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AWE
CNN
DBTS
DigComp
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ML
NLP
OER
RNN
SDG
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TVET
UNESCO
VR

Artificial Intelligence

Al Teaching Assistant

Artificial Neural Network

Augmented Reality

Automated Writing Evaluation

Convolutional Neural Network
Dialogue-Based Tutoring System

European Digital Competence Framework
Deep Neural Networks
Electroencephalography

Exploratory Learning Environment

Education Management Information System
Generative Adversarial Network

General Data Protection Regulation
Good-0ld-Fashioned Al

Information and Communication Technology
International Labour Organization

Intelligent Tutoring Systems

Internet of Things

Learning Management System

Learning Network Orchestrator

Long Short-Term Memory

Machine Learning

Natural Language Processing

Open Educational Resources

Recurrent Neural Network

Sustainable Development Goal

Science, Technology, Engineering, and Mathematics
Technical and Vocational Education and Training
United Nations Educational, Scientific, and Cultural Organization

Virtual Reality
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2.1 A2l gzt £

‘0lZX|5’0|2H= 20{= O|= ofo|d|z| 1 LhEtol CHEMH A CHSto|A E2l 19564 YT E0lM “X|sH ol
7|4, E5| XsHQA HAFE TEIMUS TtE = Afsh ZoP°0|2h= R E MS AFE|ULH (McCarthy 2.
2006, p. 2).! 0|2 4] | S0, Als MUEOZ WHAMD, Al AS(HH7])2t =] H=2A LH
giCt. (Russell, Norvig. 2016)

Alof] CHEH Fol= A& M o6t HE =0, X| 5702t Al= X1, 8tE, 8, ZM61E, 20| 4=%g, X0
SRUX], 2kA [ A7k K| 5°0] E 4= L=X[0f Tt Mot o Z ol = E M 22 A X152 EH IS 2
AS|A| =|ACH QI 0| 2, Zhong= AIE CHS 2t 20| o[ StLt, g & A= 71A|o[c. (COMEST. 2019)
ASX&2 Tt sl IS Bots 2 Q1Zte]  22[= 0|S3810] Al SU|AA AHE Aob7tD UL HAlZ o=
XS 7IA(0l ZIchet o| Aok AS SEZ o= ¥l 22X AI7|2S st 2ok M O S0{LED UCH AL A|A
1fst7|=9 e 20FOICE, (Zhong. 2006, p. 90) B2 AH 2| H|0|E S 2Bt 0= H|O|E{ Q| 7[stE 42l
B7HIBM2 QIE{H 3! 22 7| =2 QI8 0§ 2.591 HIO| E2 0| 42
HEHOZ Al= REVIES QU0 XA 7= 5HE S HIO|E 7} Y EICET FAEH 2t AREH Xe2| 32| 7|stg4Eel
Off Mi&fat M2 AR AAIE ARE AARQZ FoAL £ FIHROO HA 20| 2522 JLiMat= 404 ® #HAF
CHLuckin 2|. 2016). RUIAZ L5te] A |=REII#S]  ETHEQ| 7|2 27| E)2te & 7HX] 3%t 7ol Ar=o|ct
(World Commission of Scientific Knowledge and Technol-  2!G|0|E{Qt Z2ist HEE! 7|2 HAlz{H o] Z2|Z0| L0t
ogy, COMEST)«= Aloi| Chdl CtS2t 20| 2| S LiZICt W2l HO|E ZQIEE X2|5t= o Xl Q40|03

<H 1> MH|AS Al (AI-AS-A-SERVICE) SHE 0f|A|

Alibaba Cloud H|ZL|A, 2 AO|E T 04 Z2|A 0| M2 @712 X|@lst= SRE2E 7|8 Al =L https://www.alibabacloud.com
A e ZHE] HH, 10], M At A 0| £ U8t Al MH|A, TR Ml 21 RS M&SHH 1%, 236t 0 92| AF8EE
mazon N N " R . -

DE QE AA T3S Kot WEH RS 71X £ Q3! https.//aws.amazon.com/machine-learning
Baidu EasyDL T7H0| IEE ZHMSHR| Q4 DEEIO| ghEed A| DHS 23 4 QIS hitps!//ai.baidu.com/easyd|

