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Computer Science in K-12 Education: 
The Big Picture

Peter

…

�Everyday life is increasingly 
regulated by complex 
technologies that most people 
neither understand nor 
believe they can do much to 
influence.”

Albert Bandura, 2001

Graphics

K-12 curriculum

Artificial 

intelligence
Computer Security

OO 

programmingC, Python, 

JavaScript, XML

Algorithms

Binary
Coding

Computational thinking Computational thinking

�Computational thinking 
is … 
thinking like a 
Computer Scientist”

Jeanette Wing (2006)

Seymour Papert
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Searching Computer programming…
§ making software...

Computer science
Making software that is…

fast

efficient

reliable

secure

usable

scalable

intelligent

…

Route planning

http://www.telogis.com/resources/expecting-unexpected-effective-fleet-decisions

Computational thinking
Problem solving 

where the solution 
is a computational 
process

Denning: Trouble spots with CT
�The Traditional CT and the New CT are not 
the same… in Traditional CT programming 
ability produces CT, and in New CT learning 
certain 
concepts produces programming ability. ”
Peter Denning, C.ACM, (2017)
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“The greatest tragedy I 
know of is that so many 
young people never 
discover what they 
really want to do.”

Edna Kerr
(quoted by Dale Carnegie)

Easy to learn?

120,000 Scratch projects
11,809 users

Teach Yourself Programming in Ten Years
Peter Norvig

Why is everyone in such a rush?
Walk into any bookstore, and you'll see how to Teach Yourself

Java in 24 Hours alongside endless variations offering to teach
C, SQL, Ruby, Algorithms, and so on in a few days or hours.
The Amazon advanced search for [title: teach, yourself, hours,
since: 2000 and found 512 such books. Of the top ten, nine are
programming books (the other is about bookkeeping). Similar
results come from replacing "teach yourself" with "learn" or
"hours" with "days."

The conclusion is that either people are in a big rush to learn
about programming, or that programming is somehow
fabulously easier to learn than anything else. Felleisen et al.

give a nod to this trend in their book How to Design Programs,
when they say "Bad programming is easy. Idiots can learn it in
21 days, even if they are dummies." The Abtruse Goose comic
also had their take.

Let's analyze what a title like Teach Yourself C++ in 24 Hours

could mean:

Teach Yourself: In 24 hours you won't have time to
write several significant programs, and learn from your
successes and failures with them. You won't have time to
work with an experienced programmer and understand
what it is like to live in a C++ environment. In short, you
won't have time to learn much. So the book can only be
talking about a superficial familiarity, not a deep
understanding. As Alexander Pope said, a little learning is
a dangerous thing.

C++: In 24 hours you might be able to learn some of the
syntax of C++ (if you already know another language),
but you couldn't learn much about how to use the
language. In short, if you were, say, a Basic programmer,
you could learn to write programs in the style of Basic
using C++ syntax, but you couldn't learn what C++ is
actually good (and bad) for. So what's the point? Alan
Perlis once said: "A language that doesn't affect the way
you think about programming, is not worth knowing".
One possible point is that you have to learn a tiny bit of
C++ (or more likely, something like JavaScript or
Processing) because you need to interface with an
existing tool to accomplish a specific task. But then
you're not learning how to program; you're learning to
accomplish that task.

Translations
Thanks to the
following authors,
translations of this
page are available in:

Arabic
(Mohamed A. Yahya) 

Bulgarian
(Boyko Bantchev)

Chinese 
(Xiaogang Guo) 

Croatian 
(Tvrtko Bedekovic) 

Esperanto 
(Federico Gobbo) 

French 
(Etienne Beauchesne) 

German 
(Stefan Ram) 

Learn programming in 20 days…

http://abstrusegoose.com/249

What is computation?

http://www.turingarchive.org/viewer/?id=521&title=4, Public 
Domain, 

https://commons.wikimedia.org/w/index.php?curid=22828488

https://commons.wikimedia.org/wiki/File:Bombe-

rebuild.jpg
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Turing complete

,  ,

/

[…] laboratory experiments have 
reported defective spreadsheet rates 
between 35 and 90 percent. The 
analysis of operational spreadsheets 
reveals defect rates between 21 and 
26 percent; the lower rates probably 
stem from corrections already made 
during operation. Boehm, B., & Basili, V. R. (2005). Software defect 

reduction top 10 list. Foundations of empirical software 
engineering: the legacy of Victor R. Basili, 426(37), 426-
431.

Turing complete spreadsheet?

/ (

)
/ )

Digital Technologiesdigital device

data

algorithm

progra
m

application
human

devices and infrastructure

Digital technology Arnold

http://csfieldguide.org.nz/en/interactives/pixel-
viewer/index.html?&no-pixel-fill&image=arnold.jpg



Tim Bell

5

“Coding” Elements of programming
§ Analysis

§ Design

§ Coding

§ Testing

§ Debugging

Communication

Creativity

Skill

Rigour

Persistence

Computer programs are written for…

Many skills of a professional 
programmer are related to social
context rather than the technical
one.
Blackwell, A. (2002). What is programming? In 14th workshop of the Psychology of 
Programming Interest Group (pp. 204-218).

the next programmer �We don’t write programs for 
computers….

we write programs for 
people.
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Invariant Delay analyser

http://csfieldguide.org.nz/en/
interactives/delay-analyser/

Delays Example: Formal languages

Treasure island Languages (Regular expressions)
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Interface design

A

Interface design

A

Syntax (rules/structure of a language)

<h1> Attention <h/1>

Example: Error detection and correction

Error correction
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Mind reading with CS…
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Bar code magic

Before we “code”…
§  

§ /  
/

"Self checkout using NCR Fastlane machines" by pin add - Self CheckoutUploaded by 
SchuminWeb. Licensed under CC BY 2.0 via Commons -

https://commons.wikimedia.org/wiki/File:Self_checkout_using_NCR_Fastlane_machines.jpg#/m

edia/File:Self_checkout_using_NCR_Fastlane_machines.jpg

Plugging it in

Plugging it in Check sums



Tim Bell

10

“The greatest tragedy I 
know of is that so many 
young people never 
discover what they really 
want to do.”

Edna Kerr
(quoted by Dale Carnegie, 1948)

He aha te mea nui ki tēnei ao? 

Māku e ki atu.

He tangata, he tangata, he tangata.

You ask me what the most 
important thing is?

I’ll tell you…

People, people, people.

csunplugged.org

csfieldguide.org.nz

tim.bell@canterbury.ac.nz https://github.com/uccser/


