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Big ideas in CS

Automated change
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http://www.stuff.co.nz/the-press/technology/the-box/the-

ball/297404/Scan-pack-and-pay



in CS

Big ideas

“Computer science is as
much about programming
as astronomy Iis about
telescopes”

Mike Fellows
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amount_owing = int(input("How much should I give out? "))

if 50 <= amount_owing:

print("here is $50")

if 20 <= amount_owing:
print("here is $20")
amount_owing -= 20

if 20 <= amount_owing:

print("here 1is $20") Aamount owing then
amount_owing -= 20

if 10 <= amount_owing:
print("here 1is $10")
amount_owing -= 10

if 5 <= amount_owing:

print("here is $5") amount owing  _ then

CEVA Here's $20 B0 2 T
>

change amountowing by &)

b
think [GIIEM for @ secs

iIil < amount owing = amount owing
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amount_owing = int(input("How

if 50 <= amount_owing:
print("here is $50")
amount_owing -= 50

if 20 <= amount_owing:
print("here is $20")
amount_owing -= 20

if 20 <= amount_owing:
print("here is $20")
amount_owing -= 20

if 10 <= amount_owing:
print("here is $10")
amount_owing -= 10

if 5 <= amount_owing:
print("here is $5")

when clicked

S| How much should | give out? JE1 1 RTETS

set amount owing to answer

i HJ < amountowing or

( say for @ secs
s
by €D
g
think |G for @ secs

change amount owing

if < amount owing or

( say for @ secs
8
by &
g
think [N for @ secs

change amount owing

if < amountowing or

( say for @ secs
8
by
b
think [N for @ secs

change amount owing

ili] < amount owing

much should I give out? "))

amount owing

amount owing

amount owing

amount owing



Big ideas in CS

Output

say for @ secs

print("here is $20")

Teletypewriter, by Arnold Reinhold - Own work, CC BY-SA 3.0,

httne://commone wikimedia ora/\ww/indevy nhpn?2ciirid=21 105422
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Using iteration...

&

when clicked

C?C?}?

]

148 How much should | give out? =TT BRVETT
set amount owing to answer
set denomination index to

repeat length of denominations

-

set current denomination to item ' denomination index of denominations
b

if current denomination < amount owing or current denomination

say  join current denomination for @) secs
b

change amountowing by ) - current denomination

b
think [CIIEM for @ secs

»

change denomination index by )

A

CEVN All done! RiGTg o secs



Big ideas in CS

here’s no single correct answer...

clicked

ET 8 How much should | give out? BTG IRTEL(S

set amount owing to answer
set denomination index to

repeat length of denominations

-

set current denomination to item  denomination index of denominations
13

if current denomination < amount owing or current denomination

say | join current denomination  for @ secs
»

change amountowing by (@) - current denomination

»
think [N for @ secs

v
change denomination index by o

=)
say T 2

clicked

F14 8 How much should | give out? =TT BUTET

set amount owing to answer

if Ed < amountowing or [HJ = amount owing then

say [EEEEXEL] for @ secs
>

change amountowing by &)

»
think for @ secs

if < amountowing or [ = amountowing then

say [EEEX3T] for @ secs
»

change amountowing by &)

»
think [CEEM for @ secs

if < amount owing or

say [T for @ secs
>

change amountowing by &)

»
think [T for @ secs

amount owing then

jl] < amount owing = amount owing
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Structure of Digital Technologies

digital device

human
application
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Big ideas in CS

Your digital day

= Shopping

= Finance

= Transport

= Entertainment
= Privacy/security

= Flthess



Big ideas in CS

Working with

Big Ideas

of Science Education

Dyasi,
erre Léna,
Rowell and Wei Yu

the key ideas that students
should encounter in their
science education to
enable them to understand,
enjoy and marvel at the

natural world



Big ideas in CS

fragmented collection of facts

explain things they find
Important

selection enormous range
curriculum content

progression towards big
Ideas



Big ideas in CS

the key ideas that students
should In their
computing education to
enable them to understand,
enjoy and marvel at the

digital world

http://www.cosc.canterbury.ac.nz/research/RG/CSE/big-ideas/

https://goo.gl/mWXchU


http://www.cosc.canterbury.ac.nz/research/RG/CSE/big-ideas/

Big ideas in CS

The big ideas in CS/CT

Data is represented in digital form on a computer.
Algorithms interact with data to solve computational problems.
The performance of algorithms can be modelled and evaluated.

