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Risk of job automation is real but
varies greatly across countries

are
32% of jobs could be radically transformed

*;‘él}.ﬂ.

Many adults do not have the
right skills for the new jobs

or have
(Survey of Adult Skills in 29 OECD countries, 2012/15)

OCED(2019), THE FUTURE OF WORK: OECD Employment Outlook 2019
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Global citizenship skills

To include content that focuses on building
awareness about the wider world,
sustainability and playing an active role in
the global community.

Innovation and creativity skills

To include content that fosters skills required
for innovation, including complex problem
solving, analytical thinking, creativity and
systems-analysis.

o

Technology skills

To include content that is based on developing
digital skills, including programming, digital
responsibility and the use of technology.

I3

Interpersonal skills

To include content that focuses on
interpersonal emotional intelligence (i.e
empathy, cooperation, negotiation, leadership
and social awareness),

Personalized and self-paced learning

From a system where learning is standardized
to one based on the diverse individual needs of
each learner, and flexible enough to enable
each learner to progress at their own pace.

Accessible and inclusive learning

From a system where learning is confined to
those with access to school buildings to one in
which everyone has access to learning and is
therefore inclusive.

*

Problem-based and collaborative learning
From process-based to project and
problem-based content delivery, requiring peer
collaboration and more closely mirroring the
future of work

2]

=

Lifelong and student-driven learning
From a systerm where learning and skilling
decrease over one’s lilespan to one where
ryone continuously improves on existing
s and acquires new ones based on their
individual needs.

* x}
=

1. World Economic Forum(2020), Schools of the Future.

WEF.

4) S Bocconi et al(2016). Developing Computational Thinking in Compulsory Education. Implications for policy and practice. JRC

SCIENCE FOR POLIYCY REPORT.
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predicting & analysing

/ The Computational Thinker: Tinkering
Algorithms Concepts & Approaches experimenting & playing,
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designing & mak
Decomposition N
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Debugging

> finding & fixing
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spotting & using similarities

Persevering

= z keeping going
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* 27 The Royal Society(2012), Shut down or restart?: The way forward for computing in UK schools.
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= Key stage 1 Key stage 2 Key stage 3 Key stage 4
Age 5-7 7-11 11-14 14-16
Year groups 1-2 3-6 7-9 10—-11
Core subjects
English 4 4 v 2
Mathematics v v Vv Vv
Science 4 4 v v
Foundation subjects
Art and design Vv Vv v
Citizenship Vv Vv
Computing Vv Vv Vv v
Design and technology Vv Vv v
Languages Vv v
Geography Vv Vv v
History Vv v v
Music 4 4 v
Physical education Vv Vv Vv Vv

* 21 UK Department for Education(2014), National curriculum in England: framework for key stages 1 to 4
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E((National Centre for Computing Education, NCCE) A&(2f 1,300 X|&)2 Sal MAXQ! md
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Vegas, 2021)
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Ejtiy i AIZFE T} 40 0
etz e e 0 a4
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SEMIAIO[HE QT HER=L0tt 0 0 2 34 0 0
S Syl AFEUER = 2 48 2 51 2 48
gz 3D} 2 36 2 32 2 36
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CH THERZR 4 75 0 0 0 0
CHEPER IS A AFEAZEL 0t 2 38 2 39 2 45
FargET ATEQOIZHI= 1} 0 0 2 42 0 0
SNy = il Sl SDEEI=AZ 0t 0 0 2 42 2 43
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THSYD raspslcin 2 49 2 49 2 57

