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term ‘Computational
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Grover, S., & Pea, R. (2013). Computational Thinking in K-12: A Review of the State of the Field. Educational Researc
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B 53T —AR1E(Pattern generalization)

- ELHEBEmEL - RA - JRAIEGER
e AR
l_'f ml \ l def koch(t, order, size):

if order == 0: EAGE

] t.forward(size)
2]
14‘ = 'l l . else:
/ er-1, size

chit, ori
t.left(60)

koch(t, order-1, size/3)
t.right(120) 3 3
koch(t, order-1, size/3) B i
t.left(60)
koch(t, order-1, size/3)
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import pandas as pc
df = pd.read_csv('data.csv', encoding='BIGS5')

¢ Kmeans MRLZSWLE
cluster import KMeans

import matplotlib L 1

student = df[['

¢ AT Kmeans BRGE
KM. fit (student)

.xlabel ('
plt.ylabel (*
plt.title('T-shirt
plt.show
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import matplotlib.pyplot as plt
plt. scatter (W MR PEL, %k :2)

<matplotlib.collections.PathCollection at @x7fd336dc1810>
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B #6— KNP (Pattern recognition) Fﬁ%ﬂ#’l‘ﬁ(Decomposition)

- ZBRBCEHMNE - SRR (pattern) IWEREAT R EIEATT
ENGEY A El kPR

AR AERE (% .
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m 05— YA (Pattern recognition) - BREEE4T (Decomposition)
— EEE B El > TR AR B IR AR AR = (pattern)
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o MEERTSASTNEESHERE

vhER A R AR Nt T B 2 B as M HEREE R TR

— RIETRERTRE
ERANBRTANFED « " RBTREMNTRE ( Generator Iteration Method ) , REAHNARES

B BEERAN T REERMAGL, ( Strict Self-Simil
LUEETERERER  SABELET (Initiator )izﬁtn(s rator) « HESSRQT -

B FB— #&2‘(’.¥J¥nﬁk(Pattern recognition) - BT (Decomposition)
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[E; recursive_ex1 Mg =

K20y w0 4 Eer—
Newspite: & / & @
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def koch(t, order, size):
if order == 0: —
e

koch(t, order-1, si
t.left(60)

koch(t, order-1, si
t.right(120)
koch(t, order-1,
t.left(60)

koch(t, order-1



2] _ MZR{E(Abstraction) - EilZk/R(Data representation)

B Data compression (Exploring Computational Thinking, Google for

Ed u CatIO n) Activity 1: Smallest amount of data necessary (20 minutes)
Activity Overview: In this activity, students will use pattern recognition and data analysis to determine what is the
smallest amount of data necessary to communicate to another person information such as a word, phrase, shape, or

visual scene.

Activity:

1. Pair students into groups of two.

2. Have one student think of a word or phrase and write down one of the letters from that word, wait a second,
then write another letter from that word, omitting some of the letters. All of the letters should be placed in the
order of where they belong e g_ If | were thinking of "HELLO WORLD," | might write down "L," then later write
down "LL," and eventually it might look like "H LLO WR D.”

3. Have the second student try to guess the word or phrase as quickly as possible.

After the second student correctly guesses the word, students should switch roles.
5. After a couple of turns, ask students to try and do the same activity using a shape or a visual scene like

"student walking to school," where each student draws the shape or visual one line or curve at a time.

=

Q1: On average how much information (turns/steps) from the first person was necessary to guess

Word Phrase Shape Visual

https://docs.google.com/document/d/1PSD5sAiRoC96pPdbPQ7AzWBzH5IAWuUH2aB-4QLpPMs8/edit#
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24 = RIREREAT(Decomposition)  EEE B # (Algorithmic thinking)
m Water Water Everywhere! (Exploring Computational Thinking, Google for

Education)
Instruction | Quantity in A (max 4 | Quantity in B (max 7)

R )
ﬂ:'“n?"::"’;”"”m“"..‘:“w’;f; o oy v o ek o o STARY START 0 0
Fill A 4 0
A->B 0 4
Fill A 4 4
A->B 1 7
Empty B 1 0
A->B 0 1
Fill A 4 1
A->B 0 5

https://docs.google.com/document/d/1jOGAD21D5BoVblYhs_eFRxdjQCbEaAFI9TiPuQgzdVg/edit
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Recommended for