HRRZE 7| A| Bt&0] 2 YT 7|28 SRET MU 7|4 84 7|8t ofZ2|A|0| S A f=6tn 1t £
Google TensorFlow UEE X|st= &, 210|222 W HFLIE| 2|AA O DAARS T3lotAIE £ AE QF AL ZHE:

https://www.tensorflow.org
IBM Watson SAE ZSE 0 AEQI0| AR Al =719 A H|O|E{0f| 7kK 2 2 S https://www.ibm.com/watson
Microsoft | Azure OHE2|70]M 7, HiA| & 22|S 9I3t1007H 0| 42| MH|A et hitps://azure. microsoft.com

Al7|5, HE QT X AA 2| AAE OfEsto] M4 7|40 AE E=T|E U3HE XY, A THEHE HEsH D,
Tencent WeStart n ao Ao Lo i~ . .

Chot e 220 Al 7|22 HE Y MEBE https://westart.tencent.com/ai

T M7 =20l 715 o7 |t 2 5o B2 7| US0| OfF| Fu st ME| A AP SHES HSt D M, 1 5 LRE QE AA0ICL
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OIEAE, 7t 2 2t/7HE 2 Qs HAlzd Zae|Eel e
IHAB HESZE 40 Ol EXH3H AT k2, &2 Al
el Jutet oKl FA=2 M2 2 H2{Ci0l27| 2Tt
2| Fo Fudt Jidat ‘AH|AZ Q| 0]8°0] EO[siE o It
Al

HARITE CRAl 2ol S| R2[= ‘o] AT of 22 A=A

ne 14 oC oot
2
o

1t
— -

XISMR| F43t o0 F=4EQl Al A7t £38E|f
Ak Feie] Alch= 2217+ 0L ZAIA0] Al2l &
2 7oA & A2 2fn|tct (Lee. 2018, p. 13).

CIRXIS AESt 0 HE|XS FASH= O A &= 20 2t Ak S
At A5 oA Q1A ADFEE 8l 7[E} FX|9 A28 K13 5L N
QL HI Aol 0|2 7|7HX Als HH O 240]| 27| Moz HEE 1 A
Ct 3| =g £E22 2|2 FO0[Cf, 2|22 HHl Al 2=
B2 R U LY HEI2|0IE FY & U= ME2 A4S N
wot7| 2o AIE H&$t A0|Ct (Trafton, 2020). & EHOF | AZH
S S8l 0| Y= E =7| TITtotn + Ao A S Sl &= E TE
61115 BY XIS 7HMSHI| 218t X-rayS E et o| = G4 2A6
S 2l AIE HE¢H A= QACE OfZ{Sh At S 2 Soff At elzt
2 A ASS & =+ ATt

(Michael Brady SA XL rfst
Review ¥ GE Healthcare 212)

Ch2el =8E Al 7|22 HEO| &RIZ 9|29 ‘MelZtehE A

O -
2 = ASE AIAFSICE:

Algt xpS3tE TEMAC| HE2 FF 9J& MH[A

A3 20N olzdo| &80 Zad Hol2t= LEE

SeCh J2L YAME T dinje] Ze7t HE o
d4delk| D QlC) Al oz MEJIe| A=E £0[1 A 7SS
Xgo=M T2HAE 3 A M & ULk (MIT Technology
Review ¥ GE Healthcare. 2019)

HE O 2HoE 0 = A9l = 20k= Ch3at

m

Ck:

HI

A= X'd2|E (Auto-journalism)
Al 7|2to] 22H FA DLIEE 8l F

NESESRSRS

HE &, et 7|A

AI'HE MH|A (Al legal services)

T T RS 24 U A I, B A 4

on

Al 7|4 of|% (Al weather forecasting)
2THSH 2Fol Bk 7| ClO|E Oto|'d g el 7|4 ol % 8 &

Al x| sz} EtX] (Al fraud detection)
AMEIIE AL ¢igg X502 DLIE{~ISI0] THE 3l o|A Rl

(™ 2E A A S

Al 7|4HH|=L|A T2 M|A (Al-driven business processes)

Mz XSt A 24, FA A, ZEZ2(Q #2[ §

AOHEAME] (Smart cities)
AI2t AFZQIE{HI(I0T)2 ZE23t0] TA|EHA|

ARESS] B HD RISTHS A S
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Al 22 (Al robots)
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210l HIAIEl AFHIE 2 Al AF2[0| 2HE O 7|0fsl= S Ho
FOAX| 2L Al HF0| =2tS 2L z
o

