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COMPUTATIONAL THINKING

—— SATTED NI
DECOMPOSITION P PATTERN
ey Lk s A — 1 —=X\. RECOGNITION
into smaller, easier to AN
mange problems NN\ Analyze; & look for a
} N\, repeating sequence
\ \
\ \
\ \

Step-by-Step

Remove parts instructions
of a problem that on how to
are unnecessary and do something
make one solution work

for multiple problems ALGORITHM

DESIGN

“Computational Thinking is
the thought processes involved in
formulating problems and their
solutions so that the solutions
are represented in a form that

can be effectively carried out by
an information-processing agent.”

— Cuny, Snyder, Wing
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Pattern .
Generalization Abstraction
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=i RTUHEEE
WENTRIE Pattern
Data Analysis Recognition

Representation

SEIk= EEIARET
Algorithm
Automation Design

CT concepts are the

mental processes (e.g. abstraction,
algorithm design, decomposition,
pattern recognition, etc) and
tangible outcomes (e.g. automation,
data representation, pattern
generalization, etc)
associated with
solving problems in computing.

Computational Thinking

WA= for Educators
&\\% f}

https: / /edu.google.com/resources/programs/exploring-

computational-thinking /#!ct-overview



https://edu.google.com/resources/programs/exploring-computational-thinking/#!ct-overview
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COMPUTATIONAL THINKING
COURSE WITH GOOGLE

= Menu

A free online course helping educators integrate computational thinking ; - r— P , LL
into their curriculum < > .
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When: All of the course materials are available as a self-study program.



https://computationalthinkingcourse.withgoogle.com/course?use_last_location=true

COMPUTATIONAL THINKING CONCEPTS GUF%%

Computational Thinking
f’) for Educators

CONCEPTS, DEFINITIONS, AND TEACHING TIPS

is breaking down data, processes, or problems into smaller, manageable parts
is observing patterns, trends, and regularities in data
is identifying and extracting relevant information to define main idea(s)

is creating an ordered series of instructions for solving similar problems or for
doing a task

Avufomation is having computers or machines do repetitive tasks
Data Collection is gathering information
Data Analysis is making sense of data by finding patterns or developing insights

Data Representation is depicting and organizing data in appropriate graphs, charts, words, or
images

Pattern Generalization is creating models, rules, principles, or theories of observed patterns to test
predicted outcomes

from: https: //docs.google.com/document /d/1i0wg-BMG3TdwsShAyH_0Z1xpFnpVcMvpYJceHGWex_c/edit



https://docs.google.com/document/d/1i0wg-BMG3TdwsShAyH_0Z1xpFnpVcMvpYJceHGWex_c/edit

Introducing Computational Thinking

Exploring Algorithms

Finding Patterns

Computational Thinking

ﬁ%& for Educators

alg

What is Computational Thinking?

How the Course Works

QOverview

CS: Traveling

Humanities: Words Over Time

Math: Cellular Automata

Science: Genomics

Lesson

Overview

CS: Data Compression
Humanities: Music
Math: Turtle Geometry
Science: Classifying

Lesson

COMPUTATIONAL THINKING

COURSE WITH GOOGLE

Developing Algorithms

Applying Computational Thinking

Overview

CS: Towers
Humanities: Chatbot
Math: Calculator
Science: Bouncing Ball

Lesson

Project Overview
Project, Part |
Project, Part Il
Conclusion

Final Survey

https: / /computationalthinkingcourse.withgoogle.com /course2use_last_location=true



https://computationalthinkingcourse.withgoogle.com/course?use_last_location=true
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Capturing Store Insights for Timely Engagement

Continuous Channel
Customer Interaction
Chokepoint / Integrated

Precision igitz Video [ Ly X
Signage Surveillance E A
! i v,
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vings Mobile