105



Al sy L 184 | &9 | 284 | ¥ | 3= | ©H
47| SH3YD CIX| =AYt 0 0 1 27 1 29
471 FHSEN SRATE 0t 1 24 0 0 0 0
47| FESYR SEHEY Tt 2 48 2 48 2 51
471 e o= i [TAZEL0{2t 1 24 1 25 1 26
471 FEERIE CIXIEUHER = 0 0 2 50 2 54
47| LECIX[E ATEQ 0Lt 2 42 2 44 2 45
471 I pst:in) SEATE 0zt 3 74 0 0 0 0
471 e bl [TAZE 0t 2 0 2 0 2 47
47| Sr=oLmoj8 AFE A= 1 24 1 25 1 21
471 == T2 Hpat 0 0 0 0 4 103
471 =l SIE| V= pal=inly 2 48 2 48 0 0
4H LEHEIAHT ATEEQ 01t 1 20 2 33 2 33
Zd HESYL SHFR 3 0 3 0 3 73
ZH FGHMT A7y 1 24 1 25 1 18
4 SR MHT Al 1 10 0 0 0 0
5= T AOEAIEL0{} 3 21 2 0 2 43
= Sr=AI e ZFE ALt 2 21 3 59 3 53
o sl St AICIX[1at 2 42 0 0 0 0
4= AT SHLFR 1 11 1 11 1 14
ae de=R0 EXATEY 0 1 20 1 22 1 23

106



rinlY Ol0|AE{D DNA+SW 7HAdstm gl sta} sigh

sy Elme] stat El=Es Shls
IE NSl =l S0|C|oAZEY ozt 2 40
o224t 2 40
NS T2 EA|ASD} 2 40
MNezga

220t 2 40
HFozgy=Es 2 40
AT ASYn X7 [ A2t 22810 2 34
Ly ATEQ0{7Ltn} 2 32

SEAMATEQO0[AET
lc|I=EAZEY0{Tt 2 32
AT EQo{7Htat 2 40

o+ CRAZEQ T

QM| C|=EAZEQ|| 0} 1 20
Q1M QIFFRIIIO|AED HEEA 2 32
AT EQ o7kt 2 36

= HFATEQ 00| AE T
QM| C|=EAZEQ||0{n} 2 36
ATEQ 07t n} 2 40
o AT ELQIOl0|AE T QHC|EA T EQ {1t 1 20
PSEELlel i’ 1 20
47| 47 |Aoto|AE D HlU7Hedat 4 72
T SCplp i) 2RSS} 3 4
45 To|MAtEHn o7 [E2YAL 2RM0NE 2 32

61) E43t0 - 0jo|AEHT ZE(slo|o|=)2] S5t SAKI= S| /HHENFES EHZ DNA+SW JIAEsiaL 5igt 844(2021.58 71F)

107



o
BY s onata sz M ge
(1) 2L Qlma} $&t 2 7§ Hiot
7}, olmat sigt U EAE
0 (CIXIE 77| 2R#e) 2553TE HAIE PCE SHOR TEE0| /Ion, 717| 10 S8 PCE 5.0,

PColHIZ0| O &1, 11 2= EfSS PCELE LLES0| O =4 LIE
= HIASE PC (%) LES (%) EfE! PC (%)
==L} 67.9 4.8 27.3
Ssin 56.4 23.6 20.0
IniHim] 66.5 24.8 8.7
* &1 O 9/(2021), 20201 AESSHD WRAHSH AE| AN, SRNSSEHDY.

0 77| 1ThY Sl = SPUE PC 7IERZ 5.00H*0|H, &7t 5,80, £S8tw 5,300, 153w 4.0 &
O LIt
*MBAL S 4/ PC 4
= Fx| (cH) ZSahu (th) Satu (ch) =) S2tm ()
| PC 717
S T e 2.7 2.9 2.8 2.2 0.9
SR PC 7|1E
oo
P 5.0 5.3 5.8 4.0 2.8
* ET: OhYE 9/(2021). 20204 FESSHT WKLt AlEY TA 2, 2SS HES

O TYUAZIE 77| ERreigs MmEH, wX| 37|21 63 0fde| HlASE PC7t 20.6%0I0, wx| Al7|7H = Ct

7te= 349 o)y 6 O|LHe] HIATE PCE 25 BfXIH 57.9%= LIEfH

= HA3E PC (%) TES (%) EtEX PC (%)
1~3& oJy 42.08 49.68 62.48
3~6 OJLf 37.3 32.65 24.65
6 ol 20.62 17.67 12.87
* 2 RN 9(2021). 2020 ZESSW WRYESE ME] ZAF 2N SIZUSSIEHHY,
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O (=8| Hlxz) OECDO| &AISH S &=
HoZ LEHH (sl I, 2020)