Mz ¢ EICh Al 28 AR = CHEat 2Lk

1EX (Autonomous warfare)
AEote 27|, E2 9 7|Ef AL EH|
EiH|0]3 (Deep-fakes)

IR AL XtE MM, SEA & L2 WHE FK|Ql1t Hof

&
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2 Q{0 QIZHC O WTH 92 B dlE2jel2 of2ist 43
Ol HIZHEl AZOMBE AHAlOIRH: HS X% BTt ULk oIS

: + <EE

o
SO, HIAEI B x20| SHeY U Tast SE0t
I

HO|C}, ®AX{2 Al 7| &2 OH R F|ofet = QACt. O

rul:l

T

L=

m

N

0]

Ot

)

o
ox

ox

0

=2

™

)

X 08
0%

k=l

11



Al 7|8 e Zaret 274

=
A
T

2} ZOolollM Al2| HE2 S&Tl 7|=2| Helofl w2t Z2tX| =, Al XL 0folAl= 2Tt OFL|EL 29
F9| s3f, S| | 7IELH[OIE] Ato] A 70| RF1EICE 0] 7| HES LT HESIE|0 2

KE20f| A

T - —
Ml 2I{Eo[oll= F2|7F QUCLSE kA 2 FollM = S Al 7|8 R 7EKIS 2HeFs] 2915t x} SiCt,

MEH Al (Classical Al)

Iz Al E 7|8 AL, HE X AI(GOFAI Good-Old-Fashioned

Al) SOZ ATl gM 7|9 “HEHOI A= IF-THEN Eit 3

xlof| et AFE{ 7t & 27| 9lclf AHsof & 7|Et =A

2 =2 A HAE 7[gtol Al ‘HE

Tt NAEPE of8t Flgt 8 ofollo HE
of

= e,
S PIoH JHZ = o ALt AX|L|of=Zol2t

L2y
oF

o Mo
o rio

>
_|T|_
>
=
[
o
e
M

r=
0fo
oln
il

=
[
o
09

-

N o
4> Pt
MO
N
>
[>
=
rlo on
A
bl

T

o
i)
pal
i
ry
I
>
=2

N
Ral
>
o 1o
H1
m J

Ot

_9_"

il

Rl

>

=

Pl

r

il
om
ro

o T
T. )
oot
> rr
Mo &
No0A
~ o
s H 2 ]
oo oo
2 m
rr

(e
1=

Ol

o 2t 41 82 A K
N2t orjo Ho
o 2 >

I
rr
N
rlo
2
i
Ral
5
inl

=
oy
_I»'O_I-
rr
2 1
o
o

HA2{ (Machine learning)

Kol M|, L= QA XAIEFHUAE XY
2 Ml 7|He] 2o = JHss Tl A
2 1Al Bo5t= tHl CHEFS| HIO[HE &
St Of2 7HK|E o|Fdt= ol M 8El= RES
o|0jofl M ¥12|FS A T2 a2 o] OfL|2t St (Learning)’
O 2 X| &S},

st

bt
ry
10
Hr
4
r>=
=

k<)
I}
o
=
T}
=

1z
of
w2
=
—
o Mo o
1=
rob g — Qe

4
n

ro
u}

DAIRld T2 WAL 3| T B, MRS B, 2ot ot Al
JHRIZ PEEICE AT SA0 Q1Ztof ofs) 2ruE 24 Fo
AFEL 5 oln] 2hzlE HlofEf7t BRstct. Xx s&e Hlo|ES
22Tt 121 X0f RS CIO|E|o) HE 3 4 9l DU 7AB
Ch 02 501 AlRtOR 2u2lEl AR HlO|EIS 2R3t0] MZS

Artificial Intellgence
Machine Learning

Neural Networks

Deep Learning

12

APZIOM AFEHE RSS2 AL HIX| = S50 = Ao o
FO| H|O|E{ 7L RIS = X| 2 C|O|H & 2 R5tAHLE 2HA-SH0
tX| g4=Ch HIX| = 52 ME2 CI0|EE 2Fst= ol A
A= H|0|Ef, & ZE(Cluster)2| £HZI {EH S otl=
HZ OICL O£ S0, X 742 C|Oo[E{of| M IR S Kot =