Wisdom from

K .| the Cloud

Infrastructure,
Analysis, & Action

PRCINNFOR) T g Big Data Fast Data R Action

Repository\ Processing 'A@L Enablement

Paul Schottmiller - March 19, 2013 Amazon warehouse robots

https:/ /www.youtube.com /watch?2v=3eQAFVetNGI


http://blogs.cisco.com/author/paulschottmiller

uber
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REQUEST

Economy

Price/time tradeoffs and low cost
products

Uber:z

the Cloud:

Leveraging Technology to
Increase Efficiency

----- T 9:41 AM 100% .. eseee T 9:41 AM 100% -
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Home Home

Premium High-Capacity
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REQUEST

REQUEST

Premium High-Capacity

Products that can hold 5 or more
people

Nice cars and premium services
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APPLE WATCH

Never
Offline.

The Apple Watch is just the start.
How wearable tech will change
your life—like it or not

WY LEV GROSSMAN
AND SARTT VELLA

iPhone, Apple Watch
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APPLE WATCH SENSOR

* How to Detect our body

information?¢
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IPHONE X FACE ID

15:53 7

{ Back Face ID & Passcode

(Eem)
e

()

USE FACE ID FOR

iPhone Unlock

iTunes & App Store

Safari AutofFill

FACE ID
Enroll Face

Lir
m

include. About Face ID.

Turn Passcode Off

Change Passcode

Require Passcode

nes for privacy lorem ipsum and a potential second line that

N
~
~
~
-
-
-
-
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Face ID Set-Up

To recognize all the features of your face,
you will be asked to gently move your head

Get Started

.
T >
/ \
LEg vy

Gently move your head to
complete the circle.

LForehead

RForehead

REar

REyobrowEnd  REyabrowhiki LEyetrowtdid  LEyobrowEna

ROrbitalUpper (cphonal) LOrbitalUppanoptiona)

idUpper

REyOMLOWSE LEyeiiLower

ROrtetall.ower LOrhitall ower

RNostriBulge  NoS&TIp LNos¥iiBuige

RNostriBase

RUpUpporBend PHPPec

RMouthCorner

Riplowertiond | o o gc

LMidForehead

UpUpper

ta/Upper{optonal)

LEyeiaUpper

LEye!xiLower

LNost-iBase

LpUpperBand
LPufer

NouthComer




IPHONE X SENSORS

Ambient light sensor Speaker
Proximity Sensor Microphone
Flood llluminator 7MP Camera

Infrared Camera Dot Projector
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MATCH MAKER

AN WD

Anny, Bill, Cherry, David are friends.
David knows Anny, Bill, Cherry, and Eva.
Eva knows David, Frank and Grand.

Frank and Grand are good friends.

Anny and Grand, Introduce by ¢



Social Network | Graph | Adjacency matrix

RELATIONSHIP




* MATCHMAKER

Anny and Grand, Introduce by 2

E

®lle,

O

O

DIOIO|O




SHORTEST PATH

Shortest Path

Shortest Path Model (With MPL OptiMax)

ltinerary

Washington to Chicago (715 mi.)
Chicago to Denver (1011 mi.)
Derwver to San Francisco (1257 mi.)

Starting Cit
Ending Cit

Optimal zolution found

Tatal Distance: 2983 miles

Start City
“Washington
‘Washington
‘Yashingtan
‘Yashingtan
Washington
News York
News York
News York
Columbus
Columbus
Columbus
Ablanta
Ablanta
Ablanta
Atlanta
hdimmi
hdizmi
Chizago
Chizago
Chizago
Chizago
hdermphiz
hdemphiz
San Antonio
San Antonio
Derrver
Derrver
Derrver
San Francis
San Francis
Loz Angeles
Seattle

End City
Mews ork
Columbus
Atlants
hdizami
Chicago
Columbus
heliami
Chicago
Aflanta
Chicago
kdemphiz
hdizami
Chicaga
hdemphiz
San Antonio
Atlanta

San Antonio
kdemphis
San Antonio
Crenwer
Seattle

San Antonio
Denver
Denver

Los Angeles
San Francis
Los Angeles
Seattle

Los Angeles
Seattle

San Francis
San Francis

Distance

237
420
B3z
1042
T3
ooE
1281
a21
a7l
361
586
EE1
TiE
394
993
EE1
1381
Q36
1202
1011
2072
Jag
1095
an
1372
1257
1023
1303
380
az0
380
20

Fath

F == T = R R R R =T = T = R R R R R A -]




SHORTEST PATH & ROUTING PROBLEM
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PATH ARRANGEMENT

i 7 L.