= [{H] PC HIZ ZAl0fl 2fsHH

(OECD PISA 20180i| LIEHF St

FelLi2h=s ZALCHY 377l= 5, 32912 5H9

&= CHH| PC HIZ)

@
e
— @
<
- ¢
“ 883
- dg
-85
- O
--88a
- . < < - =
2885555 OECD
S S S S oo 8 e ey
ShR8e 0.833
S~ 8o :
o s % © )
“°S888ye
© o Vb~
©csc g8y
SS°
258
[SENC RPN
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
HHUUSKITosToooMMosUaoddU oo amuwal Woodhalmwmnsl
nmeo@ail I 3FFE T oo RN W of W0 Al I m KU N WMol il ol ond il mT Uk <X W ™
I Kmﬂ]j EEL T TahdIbaza R B oo Ly &~ A
=0 IF g < <l Wk w1 M = S M HU =) o |
iir 3 5 0 i i
* &m 2l 21(2020). OECD PISA 20182 Salf £ $t=20| weHEs 51 AN, st2unsstays=e]
O (R Qe 3= §i8l) LER, EiES PC S ZHIY 7(712] HIEQIT HAS St T4 AP= & stunE TR
3.87H2] midol| MX|=|0 US
0 SM AP7HAIRIEl A 4 SHa & B 3 87H0I0], AlE X St SM AP & TAl $5 ATHDH A
SAPHAGM=Z 71 B, SEH0| 2 4702 ZAKE|0] X|Hoj| 2 HR7t let A2 HE
x| | M2 24 Ch Q1 2 CHH = MNIE
WA () 3.8 3.5 7.7 9.8 3.2 3.8 3.9 3.5 46
Xl Z7 | zW | &% | &2 | me | M4 | zE | oz | mE
WA (") 3.3 3 2.5 2.4 3.3 4.7 2.8 3.9 5.4
* D SIENSSEFERI(2021). 2021E WSYHSIA AR
O (8l L A5E MY 88 = - S5siuo A58 484" = 7,327710|H, gt shud MEH =
1.437H2 LIEH:
*MSA 1 CIRE T17IS THE 4 Yl BREI o 2ElD|CiofA
o ot stud MEH o= EG30SsWIH 4. 28712 71 T, SefuIt 1 08702 7Fh ZA| LI
O &5tuo| A ot stu'd HFEM2 0.8771= ot stu'd ZFE A&40] 1717t =X| 42
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MaM 4 5t slmgt ARM &
g st mg
HEEA | el | # HEEA | ZElpclojd | g
| 12,140 14,095 3,232 | 17,327 1.16 0.27 | 1.43
E=Saiml 6,333 7,848 755 | 8,603 1.24 012 | 1.36
sstm 3,256 2,831 672 3,503 0.87 0.21 | 1.08
A 2,368 3,220 1,786 5,006 1.36 0.75 | 2.11
s 3 SICln] 1,573 1,702 653 @ 2,355 1.08 0.42 | 1.50
§ i EMstD 489 1,182 913 = 2,095 2.42 1.87 | 4.28
T xen 146 167 83 250 1.14 0.57 | 1.71
E42xD 160 169 137 306 1.06 0.86 1.91
E4stn 183 196 19 215 1.07 010 | 1.17
* &7: EDS, 2020.10.
O (2ME) Y8 n]s AES| £35h| 2siMs 2 LI U WS X[2I5t7| 28t Ciekst 717| S8at xiHAZR2
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Lt, Ql=a} 7iid ot
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(M8 PC 23 2irf) Ze RS0| HBEI= SR PCE HT510! $HERH 21T 1 PCE ARRE 4 YIS X/

0 & MRS M= Tl 4T, X2, B S U 20t BRE 90 53 040l AIYS 2E zES U A

23 FHX(VR, AR) 82 /3t 43I PC 23 T2

H

0 0I2 &3l OLPC(One Laptop Per Child) 2= % BYOD(Bring Your Own Device) & 52 &6 &

ot 717| 25 & 2& Uots op2stof &
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What is Machine Learning?