)
Aot =AHE AHSL= AMEY = AL

o
=
09

o

=

mo met ok rlo rA
OF

L o 4y

HO

N 00

=
=

o

m

N
B
==
>
H1
10
o>
N
ful
m
=)
m
HU
4
m
=]
0=
rn
H
i
o
|0
Hu
jin

Ol Zot StE2 I EMS HIEIOE DS X|&E 0
|42 st&0| Al&siM ZIdl F0[2H= 2|ojof

h 2RES =E5H7| sl =7| H[0|E{7} X
tot 4O 2 M| 1 0]
i 22 ALKHO

tCt oI S01, A2

or

|0

Hu .
M o

[0 o TIr
o

}

Okl
0
rir
i
2o
fir)
o

Jal

fot
Ot
X
-
qI

Jal

for

Do

=

rir

o

HT

0%
el =

rot

m sy

[e]3

0
]

8
I
HL

kel
HR

Hu

J

=3

rx

ot o

4n

1 opE T

re fr

o

I

ogt

]

o

>

N

of

mpn

jo

=

ot

oX

4o

o

M

_\'.I_

or fob mjo
oFf &
<orot 0
ok

o

nz

ro

HT

0x
o

ot
fjo
ne
k1
0ot
ot
Ofbt
1]
mjo
1=
ot
4>
$0
rir
olr
i)
fjo
in
Ho
oy
ot
Ot
X
ri
iul

QEH M2 01 | 22T 7HE
2 O HX|X|Tt AR 2= AlQ| 8¢

2/ 212IZ0| HBEX g2 B2

|0
Hu

HzZ= Al’t S22/

| HEto= EREICH TS| M

H
e

O] U3, MOl

QS LETHOpFSHE Aol 2E Al HIZHI= 212to|
H Hyst 2HX7} HRo|Ch AIZERIAN X2|E £

S HOEXIL SHARA M P2 HE X

& e, oot Rofof| HEE|= 32 MZRE, X F

|= =2 S} 2H HE27te| Asli7t ABEUS A

5 IGOFAI)7t SIRHHE|X| et A= 2

3t AIS 781 4 2Lk (Sauberlich, Nikolic. 2018)

1>

o2 ne
J
m
rr
ox
> 4o
2

o

=2

n
o
rlo
ra
ofm
k-]
>

TG

0F2, DiAl2fi S QI7to| B ZB0|A BBl AF|2 SHAsHx
SHABHAIE S Al BAlRfe e HEo
E

HIO|H E 1=, Fa| S X[Hst, Al

)

mo ry 1l
[
n

= o
A7 3 2HsH, ZS MY, oM, Tt ol

M
A
o
J
==
=
re
1=
-
rrJ
o
=
Ral
inl
=)
m
=
L
[>
=2
Rl
-
02
S n
o =2



ALZIS Aldeh £ QICHD SHX|2H AN 2 O 7= RAISH 20l&
THH|DEEH 7|2 S 20| OF st ME= Atgto] XY AlE
sfiof FUCE. OREZERIZ, XH2 8 XH2ol| AH8 Rl Hilz{de
HMMOZ Atfof| olof 2HHREl Ha| ZHe| 4-uat 7 o]o|X|of|
O|=3HC}

A2 2WE|0f| = Amazon Mechanical Turk®et Z2 A|AHIS
AH8St= H MIA| AtEtS02t @I, AL, Eel T 5l 232 0Lt 2
2 3712 2| AHoo||A| 2t XA S OFRAAMCE HIO[H 2t
o2tz M2 ZH| #Xo| = EXts A, =2 BX|T BHXt S
Zh maf|Qlo| 2t EM|(HAlz{d Yne|F0| EMSH= H|o|E)o
A 2t 20|= XS At

olZ MAY (Artificial neural networks)

olZAA(ANN, Artificial Neural Network)2 ME&HA Al
Yo XA 2 B2 Al H2HO|CH QS A ZUR S,
£HZ, UHZ I £F A0|Q] Chpo 2HZS Eoltl A| 7HK|
FHo QIS FHOZ LMEICEL HAR L T2MAE W= 5
OF 7 Alo|Q] HAR | 2O E 7tE K= 2ot ats U HMop ot
Mol M ZHEH, 0|2 Solf 21 AAYE2 M Ci|o|E{o] Chet £
£ Aldke & ULt 0] ABX|SE AHEst= BT Al2l|7} viZ