Barefoot ages 5-7

)( Computing at School

World Map Logic -

Logic and Programming

-_—



| know it's raining | know if | wear | predict if | wear
my coat | do not my raincoat today
get wet | will not get wet




| am not

| know if | eat | predict if | eat an
an apple I am apple | won't be hu
not hungry ngry anymore

| know | am
hungry



l

| know | am | know if | put | predict if | put my
hungry my coat on | will coat on | will not
not get wet hungry anymore



B | can predict what a program will do

m | can explain why I think this
| R -.
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Logic
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Recommended for

Barefoot ages 7-11

% Computing at School

Shapes and Crystal Flowers

Use repetition in programs

\
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Programs & Repetition:

Repetition

* | can write a program
that uses a repeat command

* | can explain what the

repeats do in my program
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Challenge
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usklp Ifxyn mgmsn xisgl tysng ywwyv zsfkk gnwks wrvgh vswiy rvgps wwsyv olool h
swyv wswmgq xsyvw lifpp svsnu ssxIn lkcws vsusm msnxn gxvsl hsnxk qulkl fnxsv usr
xs klugv vswrg nilnu sugis ssnxv soloo lhssx wswis ybugm rkfus wksrv gpsww syvae
sixwx gnssx klugm xswws kgzsk lussn wsmok suswq nxxvqg fwisw swrvf xwksw rkywq
vfhfn lybis ksyvh snsvl xfqnf kwsmo kstyf kwwsv Ifsnx fmrkf tyswi Inwks iszsk grrsm
snxiy nsmlu efnsr qyvkl uqifp fulxf gnlyx gmixf tysis wmsww lhswu styfw svifx ynsms
nlusx svvfo ksrqy vkswf nxsvs xwisk loskk spvin usngy wsxyi fgnwk Irgww fofkf xsisp
Ifvsi swuqr fswws uvsxs wisus wrkin wsnyx fkfwl nxksw cwxsm sfnhs nfsyb ismil hysv
v szsyf kksdv srvsn ivsug nxlux wfkzq ywrkl fxlzs ukszq ksyvt yfswx wqyru gnnsw sxv
qy zsvlw qyxel mrxgn fknsp Ifxly uyniq yxsty susxv Ifxvs iswus ksvix zlues vuesv Ifmr
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xgmol fxsnx vsism lyzIf wswml fnwxq yxsuqg vvswr gniln uspyx yvsug nusvn Inxus rvq
rq wiszv llzgf vynuq iszfh snsvs ryfwt yfksw xfmrq wwfok slisu qisv
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SEE NSRS Computer Science
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https://csunplugged.org/

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.



https://csunplugged.org/

Teaching London Computing RH#tFHFZ R ENHEER
— Queen Mary University of London Ei King's College London.
https.//teachlnqlondoncomputmq.orq

Computing without computers EQueen Mary University of
LondonE’J Paul Curzon AIcEEIEE AL N AEIRTIRET C TR

4ERE - EEASEANR - LI‘EUHAU%FTE’F'EHHEKWEU mMAEEZEH
?Tf?%'ﬁ_b

https://teachinglondoncomputing.org/resources/inspiring-
computing-stories/computingwithoutcomputers/



https://teachinglondoncomputing.org/resources/
https://teachinglondoncomputing.org/
https://teachinglondoncomputing.files.wordpress.com/2014/02/booklet-cwc-feb2014.pdf
https://teachinglondoncomputing.org/resources/inspiring-computing-stories/computingwithoutcomputers/
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Following is a simple program to print first n Fibonaccl numbers.