IN DEGREE / OUT DEGREE




| IN DEGREE / OUT DEGREE

2 2 3 3
a b I
X %
4 : a

=1

3 3
b
F\\
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2 4 2



| PATH ARRANGEMENT

v][x v][x v][x
v][x v][x v][x




| PATH ARRANGEMENT

v][x v][x v][x
v][x v][x v][x
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THE TFTRIENDPSHIP ALGOR\THM

PR. SHELDON COOCPER, Ph.D
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CALL cod L
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INTERLSTS e e INTERESTY
WHAY 15 No “Po You N Ne|
TR Rusronse EnZoY A Mot vo
BLVELAGET T SHARE
THAT D
INTERESY
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CALLBACK Yes
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Thinking
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Coding &Problem Solving
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ABSTRACTION / ALGORITHM
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CT: DECOMPOSITION / PATTERN RECOGNITION

ABSTRACTION / ALGORITHM

MUSIC NOTATION

SIS

MBER R

E RN

playnote 71 for
playnote 71 for
playnote 72 for
play note 74 for

2@
playnote  for
playnote __ for
playnote _ for
playnote _ for

Y]\

beats
beats

beats

—_

beats

beats
beats
beats
beats

Soh

Note Beats Note

* | Gbeats

- | 3beats

72

1% beats

Dof|l Re|l Mi || Fa |l Soff La || Si ||Do2 J

g
e |

- | % beat

Q%ttb
2
W
Bt}
it}
T
T
L
T
—tw
nll
o
(il
nil
ol
al

L
al

ed#ﬁb
N
—Hy
-+
L
T
T
=T
n/
|
|
wl
11
N
u
dufl

=
e

@
L
L

.

">
g

e

wsET @O«
BEET GRO 8
FE el 727 1 1 R
weEs @O 5
weET WO 6
WeET EWO ©
REETGPO B
e GO 6
FeEs GO 5
wEs GNO @
weEr CGRO ©
WEET GWO B
et 3l 7171 1.5 BT
Tl 6971 0.5 R
weET GO o

weEs GWOn
weEs GO «©
L Sted 727 ] 1 EE]
L3l 74~ ] 1 BE]
wear @O s
e 721 1 BT
weET GO «©
weEs GO ©
wews GO B
weur GRO 8
weEs GNO 8
FE el 71 ] L RG]
wais GO i
EE 2 677 0.5 BE
weEs GRO®

wnEr GO @
wews GO 5
HeEs GVO 1
wWeEs GO 1B
weET GO 1
=2 3 el 71~ 10.5 RG]
L el 721 0.5 BT
weEs GO 1
el 6771 1 BE
weEs GO B
e L3 e 71+ 1 0.5 BE
T3y 7271 0.5 Bl
neET GO ©
weEr GNO B
weEs GO
wees GO ©
wess GO 1

BT Eage g
playstyle




=

IS
;

Muderate | = 120

-

[;é

-] q@b
+

e .%
-

[

S

e bRy

(BLEERR)