T gy 2HI= XS CHAE A& AlZ2lolM XIS
* &1 https://code.org/oceans
O (ue =7 318 I - 2| HE W 7= M@} /Lo R Il 251 /US

O XNEEH2 HI0IE 27! - 3 - RE 75 3TIAZ O|R0E 7L 210 iiEA| QIEX s 2= MIZS X&Hg
2 U= U'E =12 F29| E[MEMHA(Teachable Machine)0| CHEXR!

0 HUFS ML HURPF NSt M7} HLETH DRBOR 452 L BISORRI DRE JHY=TE A

0 MR T AN MAHHUME QBXIS HLE 1) ABSH= Al BEO=Z IRE0| Ofl7| T of
L ¥z 32 @7ot= HAE ZZ27a[3l 7|5t Al ES1E0Z oMt HIMEZ | 0l0|32ATE 0fX S0
chEER
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0 DG HUTTE HEHI M27} HUETO| F710] HZS THRID, AR AKBHOIM ARSH = OfLt
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IBMQ| Al =7 |=(Machine Learning for Kids)2t H|0|H AEZ| QISK|s 7|S0| CHEXR

O (SME) stu 2ZoIM AKB317| et wsnkd 7[8te| ug FHIXIt HAMSE MSEX| 2ot US
Xy
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AFEIA3(Computational Thinking, CT)2
oo

O HFSAIHO[ZHCT)?

O (Sk=% 7iE) 2006, 71417 | thete| Jeannette Wing = HREAIZE AFEOSIXED OfL|2t

=/

Lt Z2{oF & EHY JEX|0[XF Aln0[2t Yot Chsat 20| Folgt

HREIE| 712 JHEE EfHZ ZHIE S5, AlA"S 27lsta,

2iZto] S Olfstisk= S2(Wing, 2006)

0 (2015 T MBIV L} ZELAII FHe)) 2015 4 Mt nSaFES ISTEDL} CSTA M Holst 7t
4 52 sigtoR offiet Zo| Holat
~ 2015 7K Rl RSIVES HEEAMS HHRETIE| 7|= Dt 22| U ZHE AAHS 225(0| A
M 9l ClOSHE0t0] SHIS OfsHstn EolKOl sHiHS TEisl0] KBS 4 Y= S2{oR Ho(mSEe, 2015
SIAMIEiO| 519 24 1) T2 ZHE TAFEIRI2! CAS(Computer at School)ollAt= ZBEIAIT
ol 5t9l QAR AMAE k=1|, B4, IE, T4, TS MABIZCH, 0l sl Wioz Bisy|,

s |, 57| S2 MAlR

( 8= CASOIM Hefst AFEAme| 52 71 )

Computational

Logic

S
0g|

predicting & analysing

-
a The Computational Thinker: Tinkering
Algorithms Concepts & Approaches experimenting & playing
making steps & rules

/— a
(d Creating
designing & mak

- Decomposition s >

breaking down into parts =]
g A 3
v) Debugging ©
g /-‘- ﬁr\ul:’g‘;‘ﬁnng »
v Patterns A

spotting & using similarities /a w

Persevering

o

Collaborating

Abstraction
removing unnecessary
detail
working together
4
Evaluation
making judgement www,barefootcas,org,uk
© Crwn soprrgn 134 1000)

66) ZMwL7[&83| (International Society for Technology in Education)= ZS 7|SAMR0]| 2A0] U= TSASHA| MHIAS MESHE 012
H|g2| THA|

67) 0|2 AEESIIARS| (Computer Science Teachers Association)
68) F=Z weEe} 7|2 Fo| 7|YS2 F=2o| HHEFS!/ 8t5|Q! BCS(British Computer Society)2t = ZHE WAt HIEYFQ!I CAS(Computing

at school)2 Sall CHCHA0 | MRl WAL X[ 5! o m2 24 TIRY
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A

c apablen & -
J@L@mpo JIJ[IOIL wbglm::;% @ &a|E MA(Algorithmic design)E he T4 HAS
\ J[J( A Z272ielg S5t ASsHAutomation) HHAIZ 0[]0
ottern ﬂndlheorder/ Sye NS [SISERS TS
PT@COQ mj[lOTl %§ *‘» analc’be the data

“dlgorithnic v sl

design

@yutdimd

thinki
C?j HEENTER 2HIE 22 HR|2 25li(Decomposition)