Examples:

Input : n =3
Output : @ 1 1

Input : n =7
Output : 8112 358
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Python 3.6

1 def listSum(numbers):

2 if not numbers:
3 return @
4 else:
-5 (f, rest) = numbers
6 return f + listSum(rest)
7

2 myList = (1, (2, (3, None)))
9 total = listSum(myList)

Edit this code
line that just executed

= next line to execute

Step 10 of 22
Visualized with pythontutor.com

Move and hide objects

Frames Objects
Global frame function
listSum({numbers)
listSum L
myList L tuple tuple tuple
0 1 0 1 0 1
A L7
listSum 114 2| g | (s
numbers |_
Fl
rest L
listSum
numbers L
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Algorithms:
Insertion Sort

By Alister Christie
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Bubble Sort
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B Teaching Physics by doing experiments in lectures

— Professor Walter Lewin, MIT
« Potential Energy (B44E)

http://www.youtube.com/watch?v=CgqBg44azYk&feature=relmfu
44:00
« Simple Harmonic Oscillator (fGz&2E#))

http://ocw.mit.edu/courses/physics/8-01-physics-i-classical-mechanics-fal
1-1999/video-lectures/lecture-10/

45:00



../ref/lab-based learning/mit.mp4
http://www.youtube.com/watch?v=CgqBg44azYk&feature=relmfu
../ref/lab-based learning/harmonic.flv
http://ocw.mit.edu/courses/physics/8-01-physics-i-classical-mechanics-fall-1999/video-lectures/lecture-10/
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[Youtubo2GIF com] @ % [] 7 whilewiz.py - OAtemp\while M32.py
File Edit Format Run Options Windows Help
#whiledHf
visual
v = 0.05 FRIMRBE = 0
dt = 0.001 xm rremr r Fﬂ Hui
t=0 #EHIPRZ @BYEER)  BOB

floor = box(pos=(0, 0, 0), length=0.2,
cube = box( pos=(0, (0.05+0.005)/2,0),ler

(1):
(cube.pos.x < 0. 07)
rate (1000) (3 327 E):peag 4]
t += dt "‘“4!1&[1 E ﬁé e
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Processing

/ Processing |

Cave: Exhibition. A curated collection of projects created with Processing.
—— New software added each month.
Donate
Curated by Filip Visnjic of CreativeApplications.net
Exhibition

Reference

Environment

Tutorials komorebi Particle Flow Objectifier

& 8- 5 Processing Exhibition ( https://processing.org/exhibition/) «

AREREFEA Processing HEIEH&EHERETES » £5 Arduino HEFUAISEE
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[ 4 CT-STEM Curricula Intro to CT Teacher Support ~ About~ Login

Browser-friendly CT lesson plans for your classroom

ected Chemistry

ideal Gas Laws

LESSON PLAN - ENVIRONMENTAL SCIENCE UNIT - BIOLOGY UNIT - CHEMISTRY

40-50 min 6 Lessons 6 Lessons

Intro to learning with Computational Evolution of Populations Ideal Gas Laws - Connected Chemistry
Models 2019




¢ CT-STEM Preview - Ideal Gas Laws - Connected Chemistry 2019 “ CT-STEM Preview - |deal Gas Laws - Connected Chemistry 2019

| observer v [

| Clear

3 powered by Netlogo CC2019-M2-Pressur... =] o |

Export: NetLogo | HTML

3 Mode: Interactive ~ Commands and Code: Bottom

model speed —
e ———— | Jump to Procedure | Recompile Code [J Auto Complete
ticks: 249 -
Disabled
" 66 to go -
Initiah:number o7 67 let old-clock 8
68
U setup 69 ask particles [ bounce ]
70 ask particles [ move ]
71 if collisions? [
72 ask particles
73 [ check-for-collision ]
74
75 1
number-to-add 71 76 set old-clock ticks
77 tick-advance tick-advance-amount
+++ add particles S
79 if floor ticks > floor (ticks - tick-advance-amount) [
80 ifelse any? particles
81 [ set wall-hits-per-particle mean [wall-hits] of particles ]
82 [ set wall-hits-per-particle @ ]
show-wall-hits? :i ask particles [ set wall-hits @ ]
85
86 calculate-tick-advance-amount
87 ask flashes with [ticks - birthday > 2.4] [
88 die
89 1
%0
91 if (show-wall-hits? = false) [ ask flashes [ die 1]
92 display
93 end
94
95
96 to calculate-tick-advance-amount
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| 7|t = }'fﬁ /ﬂi @ 1‘ = (A) HEEIERAIENT & RS ERE
(B) FAFEIEERREYEINT » MBS R
Ex |
N 2128 A BEEEmER R TREAS D 7.
[ Pide—ame (Ll T /e (e FsE) |
* FI9EE=(304+30) 7 {(64+3)=60.9 =20.,"3-