Some computational problems cannot be solved by algorithms.

a & W b P

Programs express algorithms and data in a form that can be
Implemented on a computer.

o

Computing systems are designed by humans to serve human needs.

7. Computing systems create virtual representations of natural and
artificial phenomena.

8. Protecting data and system resources is critical in computing systems.

9. Time dependent operations in computing systems must be
coordinated.

10.Protocols facilitate communication between computing systems.

http://www.cosc.canterbury.ac.nz/research/RG/CSE/big-ideas/
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Big ideas

Data Is represented In digital form

on a computer
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It’s all digital!

Lln

Microsoft” el J

Office
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Big ideas

Digital technologies?




Digital technologies?




Digital technologies?

Big ideas in CS
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http://csfieldguide.org.nz/en/chapters/data-representation.html

Big ideas in CS

Cone cells In the fovea

By Mark Fairchild, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.p
hp?curid=32075732



Cone cells In the fovea
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Binary cards

1 dot is visible

http://csfieldguide.org.nz/en/interactives/binary-cards/index.html?digits=5&start=BBBBB



http://csfieldguide.org.nz/en/interactives/binary-cards/index.html?digits=5&start=BBBBB

Big ideas in CS

Binary cards

16

http://csfieldguide.org.nz/en/interactives/binary-cards/index.html?digits=10&start=BBBBB&offset=-5
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Binary cards

- gw = ]
http://csunplugged.orag/binary-numbers/



http://csunplugged.org/binary-numbers/

Big ideas in CS

Letters using digits

O - 00000 - 9 - 010017 - | 18 - 10010 - R
1-00001-A 10 - 01010 - J 19-100M-5
2-00010-B M =-0101M - K 20 -10100~-T
3-000N=-C 12 -07100 -L 21-10101 - U
4 - 00100 - D 13-0M01-M 22 -10N10 -V
5-00101-E 1% =-0M0 - N 23-10M-w
e-00N0-F 15-01M-0 24 -1000 - X
7-00M-0G 16 - 10000 - P 25-N001=-Y
€ - 01000 -H 17 -10001-Q 26-1M010 - £
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Unplugged: Modem

http://csunplugged.org/modems-unplugged-2/

“““““




Big ideas in CS

Algorithms interact with data

to solve computational problems




Big ideas in CS

Algorithms interact with data

to solve computational problems




Big ideas in CS

Algorithms interact with data

to solve computational problems




Algorithms interact with data

to solve computational problems

87 R 8 R 141
84 G 107 G 161
49 B 80 ' B 137

76 R 150 R 148
106 G 164 G 164
78 B 144 B 138

133 R 143 R 142
156 G 155 G 155
134 B 135 B 136

132 R 136 R 141
145 156 G 155
125 130 B 133

131 132 R 138
149 146 G 151
128 121 131

101 127 134
123 145 147
101 125 127

64 102 129
75 127 144
36 105 121

Big ideas in CS
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Algorithms interact with data

to solve computational problems

Big ideas in CS
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in CS

Big ideas

Algorithms interact with data

to solve computational problems

R 120 120+32+42
G 32 :

B 42
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R 101 R 155
G 101 |G 155
B 101 B 155

R98 R 160 R 159

G98 G 160 G 159
R 121 R 140

G 121 G 140
B 121 B 140

B 160 B 159

R 150 R 150 R 150

G 97 G 150 G 150 G 150
B 150 B 150 B 150

R 141 R 146 R 150

G 141 G 146 G 150

B 141 B 146 B 150

R 113 R 144 R 141 R 147
G 113 G 144 G 141 G 147
B 113 B 144 B 141 B 147

R 83
G 83
B 83
B 98

146

R 82

G 82

B 82
89 R
8 |G 146
89 B 146

R 81
G 81
B 81
R 97
B 97

R 82
G 82
B 82
R 85
G 85
B 85
R 87
G 87
B 87

R 76
G 76
R 69
G 69
B 69

1
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B 126 B 149 B 150 B 151 B 71

R71
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R 141 R 152 R 151 R 149 R 65
G 141 G 152 G 151 G 149 G 65
B 141 B 152 B 151 B 149 B 65

Edge detection
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Big ideas in CS

Canny Unplugged

Try it yourself! The grid below is filled with numbers that represent a grayscale image. See if
you can detect edges the way a computer would do it. If the values of two neighboring
squares on the grid differ by more than 50, draw a thick line between them.