St sHAIMOl THES QIAl(Pattern Recognition)dt #,

using a series

o ordered S[EPS

211 . TES(Times Educational Supplement)2| Computational Thinking — Decomposition and Abstraction

o (ZREUkT2io] H) OlolSOl A SHa ZES MB35l LR (210] BRul| HDS S = M=

A0 wgo| sy =71 F SiLt= SMV(2E S 4 QAT 2MT|E HIRTAM RE|= 00|CI0IE HMARSIT iMstn HE
ot= ES B2t J27, 22 & &5 42s Zots AI—~o| =0 Zict

ORDIXZ & w0l iy =71 & Stz 22002t & 4~ QT Z2TYS HiRH SLe 24| sHtE Ha
o o3 A2 ZEe 2 LiF0] d2isks B, HEXQl HES Hot JiMshs ©, 2XIE siZEst | flgt ZXE MAXS
2 A5t XiSElch= B S Hi2Ch. O1FA 22Xz Atn2E ARSAIH0[21 oict,

Of2fet AlnAl2 BE F0| ZA[sHZn &0l =l SEE 4 AU oI S0i, Z2TUS +Fsk= H(CHZ)

Ir o
==y

]
12
re
Rl
Fl
U
et
+
$0
=
rin
_|T'_
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Innovation and creatl\nty skills
To include content that fosters skills required A
for innos n, including co % problem O
solving, analytical thinkin eativity and
systems-analysis
Technology skills
To include content that is based on developing
digital skills, including programming ital §1€
responsibility and the use of technology

Interpersonal skills

To include content that focuses on

interper emotional intelliger {i
empathy, cooperation, negotiation, lea
and social awaren

learner, and flexible enough to enable
each learner to progress at their own pace.

Accessible and inclusive learning

From a vhere learning ifined to
C{Q hos o school buildings to one in

veryone has access to learning and is

Hfrc, ore inclusive

Problem-based and collaborative learning
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71) Stefania Bocconi et al.(2016). Developing Computational Thinking in Compulsory Education. - Implications for policy and practice.

)
72) Google Inc. & Gallup Inc (2017, December). K—12 Computer Science Education. State Reports.
73) The ROYAL SOCIETY(2017). After the reboot: Computing Education in UK schools.

74) S Bocconi et al(2016). 2 wE IFHoM2| ZAFE M 7, JRC SCIENCE FOR POLIYCY REPORT.
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{ Mathematical Thinking & Computational Thinking )

Mathematical Computational
Thinking Thinking
Counting Prob]em Simulation
Solving o
Arithmetic . Data Mining
Modeling .
Alaeb Networking
gebra .
Analyzmg & Automated Data
Geometry Interpreting Collection
Data
Calculus Gaming
Statistics & Algorithmi
Set Theory probability gorithmic
Tepeleay Reasoning
Robotics

Programming

* &7 : Larry Flick et al(2014). Computational Thinking in High School Science Classrooms.

o (HEEATR 1.20| Si2) HOIEIS AISHLHS, SE0] thet KIAS AatEiAmatnt ZEEA 2] 25
o= @7sl= SFo|XI3t, AIB201T HlolEf Djold, HOIE XISE 47, T2y S2 HESA 8
20| 27El= 10| SEIS oA 4 US

o HOIE] 24 BHE0IMO| 4:3tut ZEEIADO) Wl Afzl(Sneider 2(2014)97} HAlgt AR 218)

— (4atEAmE) SISO AE HOIE7H IS 1 24 Clo|EIS TR II5IRIM IHES QolRtaln 0/
WMo Faist] 4315 Aty 0|20f

— (HBEARIR) BIB1, SP0| B A2 BHGHE 4 G2 MES 202 HofEt Q2 uf 2t
TS Bt BP0| OfE17| W20 HEEIS Saf 012 A5k, ZEE] HYS Ul ZEED} ojef
IS SIS f sH2isH TRYOIM ZREADE0| Lo

83) Larry Flick et al(2014). Computational Thinking in High School Science Classrooms. The Science Teacher. 081(05).
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84) Sarah Mei(2014). Programming Is Not Math.
http://www.sarahmei.com/blog/2014/07/15/programming—is—not—math/
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