213 AR SRR R
= =] =X T while=3E py - D:\temp\while=F3®.py HR(BERR) AN > BREEATIE T 40.00 ﬁ*ﬂ'
II:'e .%C‘t Fc:""’uat Run Options Windows Help %—-?:{ﬁik]%gd\ﬂ% Y EEFE&?E‘;@T—&
#whileZF$
visual *
v = 0.05 pAIERE = 0.05 m/s
dt = 0.001 I mE = ATV E Rl bR, B X
t=0 #HEEFFT EABNIFRT . B S

floor = box(pos=(0, 0, 0), length=0.2, ¥
cube = box( pos=(0, (0.05+0.005)/2,0),ler

(1) :
(cube.pos.x < 0.07):

rate (1000) s 1000 RENEEEE P
t += dt # 7 PR 15 T = PR BB
#print t
cube.pos.x += wxdt #UFE=FE
#print cube.pos.x

print t
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*ETJ’EMMLT J_&(Slns etaI 2005b) IR 2 #H FFFE (Ramaila, 2014) 8 R Hi@ S A ZSTEMAZET ‘Eﬁnﬁﬁlf—%
EIEERER  BEENEBETHEREATERERE  &F "othy ~ TEEZEREN. » TEb, B
FEREE, M IEILT =S A ) E

[ AE AT HE - A0 FLGERT I BTREIRT 5 £08 - E2] 180 /3 HL/RERYBMET AT - H] — -
AT BT - PHIEERE RS AR/ 2 ARSIV AR - HATE While ETNEE 7 EEE
BT TR g -]

& N VAN
& PR ¢ AR REIPIEYIERE LR - ﬂ*ﬁ
R T

* 22 Ax

1
5 (Vend + Vstare) ™ t

+ A3£3: 180(km/h)= w
- AR VR - BB E ERAENE ?
2-2: 48— 48 » B SERAEREUE *

Q  HBEHET R 7

=50 (m/s)

A IR RS B o
T PRTERLE FILTATRIEE R 50 m/s
HE[EIAE 0 BAGEEIE S B
2-3:AR DL BRI - BT D Sei e S P R - A A B (e #E(-125.0,0.5,0.0)

om visual import *
FEBEE S m oo
v_start=0 #m/s WJEF‘
v_end=50 #n/s §FEE

©_start=0 #IEFR

t_end=5 R

dt = 0.001

sBEERE

scene = maplay(wldth-zaoo height=200, backg:aund-co 5,0.5,0)) HETEEE

floor = box(length=250, height=0.01, width=4, colar=color.blue) il
ball = sphere(pos=(-125.0,0.5,0.0) , zadius = 0.5, color=color.red)#IH4{



While ETIIEEZEREE

X3 SN—
2 EE]
— /H BEAME

. = _ AV Vv
A 2X1: a= - = oy
(B) /l}iﬁ 2 Ax = % (Vend + Vstart) * t
HIEMEERAE
a = (v_end - v_start)/(t_end-t_start) ##EE
princ "IEHBANLEER ", a
\ x = (v_end+v_start)*t_end/2 #HE ST TERF LB EERATAYRESE /
princ "UEGIMTLES B TR ATAORERE , x

2-5: ERAIEE IR R - 8 e e E 7
K Fs vpython SEUREEE 3D 28] » MERA A AN » RSB HEEEEL 30
it -
HEEHABEEA/)D, EvpythonP AE BFT
ball.v = vector (0.0, 0.0 , 0.0) #EHEMLEEESE
(?&E‘.@%HE'EER}&M%E&B&F& » FE— AR 40 {e] FEAE SRS B BN TR E FRATAYAR S \
EEEERAIAL /N S S R AT AT (i B
1. EHBEPERET ST EEE
2. EEHREIE GRS