rlo
1C
rlo
ro
Ok
>
ox
EI_
10
JOI-
>
o
o
>
=2
Rai
2
bl
o
n
b}
o
o
=}

mn

oY re ©
ox
oo Ol
o
2
Vin)
=
i3

P
Rl
lo ok

N
It rlo
4
N
p——
MHT
]
olr
Of
n
rir
>
n=
°
o
o
Rl
ml:l
of
==
1o

>
El mY o2 ok
oo mo r=
ry i
M

o 4 gicte Zolck, B2 J|gse

LS

[
0z

W e
i
0z
<210
2
St m
>
rQ 0%
4 my
oF 02
El <
o H1
gt
rot
o
40
Tl
o
St
Ot
N
do
els
10
>
o MY
o I
>

4]
(=}
@
[
~
N
o
[t
©
o
o
%
>
1
rr
ro

)
=2
Rt
re
Iy
rot
H
rin

Al7|HS Sl CIYet Al 7|= 70| O| RO
o
I

Ol2{st 7|=2 ‘MH[AZ A HMSE|D UASH(E 1 HZE), ANM
(=]

nr re Kk

0] A{2|(NLP, Natural language processing)
Bt XS HIAE A (HE MH|A, 1 S2| 90| M), XtS

— Lo

FEE, Al ZHQIH|M, 28 MH|A ZO0F| ThetR S FLo{Aof| Xt
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<HE 2> A7l

NSHAE WY (RIS Ad2lE) | oAleid(EayY), XjAoixzl, S4Ql4l, ofojx] AlE Otter’2
RpHo] Xz2| SEIAE SiA (HEAMH|A 3 HEAN, K-means A2 9092 M-S Holrt,

HA 5) J2iLt 22 Al THCHI0] K|

ob= ot 0|40 IIH2 Qlg Z0lats

ox ol ADIEE, JHQIH|M, 2% CHR EH 2, E6|RNN 7|te] | oAE ULt Alibaba Cloud®

SOl M= SH XA Xz| 7|& & (LSTM)

L= QA (MR S), MM | Hal2{d, E3] CNN 7|Hte Google Lens™
ojojx] A Q4] (@M 25F), 0|0|X| = Hald

(5mlo|3), "te =

ZEE{ A Y OHEL, HHATE | GOFAI, AR Chedt Hefo] 0 FLS L2 XI5, | Woebot™
AUSHO0[HE | Q0IR, 7 SHIX;, ADIER R, g5, 9lKl, 22/ olof £HS HF0

Y st s Uch

2451 ol Al HAE A=, WS EX|E S8 H|o|X|2t HESR(Z, ™ NAXMCZ CHot A23LE H|F0| Affectiva’t

seET 4H BN HAl2{d, Eefd Hete| oLt &=Ho] 6fX| 7+ ULt

o sjst W 0%, Mz x|, o= FIT mAl2{d, Hlo| x|t ot MS M2 S5t 704 o= S H0[Ef | Research project!

E1I<:IEE1 ;lol'-' ChU) 0|5, HIZL|A T2 AA, HES3, HZE ofol'd ofZ2|AH 0| Mol Z7tst 2 Uct.

° ADIEAIE| 5 HIE] 0{Al
AMZL Sk laXE, AL EZ S | GAN, Hefd, A2 A | Al 2 HEHf Q1= GAN2 Dj2He| S8 This Person Does
2y 2op7t MM o x| AUCH GPT-32 | Not Exist!
Ax s o7l Xp7|3]7) 910 RIS oIt}
SAEE MM A Qrk Dai e | T3
BlAE = O[s{5HT| = 2BiChs (Brown /. 2020)
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Al MEIE2 Z Q3Xls, & QIZtat RAS 229 QISXIs2  Xls 7[8te| ClHIO|A Q| H| A2t MH| 2 CHeE ot= A2 27tstt
GASER|2E2.1 MMO)| 7[=E Al M8 20H= AMA F2 Hele|of  ChAI= S FP0f|THE-SSHH O] R X O HetstH| 2t E5HK| =
OlZX|5(Searle. 1980) Atflof| 7H2Ct &2 HRIQ 23X 52 Y=L F, OfH J7|5(CIOIE 0l A THE AlM)2 Q17+2 SI7HEX|2t
X|238| MEHEO0[0{A CIHE 20f0 MXMMOZ MEE £ QICL o T, M JA=CHEtet 22 7152 24| O 2Hoo| ==0f O ZIC Al0]|
£ =0{, dME 0|Zt= Ol AR El= Als TA A SRS 2ot atEE o Zot= FUtt2 Al 7|=0| thgt 27171 A2 Z40]=t
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QICH S OIS 52 QUZITHE X[S&0|H AX[oh Zg Mt L7 H2 20 FY X &S|X| =L (Lucas. 2018) AlQ| ZIE = 0
o, e st 2kl HIO[E|A ZR8 RIS AlHSt Q= A 0|2 X|X| YSX = PECH= o|FE QT (Marcus, Davis.
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Al7|£0| 832 HE MIS&E BRI OFEl2
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x

