdf

Computational Thinking Use Cases Across Disciplines

« Economics: Simulate supply chain
disruptions

» Generate Python simulation from
prompts

>>> import simpy

>>> env = simpy.Environment()

>>> run_sim(env)

28



Computational Thinking Use Cases Across Disciplines
» Sociology: Summarize massive

(& messy) datasets \
» Raw data is processed by GenAl to M \ // s(.ﬂ

. . Raw :
identify patterns, extract themes & Social Datg "ng'g{fd
construct narratives Tonveys, ' Narratives
. . Demoglg[?hics — Py
» A sociologist analyzes AI-generated TN ?
|n5|g_h_ts, a_lddlng don_1a|n knowledge N G
& critical interpretation urban = Al

migration Lafgﬁﬂ Language

SOocig| |dent|t odel
e TRy -
9€nerationg| d_Values \/
protest __“YISCourse

ublic Narratives Sociologist
p OpInion oniine |nterprgt§t |
Insights

29



Three Layers of Computational Thinking Being Commoditized

1. Problem abstraction — AI helps translate
vague problems into structured prompts

3. Tool implementation —
Al generates actual
code or analysis

e

2. Automation design —
Al scaffolds algorithms
In natural language

Knowledge work is becoming computational at scale




Rethinking the Computer Science Curricula
 Should everyone still learn to code? e

 Probably—but not for the same
reasons or in the same way

Prompt Engineer




Rethinking the Computer Science (or Data Science) Curricula

 Focus should shift to teaching
students to collaborate with
Al

SO ———————
| CO——]
Designing good Interpreting
prompts Al-generated

solutions

Verifying outputs

& building on them Teaching computational

thinking as a literacy,
not just a technical skill

32



Rethinking the Computer Science (or Data Science) Curricula

 Focus should shift to teaching
students to collaborate with
Al, e.q.

e Teach them how to craft
thoughtful prompts

SO ———————
[ CT———
Designing good Interpreting
prompts Al-generated

solutions

Verifying outputs

& building on them Teaching computational

thinking as a literacy,
not just a technical skill

33



Rethinking the Computer Science (or Data Science) Curricula

 Focus should shift to teaching
students to collaborate with
Al, e.q.

» Critically interpret & verify
Al-generated outputs, &

Designing good Interpreting
prompts Al-generated

solutions

Verifying outputs

& building on them Teaching computational

thinking as a literacy,
not just a technical skill

34



Rethinking the Computer Science (or Data Science) Curricula
 Focus should shift to teaching

students to collaborate with ——— 3
Al, e.g. g A W)
Designing good Interpreting
prompts Al-generated

solutions

» Apply computational thinking
as a foundational literacy

Verifying outputs

& building on them Teaching computational

thinking as a literacy,
not just a technical skill

35



Commoditized # Cheapened

« Oversimplification risks

Factual
Inaccuracy Nonsense

* e.g., Al may hallucinate logic if
nOt used properly LLMs can craft content that may While the content may be

seem plausible but might be full grammatically correct, it may
of scientific inaccuracy or contain nonsensical text and
) misinformation. This type of illogical ideas. It can also
4 7, & hallucination can inadvertently generate content without coherence

misinform readers, highlighting and meaning, missing out on the

the need for vigilance. balance of creativity and rationality.

Source

Conflation Overindulgence

While LLMs are asked to create
engaging content, they may
occasionally disclose confidential
or sensitive information. This
hallucination occurs due to
insufficient safety protocols for
data privacy.

It occurs when LLM summarizes
data from various sources and ends
up providing a distorted version of
the truth in the result. It usually
happens when LLMs are asked to
summarize recent news.

See en.wikipedia.org/wiki/Hallucination (artificial intelligence)



https://en.wikipedia.org/wiki/Hallucination_(artificial_intelligence)

Commoditized # Cheapened

* Need for meta-cognitive skills

 Know when to trust & when
to intervene so that Al doesn’t
outweigh human oversight

Computational thinking is easier to access, but still requires critical thinking & rigor




Commoditized # Cheapened
* Need for meta-cognitive skills

« Computational thinking is easier
to access, but critical thinking &
rigor are still required to avoid
“brain-rot”



https://www.digitalinformationworld.com/2024/12/oxford-names-brain-rot-as-2024s-word-of.html

Commoditized # Cheapened

 Ethical issues

VOL. 2023

* e.g., authorship, bias, misuse, etc. CURRENT AL COPYRIGHT CASES: PART 1

THE UNAUTHORIZED USE OF COPYRIGHTED MATERIAL AS TRAINING DATA
Uy U

AI copyright lawsuit:
What does it mean for the
future of generative AI?

See crsreports.congress.gov/product/pdf/LSB/LSB10922



https://crsreports.congress.gov/product/pdf/LSB/LSB10922

Computational Thinking is Becoming a Platform

* Tools are evolving rapidly
to support computational
thinking usable by many

» Just like spreadsheets,
search, & databases

< c 25 chatgpt.com

s M Gmail @ @ G-Index [J] Edit Quiz - CS 589...