21 21 21 21 21 21 21 21 21 22 021 21 21 121 21 21

21 21 21 21 @ 21 @ 21 21 21 21 21 21 121 21 (21

21721 21 21 ¢ 21 21 21 @99 103 @21 i 21 21 21 21 21 :21

21721 21 21 21 ;21 21§91 10321 i 21 21 21 21 21 :21

21721 21 21 21 21 21 @§103 99 21 21 21 21 21 21 21

21 021 21 21 21 | 21 99 103 99 @ 21 21 21 21 21 .21

21 72 93 101 103 :105 99 103 91 ! 99 ' 104 102 101:91 103 :21

21 21 99 99 91 103 99 99 10399 99 91 99 83 21 21

21 21 21 99 99 91 91 99 103: 99 91 99 103 21 21 21

21 21 21 21 99 99 99 99 99 :99 .99 103 21 :21 21 :21

21 021 21 21 21 99 103 103 91 103 103 21 21 21 21 21

21 021 21 21 21 1103 91 99 99 {103 91 21 21 (21 21 (21

21 21 21 21 103,91 99 99 10399 /103 99 21 ;21 21 @21

21 21 21 21 91 /103 99 21 21 {99 91 99 21 ;21 21 @021

21 21 21 103 :.103: 21 21 21 21 21 .21 103 99 ;21 21 :21

21 ;21 21 103 3 21 21 21 21 21 21 7 103 21 21 : 21

http://csunplugged.mines.ed
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Algorithms interact with data

to solve computational problems
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Big ideas in CS

The performance of algorithr

can be modelled and evaluated

https://www.youtube.com/watch?v=iDVH30CTc2c



https://www.youtube.com/watch?v=iDVH3oCTc2c

Big ideas in CS

Computer Science
Field Guide

Algorithms

Programming Languages
Human Computer Interaction
Data Representation
Coding - Introduction
Coding - Compression
Coding - Encryption
Coding - Error Control
Artificial Intelligence
Complexity and tractability
Computer Graphics
Computer Vision

Formal Languages

Network Communication Protocols

Software Engineering
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CSFG searching
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Big ideas

Searching
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Searching Phone Book

= 512 pages
256 pages,
128 pages,
64, 32, 16, 8,4, 2, 1
9 rips
= 1024 pages
512 pages,
256 pages,
128, 64, 32, 16, 8,4, 2,1
10 rips
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5000 pages

= Wikipedia featured
articles

= 2500 pages,

= 1250 pages,

- 625 pages ...

i (13 rips)

Rob Matthews
http://www.geek.com/geek-cetera/0-01-of-wikipedia-turned-into-5000-
page-book-1336419/

-
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1,000,000 pages

= 500,000,

250,000...
. 1983,
976

(10 rips)

= 20 rips total

Pedia Press
http://hexus.net/business/news/internet/66305-wikipedia-encyclopaedia-

become-million-page-book/
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1,000,000,000 pages

50 km long | Qv Tram e

| 46 min without traffic - Show traffic

25km, =

Forest Park

@

12.5km
6.25 km vt s
Total? @

30 rips

50 min
55.3 km

@ Christchurch

Rolleston Lyttelton

Lincoln

Leeston
@

Ashburton
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1,000,000,000,000 pages

50,000 km long
Rips needed?