Al
(=]

=i
= S

tAI 7|1% (Narayanan, 2019)

—

=

=)

HSTT), Elmo[=2

g
2

AE ©
’7-6—

.l

M HE
b |
HFX

2
=)=}

3
)

A
2 “HH 2 W=

X
(]

214(e=

o

A2 7|

1
S
Ho

-

oLt

=21

St
of

b

u]
—

Foio| e &> 0| 0| X| 7t

HZO| A1, &M 2 SHA|of| THCt=

0f| =ES| 2l A= R 12| of O] K|

I

=1
2f

SEAX
o420

[e)
=

S

(ibid.)

Al 7|

SHX|= gERI 2t IH Mg

Al 7]z (ibid.)

e

.
o
[

tzkolo|

=

1o
Uk

«

f

=
—_

tCh= FolCt.
AVt &P EE

2 Zk3HH (Mitchell.

|
o

T —=
[

O LA
—

0| of

=
2% M B[ HAE F St

[Lm

Yot

3

—

.

o
M g ¢ Hiet Z0], oixf Al2| =0 &S 7H4e

o
I

)

2

, (2) B0 o

b

al
—_

Lt
2019) &3

t

.
o

A
e

U= 2Ot B, =
tCh= ZO|CY.

t

HEX]

=
=

A

=2

7

u

A
0%
_In._
o

X 25

X
T
L
=

10|
—

K
A

3

Al
(=]

ES
o] Eaotrt

£ AT OfH|

1Al % GOFAIQ| 7|5 & &
Ch. mf2tA OHE =42 He
&5t Jhx|of w2t

oo|
ot

0] JHEE|ACE CHA] 23, 7|
o

—

w2 FZ&lof gtrt.

(Marcus interviewed by Ford. 2018, p. 318)

XHol A
Hestx|z 2

=

H

4]

X
(=]

b

Olo|ME7} sjof & 2S0] Urt. Hefd2

20 S=0tx| 2Lt 5

Ch. &t
M3

I

QAT F I

Ch m2tM AIE

]

b

a
—

-
.
o

28

MZ2 Sot7L7t LIEHE O[Tt

stok

o

tct. 14

—_

3]

=5

H

=
£ & 708 7|1t oo E
X
el
o

x{ol
=

an
=

[B31e)
ol

olct.
=
NEZ

—

tzlof Q10f o

S8
ted
N™ S

(= ]

.

o
t2 17k ol 22( 7t

npy;

o
dHOo
[T = -

ol
M
—

of

b 7| AH =t
=)

~

(=]

o 1S =58 olCt. O] HA &
2
M3

A2l Al

of gg=s ojck= Folck

20

E{ AIZFE|ACHTuring. 1950). 0|F Al=

ol M ZxHt AT Al =

s
7t ot

.

te= QICH (Narayanan, 2019)

=
=

3ol 4
EW

o| AbT 3}

k

(o] b
[y

, %4 72| Hlo|E] #4Lt 7|
2|2 A0 OLAXI7 HREH HAl2] 7| m=Ct

3

tCi2te, 0fH3| XIS

(Leetaru. 2018)

s
0| = =5t 25HO| AIZFHOITS| 7|

OflAf QIZhCt of Fetst atat AzHo| 7}

SoM7te Set S0IEAE

-
o
cC
o
A

CH4o]

-
ot

| Zx{st ofoi| ch

{0

2 Qstrt. (Holmes 2. 2019)

A (Moravec’s paradox)O0|2t &=L},

ar

—

A
15

Q72 O|{FLCt. (Zheng. 2017).