—&—3 o

S AR AR

rdl g PP ISR AN

S
-
=

st e er 5 0
T SRR b
;,.EJ"_"& =.:,.-:_hﬁf
o A d T

Sl dprr

S EeSs = e eE—

= sor O

Annier
hitp:Veamnieroke. blogspot oo

FE

BiRs  EBh

TREREand TR E-E ERV -2

B ting0101095

*o @

JNA Scratch A

Ml (6 wEEE

BRfERE

£ ERYEER
KRS
BPM:120
BYSREEST R

s

SEERIESRELE

AT KR

S B http://www.gamebase com.tw/gb_img/1029008/90768839/
KEER REE

® #ER 3+H 2016 ERiEMEWE 3 +H 2016

L O i :’%1

hitps://scratch.mit.edu/projects/123769932/



https://scratch.mit.edu/projects/123769932/
https://scratch.mit.edu/projects/123769932/
https://scratch.mit.edu/projects/123769932/

w5 GRE " I . .. oo = GRO i il #5575 GDED i
e if -— | e G2 @B 1 i
ST L) e = @ - e D@D
55 G I . oo g Bl @O s @ i
= @D O it SR wEE GO T 575 G @D 15
o Toor Gl ol gmmemeten Bl -k -Gy an
@ =5 AN OD - S o —— - ;E
i GT =& GRED 1 . - REETE — =

EJ:U’J&E&E

KeEfr)

Modsrate ] = 120

[:Ini :-J"'_; _hnﬂ:_j'r _“.;J—J""J_]\; -’fé,-hj:j,.j

S AR S RS R S AR R R
Chorus [sé e by A I P N

Hea g g g gt S
&) Dy deer pa b

01— 35 J— D

RS = A A

& o 53— & 3— &
o 1 e | ———— ) —r——




http: / /ct.fg.tp.edu.tw /2p=65

B~ B A B AN
FRACTALS — CODE IN NATURE

{0 iteration 1¢ iteration :“jitjy/\z_m

3 iteration

B oEELHRZEREERNESHRE B E2REEERHENGESRER
B S E AT B Rl RS



http://ct.fg.tp.edu.tw/?p=65

1] SETTERARE EELENSEER

BEEH e :%5%‘ ﬁzﬁmA EuBa [2] @BIBE 50 WIEAF (Square2.py) I N S T R U C T I O N
A AAA AL e it - A TSI D E S I G N

AA AA As -
° ERVECER ¢
AAAA  LLLG http:/ /ct.fg.tp.edu.tw /2p=65

e EERMUE:

[2] HETTEEMARR EBHE=SRER
EE2 0 FE—SR EHR from turtle import *

=== .-=. sarah = Turtle()
... for i in range(4): #repeat four times

sarah.forward (50)
sarah.left (90)

canvas = Screen/()

[3] ARMTTFEEMARE TRLE=—SEEK

EBLHE $—4B o]
= g canvas.exitonclick()
A B A B : N Eﬁ% KOCh Curve
e Oy BEEE B0 B BoHE
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BBEH 3 : Geometric drawing by programming /\ ﬂ/\Z_/L m

— ~ EiffXK (Artist) . ERCHEABATHE BT

def f£(t, length, depth):

= . EE'_;
S R SRS BREA BIATT FEHE
1 PEER 10 A9% 1 B
B LESLES t.forward(length)
RETR | B AR —
SR EAERE" B ANE P EICED R
 E—EEBMESF
o SRR p e £(t, length/3, depth-1) P
e - 88K A 100 &% - t.left(60)
£f(t, length/3, depth-1)
L ER 4 - 22
: mmuwmom (e, lengtn/
B 120 & <60 R 150 19 EE £(t, length/3, depth-1)
HIEE . BEEENAIL e t.left (60)
f(t, length/3, depth-1)
o B0y - A= N Ef R ER
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COMPUTATIONAL THINKING FOR EDUCATORS

GO‘iL)QlG ' Computational Thinking for Educators °" *** .