40 rips total
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Telogis routing

| Customers | Rovtes | OebugToos | TetnpTocs | Hep |

Week Starting Moaday, 16 November 2009

0.00

™3 Mondey 'S 2018 661 mng v
B8 Menday i 3168 any Mmoo v
BI10  Mendsy 31 732 638 ms N
BH-41 Mondsy 13 265.5 732 mns ™
™6 Monday 14 1748 $15 ming m
T4 Menday 14 154.7 €48 mrs m
B? Mendsy 1? 149.4 462 mens R
-3 Moncey 1 2106 663 mng M
™1 Mondsy H 152.5 704 ming m
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Some computational problems

cannot be solved by algorith

Gene

NUH:‘I

Estim

Trial |
Dista
Best
Dista

Statt

Generats

Numbe|

Estimate

Trial rout
23,8,18
Distance
Best sofi
23,8,18
Distance

Status:

Generate Map | Start | Stop

Number of cii_ias: 21

Estimated time left to run:
3,854 700,623 years
10 manths
24 days
0 hours
0 minutes
0.00 seconds

Trial route: [13, 14, 8, 11,10, 1,17,
22,16,23,15, 21, 5,18, 26, 25,18,
12,4,3,8,13]

Distance: 2848 km

Bestsofar:[13, 14, 8, 11,10, 1,17,
22,16,23,15, 21, 5,18, 26, 25,18,
12,4,3,8,13]

Distance: 2848 km

Status: Ready to go!

100 2040 S0 km
]




ECo maps

alll Telecom NZ & 4:24 PM 4 829, mm}

Destinations

Big ideas in CS

E“ Upper Riccarton

odneiN

Blenheim Rd )

(o] (0]

Middleton Addington

,_
o
[}
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Finland
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Environmental impact

= Speed of algorithm
= Structure of data

= Algorithms to optimise
fuel consumption
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Some computational problems

cannot be solved by algorithms

Proof That Computers Can't Do Everything
(The Halting Problem)

https://www.youtube.com/watch?v=92WHN-pAFCs



https://www.youtube.com/watch?v=92WHN-pAFCs

Big ideas in CS

Frograms express algorithms andad

data

In a form that can be implemented on a computer.

= Plugging it in
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“Coding”
\/\/eek
-cademy

clo
ofe

Code

code
club :;‘;:

things you love are
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USE

>

"Not Mine"

.
MODIF

Y CREATE

> >

ﬂl
<i:ﬁ:j:%iiiz;e

Refine

"Mine"

From Lee et al. ACM Inroads March 2011
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Spritefest

http://scratch.mit.edu/projects/3169725/
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Frograms express algoritnms anad
data

In a form that can be implemented on a computer.
Storage (Eatmal0)

=148 How much change do you need to give? BELLIRTET

Input/output

say join current_denomination_value for @ secs

Sequence, selection, iteration

if amount_owing > [E] then repeat until  amount owing = [
i ;
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Turing-complete systems

gl l\\““i |

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

http://www.turingarchive.org/viewer/?id=521&title=4, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=22828488
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Computer programs are written

for...

the next programmer

def hs(s):
xxy = s[0@]
for xxx in s:
if XXX > xXxy:
XXy = XXX
return xxy

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).

def highest_score(scores):

highest_so_far = scores[0]
for score in scores:
if score > highest_so_far:
highest_so_far = score
return highest_so_far

""takes a list of scores and returns the highest one"""
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Elements of programming

= Coding ooO

Persistence

= Testing-o0 ©

= Debugging ° © ©
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Choosing a language

= Good resources for teaching (online, books,
peer support, software)

Scaffolds from students' knowledge
Encourages experimentation

Motivates students

Free R 7 pgthon

SmallBasic

JSs < TYNKZR.
Java HOPSCOTCH
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Computing systems are designed by

humans to serve human ne

This configuration will cause your Time
o Capsule's status light to blink amber. Are
= YOu sure you want to continue?

Click Ignore to prevent your Time Capsule's status
light from blinking amber for this problem.

( skip ) :i Cancel :: | lgnore |

| L I

v
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Programs are written for...

humans

E | have read and accept the fare conditions and Conditions of Carriage
(click box to confirm)
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Big ideas in CS
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E | have read and accept the fare conditions and Conditions of Carriage
(click box to confirm)

Start Ouver
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Reaction times?

Probability

0.75

75

100
Delay (ms)

150

200

350 600
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Computing systems are designed by

humans to serve human needs

https://www.youtube.com/watch?v=g ROwWQY4G5I



https://www.youtube.com/watch?v=q_R9wQY4G5I

Big ideas in CS

‘s

Diversity — broadening
‘participatin .

R - i
.

-

i 1
2 '
A . |
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—— el

http://techblog.nz/689-Thel TGirls

http://au.tv.yahoo.com/sunrise/video/watch/21339850/blind-genius-building-apps-for-google/
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A better motivation...