Q @ ChatGPT 40 v

@
ChatGPT
8 ®
® Operator GPT-40
Great for most questions
’ Sora
DOT&E Strategy Coach GPT-40 with scheduled tasks seta
Ask ChatGPT to follow up later
38 Explore GPTs
- GPT-4.5 RESEARCH PREVIEW
’?3 Library 514 Good for writing and exploring ideas
. 03
Projects Uses advanced reasoning
£3 New project
o4-mini
Fastest at advanced reasoning
Today
o4-mini-high
Data Science Major Trends Great at coding and visual reasoning
CS Major Data Inquiry with Dec¢ More friodels N

Yesterday

Voice Cloning with GPT

Previous 7 Days

Flowchart Arrow Adjustment
Supply Chain Disruption Visual
Faculty Allocation Solution

Al Protein Clustering Visualizat
Faculty Topic Allocation
Chainsaw Oil Temperature Guic
Al Certification Pathway Propo
Al Major Design Proposal

Doug's Profile Summary

Ask anything

- @ Search

What's on your mind today?

4P Deep research e

v Canvas
Collaborate on writing and code

()
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Computational Thinking is Becoming a Platform

* The new "computing literacy" is not coding per se

Freshmen Students' Intended Major by Gender: Computer Science vs. Data Science

—o— (S Men

—e— CS Women

—e— CS Total (Average)
-m- DS Men

i DS Women

-m- DS Total (Average)

% of Incoming Freshmen

1970 1980 1990 2000 2010 2020
Year (Fall entry)

It's the ability to translate human questions into
computable form that supports computational thinking



Computational Thinking is Becoming a Platform

» The future belongs to those who can
ask the right questions & use Al to
model them computationally

1. Problem abstraction

Al helps translate Generate
vague problems  anapp
into structured » that entertains 2

prompts r‘ -y kids

2. Automation design

Al scaffolds
algorithms in
natural language

3. Tool implementation

Al generates actual
code for the app

42



What We Can Do to Prepare Our Students (& Ourselves) for Al

« Embrace natural language programming in certain assignments

" Build a REST API |
foratodo list

| Explain this
Generate recursive function
a function
to parse
CSV into
il | objects

" Add logging to
this method

43



What We Can Do to Prepare Our Students (& Ourselves) for Al
« Embrace natural language programming in certain assignments

* €.g., train students to use the & Cerebro
latest/greatest Al-enabled IDEs

GitHub
Copliot

timpact t ti3);
.
o COd'ga \ Uxponre pm [y 1
.! alal)

@ tabnine [

Gemini
n Tabinde

Ccodiuma

S

Claude

mol

See www.aifalabs.com/blog/best-ai-coding-tools



http://www.aifalabs.com/blog/best-ai-coding-tools

What We Can Do to Prepare Our Students (& Ourselves) (o] gAY

« Encourage students across schools & majors

to think algorithmically

* e.g., make it easier to major or
minor in CS

Programs )\ Research

Real-World
Challenges with High |
' Faculty/Student Engagement

1 Techr.Iolog.y e Mentorship -
“Innovation witha N
. b that
Personalized « =,

4 “@) Sharpens /
. Approach \‘ Minds /Z

Arts,

STE.M & T” - i | Humanities,
ransformationa
Business 2isocial

\ Discoveries &

Sciences 4




What We Can Do to Prepare Our Students (& Ourselves) for Al

Software
Maintenance

« Teach students how to collaborate
with AI, not compete with it [

 This can be explored both
holistically & individually

] ;

* Automatic code clearing
» Self-adaptive routines

Testing &
Integration

* Automated test routines

* Probabilistic error
prediciton

* Automated code
integration

* Autoencoding
* Automatic debugging
* Improved team

Software Design

in Code

Implementation ‘

sy

* Free creative
resources

_@al

Software Project
Planning

Big data based
analysis

* Predict problems & risks

* by expert systems
Problem
Analysis

e Structured access to desi
patterns

* Free creative potential
of human developer

Intelligence
in Software
Engineering

collaboration

46



What We Can Do to Prepare Our Students (& Ourselves) {o] @AY

 Prepare for the near future where
programmers are outnumbered
by “computational thinkers”

ENGINEERING

| CHAIN-OFTHOUGHT

FEW-SHOT

TEST-REFINE LOOP

Write code to |
analyze data

~inPython




What We Can Do to Prepare Our Students (& Ourselves) {o] @AY

Prepare for the near future where
programmers are outnumbered
oy “computational thinkers”

Requirements

ct
| Management

» Requires new approaches to prompt
engineering, technical debt, etc.

Holistic
Prompt
Engineering

Engineering '
Models & Methods

Construction

Engineering
Process

Engineering Maintenance

See devops.com/will-the-rise-of-generative-ai-increase-technical-debt



https://devops.com/will-the-rise-of-generative-ai-increase-technical-debt

Remember the Lesson of King Canute!

)
o’ \


https://en.wikipedia.org/wiki/King_Canute_and_the_tide

End of the Coming
Commaoditization of
Computational Thinking
& Its Impact on
Computer & Data Science

50
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