Login

# Home & Profile @ FAQ ax Community

A free online course helping educators integrate computational thinking
into their curriculum

Humanities, Math, Science, and Computing educators

All of the course materials are available as a self-study program.

https: / /computationalthinkingcourse.withgoogle.com /course2use_last_location=true



https://computationalthinkingcourse.withgoogle.com/course?use_last_location=true

https:/ /code.org/

ANYBODY CAN LEARN COMPUTER SCIENCE

Every student in every school should have the opportunity to learn computer science

Take the diversity pledge | agree v Join 2,180,230 others

Students Educators Hour of Code

Explore our courses Teach your students Anybody can learn. Start today

Try Code Studio Elementary school Try the Hour of Code
Find a local class Middle school Host an Hour of Code

Other online courses High school 263,525,499 served

Code Studio student creations

studio.code.org/gallery ]



https://code.org/

https: / /code.org /curriculum /course3 /1 /Teacher

UNPLUGGED COMPUTATIONAL THINKING

< (e ‘ @ %% | https://code.org/curriculum/course3/1/Teacher

U

UNPLUGGED

Computational Thinking

Lesson time: 25 Minutes Basic lesson time includes activity only. Introductory and Wrap-Up suggestions can be used to delve deeper when time

allows.

LESSON OVERVIEW

For this activity, no instructions are provided. Instead, students will use examples of what imaginary players have done to figure out
how to play the game. This lesson gives students the opportunity to practice the four arts of computational thinking (decomposition,
pattern matching, abstraction, and algorithms) in one cohesive activity.

TEACHING SUMMARY

Getting Started - 15 minutes

1) Vocabulary
2) Eiguring it Out

Activity: Computational Thinking - 25 minutes
3) Computational Thinking



https://code.org/curriculum/course3/1/Teacher

TEACHING GUIDE https: / /code.org/curriculum /course3 /1 /Teacher

MATERIALS, RESOURCES AND PREP

For the Student
« One die per group

« One Computational Thinking Kit per group
« Pens, Pencils, & Scissors

« Computational Thinking Assessment for each student

For the Teacher

« Lesson Video
« This Teacher Lesson Guide

« Print one Computational Thinking Kit per group
« Print one Computational Thinking Assessment for each student

GETTING STARTED (15 MIN)
1) Vocabulary

This lesson has four new and important words:

et D e CoMpOSe Pattern Matching

Say it with me: De-COM-pose Say it with me: Pat-ern Mat-ching
Break a problem down into smaller pieces Finding similarities between things

Abstraction Algorithi

Say it with me ‘b-sfrac-shun Say It with m.;M-QO-ﬂ-NIM

Pulling out specific differences to make A list of steps that you can
one solution work for multiple problems follow to finish a task



https://code.org/curriculum/course3/1/Teacher
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COMPUTER SCIENCE COURSE DESIGN WITH CT
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COMPUTATIONA

in Computer Science Course Design
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http://ct.fg.tp.edu.tw/?p=61
http://ct.fg.tp.edu.tw/?p=65
http://ct.fg.tp.edu.tw/?p=820
http://ct.fg.tp.edu.tw/?p=732
http://ct.fg.tp.edu.tw/?p=330
http://ct.fg.tp.edu.tw/?p=659
http://ct.fg.tp.edu.tw/?p=371
http://ct.fg.tp.edu.tw/?p=366
http://ct.fg.tp.edu.tw/?p=403
http://ct.fg.tp.edu.tw/
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http://paperplane-tw.weebly.com/

B EE s

N . N HEH ZEB 8 ALGORITHMIC DOODLE AR

I__I ’ 4 A Y — | -, V] = £
\Ea == N HRET: ARAETREAE
// NS 7 /L\ & H 54 (algorithmic thinking) Computer Science activities with a sense
%I ] Ik 1 228 (computational modelling) of fun: Created by Paul Curzon, and
% e e N o | B2 AR Z (algorithms in nature) Peter McOwan Queen Mary University of

BRI AL & (computer generated images) London for Teaching London Computing:
%18 (recursion) http://teachinglondoncomputing.org

51 8 B4 (computational thinking)
& I
78 (fractions)
(/) NERARBEHER) EHMLBIBCCIOHEBRT - IEmmRM -
HEIA R EWE (creative commons 3.0
BY-NC-SA)

http:/ /paperplane-tw.weebly.com/
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