“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)
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Computing systems create Vvirtual
representations

of natural and artificial phenomena

https://www.kiwinet.org.nz/images/success-stories/AugmentedReality.jpg
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Models include...

= Simulations
= Spreadsheets
= Graphics

= Al

= Virtual machines

* Virtual/augmented reality
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Frotecting data and sysitem
resources

IS critical in computing systems.

= Examples: n

PKS
()9
Hashed password ARRBLE

Coin toss

p—
//"/ J / ‘\'
,./ / A\ \
// é\/ "’\ .‘\\ ) \
/. bo / / \ '\."%\\
/ § Y / Data \ ?7_ \
£ /.5 W'
[/ J / Services \ \ \
/ — \ \ \
\ Availability

https://blogs.technet.microsoft.com/seanearp/2007
/08/01/layers-defense-in-depth-part-1/
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Lockbox demo - PKS
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Time dependent operatio
In computing systems must be coordinated O{)
® O ® /[ Aiice and Bob's doc - Google x\'“.D - 5

C | & Secure https://docs.google.com/document/d/1gkB... € +r

Alice and Bob's doc [
File Edit View Insert Format Tools Table Add-ons  Help E?Eu n| &

& e T q00% - Normaltext - | Aral - 1 - More -

T(Ey pDiI"IIS Anoryrmous: Platypus,
e Alice/should go first

» Bob could be seccmcr
T when clicked

broadcast wake up

when | receive set alerts

when | receive wake up broadcast wakeup and wait

hraadcasl set alerts




Parallel sorting network

0
O
=
2]
@®
[<5)
S
2
28]
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Integrated learning

http://chisnall
woodmusic.or
g.nz/wp/wp-

content/uploa

ds/2016/06/20

16-06-17-

16.16.27.mp4



http://chisnallwoodmusic.org.nz/wp/wp-content/uploads/2016/06/2016-06-17-16.16.27.mp4

Big ideas in CS

Protocols facilitate communication

between computing systems
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Big ideas in CS

Locked-Iin syndrome

THE

DIVING BELL

AND THE

https://teachinglondoncomputing.org/resources/inspirin
g-unplugged-classroom-activities/the-locked-in-activity/

JEAN-DOMINIQUE BAUBY




Big ideas in CS

The big ideas
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Data is represented in digital form on a computer.

Algorithms interact with data to solve computational problems.
The performance of algorithms can be modelled and evaluated.
Some computational problems cannot be solved by algorithms.

Programs express algorithms and data in a form that can be
iImplemented on a computer.

Computing systems are desighed by humans to serve human needs.

Computing systems create virtual representations of natural and
artificial phenomena.

Protecting data and system resources is critical in computing systems.

Time dependent operations in computing systems must be
coordinated.

10.Protocols facilitate communication between computing systems.



Big ideas in CS

Digital technologies is about...

people
= Communication

= Information

= |nterfaces

= Privacy
= Safety
= Solving real problems

= Careers

He aha te mea nui ki ténei ao? Maku e ki atu. He tangata, he tangata, he tangata.

www.youtube.com/watch?v=cdgQpalpUUE



UNPLUGGE Topics Printables About

Computer Science
without a computer

CS Unplugged is a collection of free teaching material that teaches Computer Science through
engaging games and puzzles that use cards, string, crayons and lots of running around.
Welcome to the new CS Unplugged!

This updated website has unit plans, lesson plans, teaching videos, curriculum integration
activities, and programming exercises to plug in the Computer Science concepts they have
just learnt unplugged.

The original activities are still available at classic.csunplugged.org.

What is Computer How do | teach CS
Science? Unplugged?

Topics Printables

Curriculum Integrations Classic CS Unplugged
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Big ideas in CS

csfieldguide.org.nz

Computer Science
Field Guide

Algorithms

Programming Languages
Human Computer Interaction
Data Representation
Coding - Introduction
Coding - Compression
Coding - Encryption
Coding - Error Control
Artificial Intelligence
Complexity and tractability
Computer Graphics
Computer Vision

Formal Languages

Network Communication Protocols

Software Engineering



in CS

Big ideas

http://www.cosc.canterbury.ac.nz/
research/RG/CSE/big-ideas/
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