#hESEE
while ball.pos.x <= X: FEEHEUE D AEFNERUES
rate (1000) #1000k
ball.pos = ball.pos + ball.v * dt * 0.5 sIE§#EMEFESEE (v+vo)*c/2
\_ ball.v.x = ball.v.x + avdc RGBT EE v=vorarc Y,




1
I\

$# -*%- coding: utfg -*-

FRABER

from wvisual import *

FNEEE

v_start=0

#HEE (GERE—ERED FE

v_end=50

FNIEERR]

t_start=0

#HEE CEERA—EERT BRI

t_end=5

sa E FfRE AR IR LLERE
dt=0.01

FHEEEEE

scene=display (width=2000, height=800, background=(0.5,0.5,0))

iR L& EE

floor=box (length=250, height=0.01, width=4, color=color.blue)

AR LR R

airplane=sphere (radius=0.5, color=color.red)

SEREMBIMEUE=, v, HERTE

airplane.pos.x=0
airplane.pos.y=0.5
airplane.pos.z=0

FERE MG EE

airplane.velocity = vector(0,0,0)

IR LR EINEE (FE -F) / (FER-TIER)

a=(v_end-v_start) IA t_end-t_start)

) 03 B ", a

While BrtliEE 2

Ean

%

=

oo

IR LT ET B L REROEEE (F0F <00F ) «FRTER R #0.5
®=(v_end+v_start)*5%0.5
print "fEEFLEIRITHIEES ", x

A wnileDE— b — B E L ETAEE

AR RIEE of P RGIE B TR IEFT LI RIR S

t=0

F2 MWEI=IE ZEFBA BITEME 05T ERITOE
while airplane.pos.x < X! ﬁaff%w}".ile%ﬁfffﬁ@ﬁ_‘ﬁg?ﬁ

$HEENPEEI R0, caF — b —SBERELE
print "IRESE", o, ", cede, "FHEVER

FHEMZE T RMELEE

v0=airplane.velocity.x

FREMETERC. 0IFEINER A E=E NLEE -SR] e

v=vi+a*dt

#THEE0. 00 FVEVISENEREE  (FE+0E ) ~FiTE 0. 01fk#0.5
dx=(v0+v) *dt*0.5

STEHREOEFRE—T

"tE ", v, "HE T, v, "FSENEEEE ", dx
rie[RELE| B ATEEEE ", airplane.pos.x

#HIE 8RB mRaIRR
F1.2MENREY AR (FERERND LX)

airplane.pos.x=airplane.pos.x+dx

F2 UENRRETEE (FE /N LERENEN)

airplane.velocity.x=airplane.velocity.x+a*dt

FEFET OISR o. o #flins . asFET] 3. a6t
t=t+dt

R TEERIMER
rate (10000)



P58}

-/

While EEJTilEE 7 2

- RIS

N}
v

5] 2o

=

|.& *Python 2.7.10 Shell* — [m] X
File Edit Shell Debug Options Window Help
fIE 33.3 FF 33.4 TERNEEEE o0.3335 o

TE[RESE| HAREEE 55.4445

HATSE 3.3¢4 PE 5.35 PavER
FE 33.4 FF 33,5 IBENEEEE o.33as
fEIRELE| HAIFEEE 55.778

HATFE 3.35 #E 3.36 PEVHR
#iE 33.5 FF 33.6 THEDEREE 0.3355
fie/RELE| BATEEEE s6.1125

MALEHE 3.36 FEl 3.37 HEVER
E 33.6 FHE 33.7 IBEHPEEE o.3363
fiElRELE| B ATEEEE s6.a48

HAESTE 3.37 #E 3.38 PavER
I 33.7 FF 33.2 TEENPEEE o.337s
fEREGT| HAiEEEE 56.7845

BATHE 3.38 #E 3.39 PEvER
FE 33.8 FF 33,0 FEENEREE o.33as
fielREhE | HAiEEEE 57.122

HATSTE 3.39 PE 3.4 PHOER
A 33.9 FFE 34.0 IBENPEEE o.3309s
fEMRELT B ATEEEE 57.4605

HATHE 3.4 #8 3.41 FEVER
E z4.0 FF s4.1 F5EHEEEE o.340%
fEEELT B HilEEE 7.

