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The other way
Computer Science
Is changing Education
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Algorithmic Education

Integrating Algorithmic Thinking into Education

CUHK/CSAIL Workshop
25 March 2015
Hong Kong

Steve Ward

First, learn the Basics:

+ Learned simultaneously

- Reinforce each other

Language, Math, Cultural,
Science skills each
contribute vocabulary,
subject matter to others

ngg;y Rich interconnections

CSAIL

Traditional Education

— >

\

Computer
Science

Then Specialize!

Like language/math/...,
algorithms provide

New conceptual models for other
basic skills

New vocabulary for questions,
answers

New tools for every domain
CSAIL

Massive online deployment
+ MOOCS are a parallel revolution ...

&onn

S

Pushing coding skills

+ Coding.org, CodeDay.org,
+ Getting coding skills into secondary
education!

fallsi]

CSAIL

e U

UDACITY

Use of computer tools

Languages, Simulation
environments, Visualizations,
Playpens, web resources ---

20,664,777
% “have learned an
HOUR of CODE




... it’s a new model for understanding!

Algorithmic insights/skills I can PROGRAM it!

Interaction I can teachit!

I can predict its
behavior!

Language,

| can answer
questions about it!

I can explain it!

| can describe it!

CSAIL

“Computational Thinking”

+ Scattered early interest ...
Seymour Papert (constructionism, LOGO):
+ 1997 “Computational Thinking” citation

- Related mentions earlier, e.g. 19860:
“The factor that will influence the development
of children is the diffusion into their culture of

computational concepts.”
http://www.papert.org/articles/RedefiningChildhood.html

2006: Jeannette Wing CACM article

1 |]eanneue M. Wing

Computational Thinking

It represents a universally applic titude and skl set everyone, not just

computer sclentists, would

urther

http://www.cs.cmu.edu-afs-cs-usr-wing-www-publications-Wing06.pdf

fallsi] :> EXPLOSION in mterest/actlwtws/prqects'
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OMPULER SCIENCE

An enrichment and extension

firicon 4 sy “Computational Thinking” Explosion

ﬁ o
tat|0na| The Endowment for the Study of Computational Thinking
g Toolkit Russ Abbott
The computer has c

I
T m n »RFFI.
to be understood. |

ISTE's Computational Thinking Toolkit is a complete
collection of all oi our CT resources. From presentations and ole & "
, you'll find LUEEUY Computer Science For Fun

h uoum survey;

A magazine where the digital What is Computational Thinking?
world meets the real world.

COMPUTATIONAL
THINKING

CT Presentation Tutorial

Exploring Computational Thinking

Garoym Sykora, Senir Proect Manager, STE

Home What is CT?

Whatis CT? Computational thinking (CT) involves a set of COmputaﬁOnal Thlnklng

Getting Started with CT _ Problem-solving skills and techniques that software Computer Science 6604
engineers use to write programs that underle the

computer applications you use such as search, emal, Fall, 2013
tat
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Thinking in K-12: A Review of the State

CarnegieM ;’“F i -
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Invasion of Computational Thinking

ROLESIA:

n
Economics T | )
+ Simulation. Game theory. !. ) —
+ Pricing models. Programmed
trading. Flash crash. Bitcoin. Sample U e

€ = SN(d,) — N(d,)Ke™"* 0 mRNA: CCUAGGAGUGUA

BIOIogy Protein: Pro-Arg-S
e—11

+ Genome as code; interpretation.

* Natural selection; evolution

: + Models of intelligence
Arts
- Abstraction: Science of Art

* Profiling models: programming
“taste”’?

AND ON
., Epagogix

experience » knowledge + prediction




Great Thinkers using CT...

Maxwell’s correction to Ampere’s Law:
Reverse-engineering the universe!
+ Changing magnetic field => electric field;
+ Why not the other way around?

James C. Maxwell’'s + Cycle: Changing E => changing B => changing E => ...

Code Review * Self-perpetuating “electromagnetic wave?

+ Propagates at ... speed of light?2? Eureka!

// exact speed of light,
// m/sec:
const C=299792458;

Einstein’s insights ...
* How can C be a constant?

* depend on frame of reference?