BASE s.491 #E 3.e2 PavER
FE 34.1 FF 34.2 IEENEEEE o.3415
fE[RELF| B AieEBE s58.1405

HATSTE 3.42 #E 3.43 PavER
R 4.2 FE 34,3 TEENEEEE 0.3425
fielRE5E | HATEEEE 58.422

2-8:5EE print ball.pos » EZEHBEFIAIERE -
2-9: 5058 print ballvx - BRERESTHEFIITERE -

210 RS B (i

2-7: R R E e P R R e R AR/ 2 - A AR



A

7

4

~

O S EEREEEE HENF T RERLLM)

from wisual import

HEAR - FES ©

EEH + YRR R R

22

G =
t=2a

6.7e-11 :ENEH LEEYEEA  ENEEG=

QEAEBEVHERA > BAS I TERARE

dt = 0.0001

scene = display(widch=200, heighr=800)$ESR

earth = sphere (radius=§378.1, material=materials.BlueMarble)$#IERF{%, BRI E

earth.mass = 5.972e24ihTHER
ma = Grearth massiENHEAHEE

FHE

ge_satellites=[]
for 1 in range(0,3,1)

ge_satellites.append (sphexe

ge_satellites|i].r = 42164#I‘]fa@§5‘ﬂmﬁa*]252§

ge_satellites[i].av = (mu/ge_sacellites[i].r**3)+*+0.5

arrows—[] $EAERHE
for i in range(0,3,1):

arrows.append (arrov (snaftwidth=100 )) #HENGEEHEHER

PO_satellite = sphere (radius=1000, make

iala. rough) | S N0E SR FEHRTE

_crail=True, retain=1000, material=materials.rough, color=(0.7,0.7,0.7))#HEEHEETEEHEERFEN
PC_szatsllita.x = §378. © <1500 +4EHE 4 L FITERASEE A

PO_satellite.av = (mu/PO_satellite.r**3)*#0.5

earth.av = (mu/(ge_satellites(0].r)**3)=*0.5

while True:
rate(1000)
T += doEEiY
for & in range(0,3,1):
ge_satellites[il.
ge satellites[i].z

= ge_satellites[i].r*math.cos (-ge_sacellites[il.av*c+i*120+pi/180) 3E S EE)
. satellites[i].r*math.sin(-ge sacellites[i].av*r+i*120+pi/180)4E & EHE 8

3. EEWEREL
1~m2%:
rk

Fehy:

ge_satellites[i].pos = vector (ge_sstellites[i].x, 0, ge satellites[i].z):EHFHEME, EE
arTows[1].pos = ge_satellites(i].posilEl # 12 1 Bo e ETEEHE (IR
arrows[i].axis = -0.35%gs zatallires[i] .pos
PO_satellite.y = PQ_satellite.r*math.ccs (-PO_satellite.av~t) HEIERTE i
BO satellite.z = BO satellite.r*math.sin(-PO satellite.av~t) $E2HE 30

4. for i in range(0,3,1):
print i

i e

5. FEMET—UPBHR TR
FREYIREIRYS [ F770) - BRA AT
BRATRBL tE - BRAPIT

Rl ZEL »

6. FERSEALES MEE T o [FH R S i I SRR AR
e Bl - EE KT SRR  SRITRATIRE -




BRI

— http://amymburns.com/

— http://amymburns.com/blogcc

- PR SRR e
g, FUBERAGE LA
it - 24 DT o 4l
(WK » BT [ GBI
B P B L
fh > SR A A

B https://www.youtube.com/watch?v= V|QavaAvnI



http://amymburns.com/
http://amymburns.com/blogcc
https://www.youtube.com/watch?v=ViQawYvAvnI

B %2R A Ozobot MR Z MY SR
- ENRETEBRIFEREN
- LZEREBe P TFEREZNEE
EiGina LigouriZ2>skB A aIfFE R 9T
MiNE - WHEEABMEE - AY L
EINGER - BEMRSHFHNSE - )
REMFHREBNEN - WA Ozobots
TR LR WEHEBE NS MRS -

https://ozobot.com/blog/creator-of-the-month-ms-ligouris-murder-mystery-stories
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