* No! Would require frame-dependent code!

* Does God play dice with the universe?
* Translation:

+ Does Universe run on randomized
{QEH;L algorithm?
CSAIL

...and great thinkers needing CT

Mind-Body Problem ...

+ Philosophers have wrestled for millennia with
relation between physical & mental phenomena
... Plato, Descartes, Kant, ...

+ Mind - Body dualism?
Missing: Information. Algorithm. Interpretation. State.

Cartesian
Dualism

Rene Descartes

... but to us computer geeks
* Computers provide rich models:
+ Hardware vs Software
+ Information stored as transient state

* Processes, state, identity, ... have crisp
meanings

* Sowhat's the problem??2?

gz No longer an “Interesting Problem”?22?2

CT in University Education
198605 Adler/Sussman EE via CS i

I
THT il

= <5

+ Many use simulators to teach EE ...
* Code as a hardware replacement

- Added wrinkle: Teach students how to

build the simulator!

RAK s

Clmagr

L0SmH (008K

Class Resistor (LTIDevice):

* Codeas aconceptualmodel
def _ init_ (*args, **kwargs):
* Ifyou can build SPICE, you really super (Resistor, self)._ in

understand electronics!

Princeton COS 126

gl

* Programming, via STEM examples
Digital “wet lab” replacements:

* N-body simulation

* Fractal art

+ Simulation of guitar string

* Random text using Markov model

Microsoft saud Tuesday the company would comply with a preliminary ruling
by Federal District Court Judge Ronald H. W
able tMicrosoft said Tuesday the court will fi
Intern

"We will continue to listen to our custo
We rtaking advantage of Windows features
Compatibility Logo on its packaging an:

Fallpls]
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+ Estimating Avogadro’s number,
from image data
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Programming “\A(S __,F—J ——
+ Kids languages, eg Scratch QN-_"‘; = 2 E M "/
—— s ty
+ Game design environments N " turn (% €D degrees AgentCubes

* “Hourof code”, etc (A=

OMPUZER SCIENCE, o, RN N S

An enrichment and extension
programme for primary-aged children

el 2

“Tim B, lan H. Witten afd

CT Models & resources

* Computer Science Unplugged: CT
without computers!

* Resources for K-12 teachers

WRL gy

Games
* Build intuition, CT skills ¢ b
* Creative playpen!

CSAIL




Cosmic View That fuzzy boundary ...
We've all seen simulation games...
* “sims": primitive models of humans

... between Profound & Crazy:

+ Simulated hunger, love, lust, anger
+ Simple, but evolved only for a few decades

+ Imagine more highly evolved sims ...

! ) Time

+ Sims reverse engineer the game code? Accounting Tiravel

» Speculate about their own implementation? Quantum Space

* Hack their programmed universe? Physics Aliens
+  Reflection threshold: awareness of own code i ( ) —

Boring > Insane
q s Profound Craz,
He thinks we're o

all 5SIMS?222

» uptime
This universe has been running for 13.7B years.

\_Y_}

Infinite hierarchy of universes? oot Intere.Stmg ideas
Are near this boundary

* BigBang:time oflast reboot? . . .
Creative Thinking:
God: sysop in some higher universe?

exploring both sides of this boundary!
* 15-year-old kid playing video game?

« Prayers as bug reports, feature i Algorithms — Computational Thinking -
Tl _Egi%i—ll. Essentialtaolfardaing/51‘7{‘ e
So, what dowe do??? Computation in Education

+ Nothing.
+ Computational Thinking is taking over anyway.

* Theleading Edge: Willour kids miss the boat? GO A /gle

; : Learnin
+ College courses using CS for xyz Too Late??? Teaching 9
+ Spread the application of == i At |
C'om'pu’ter Thinking to other G AR NS ~ s
disciplines. .. — - =
- WIKIPEDIA
* Teach CT tonext Teachers! Payoffl ‘
* Generational Time Constant e
.\ @ 1"0011101011@:11
- Re-educate current HS teachers =¥ s

- Circumvent GTC ... w

* Willthey allgo to Google?

* Develop tools, languages, ideas  — A i< 4
* ‘Fuelthe fire’! Thlnklng

— 5
. 9
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