—

—

b}

(augmented intelligence)’© 2 {745t 1 0|0|X|S 24

.
o

HOF

.
O

XISHALHIAH A

tct. (Moravec. 1988, p. 15)

.
o

|

=

7



—

A Lt+{0{0F B

o
o

tat 7| A7} of

7
[y

[e]

= A= YHS MAGHL,

AIE &0t OfOpE0] K| A M S0| HFE L

—

—

|ofl M

3

StCf. i

Ol =0, AREZHA 20 2

=
=]

T N._mwm._.r.._ﬂo%m. K& 4K o Koo MR K
=3 ol A NS RIHO fo Al o U0 or & 0 00 N
0H A pr o0 T o g o2 ol ol Al o o o< T Mok
a Jo 3¢ KT oF 20 of © S U= I ey
= m.__u._m__...___m_u_._mma_..._._u ﬂ:._.%m_.uzoﬂoﬂn:_ﬂuoﬂo_m
X - R = T w ol © ol Ko = jg -~ RO
5 9 SeExLgms tdsgalzdpmw
B S oy 2ol Koof K w S KRGy Kool
ol H o= S oa R = u:.._n_._._.§E_.4I,ﬂﬂm._=_oo“_
Kl s o W ¥z EEX T o o ol R < o X RD o KO
awb mﬂlﬂm_.m.A|.k.o ﬂ%w:..:&@&ﬂm.__mﬂxo
ol - = N B = ~ ©O =S = -
¥ i s m oo i B g smERFLIEEED
. RE = [ =z ol = ol mu 5 - X, & X 3r n0 00 O
o T3 ol K =< Ml o = of 51 51 od =
o = W ® ~ ol B U = g & o % Koy Ko yg of
40 o doH Bl RN ol = T
K Ho R ml o = N - = © K
K Mo N Koo U KR NS S or ™S - wm o Uk
ol K g MR R L|_mM|A_..A_.__Or_H__u|
RD n_uﬂ.@._.ﬁa_@ﬂtoo_e ﬁﬂxlﬁm\mouzmu/_:wom_/mﬁ
- =T o ] —_ — m._| Qo -
o w1 OF oL 8L of o 4y o__MEm_I._._u_.mﬂ_a%x._
o & W Al <X ogu o Mo A S T N L Al
= T oo T NI g O T -
Mo Il g oo 88 om0 X 2 o mwl go Mo =S o
ol ot = @ K ogosr <X ER oz Mg
= < n of 0B oo o X SWEgE Doy T M
o ol ol 8 ® T E oot om O S g IF Joogp K
Rl | ey oo Ihm S WRB RN g g0 ROK g <
H T ol N O Hl Bl 1o RN fol < KRN0 € o2 @0 H M S H ol
T K 0 o | TR W RN T RO un_.x..._mo____
g 5 B0 ke wESINB o = R o
N ™ o n 2 . Mo of g1 H © x = ol Kf r
g X J| O oS % mzmHpoags oy o Ju
23 T 2 WwES Dz EImMZE 4 8 o
10 1 = 8 o E— = o I _-
= 5 & moN Ehadl8 g@ ¥ ® @
. T = Klo - ou < pUhml &Y 5o S W=
s o S Blag s wHgpolsds K S B
(@] e b = —
i~ KO < Ko ®F £ op U0 =B = 5 <k 1 < M
2N o o — G £~ 81 g B 9 = o T &
=6 =< =0 mora K =2 MLI..__/.AWL:D o5 H
S ul ofo 5 m»ﬁﬂh amml._u_%:mﬂm_%ﬁx_.% wu 31 N
mm:t o - Mo s a._m_us_ mﬂhmwo_ﬁamm =R
2 o - S B r S e S S G i G T
o ar = S Boy i i8agdm®E . Qozm
33 o = > RapEp 28R oo lowseeT » A=
3 = e —_— od LEM_/I U = 2 — .
SAR] k7] ~N o - Ho S W F a = O
R .mu“U ES %ENW%EHEEEW oS
= =1 oS L = o =~
o o & £ Yuwms FUUmprIERHU FCoW
o T O~ T e RN R SN e
U = a1 g A EE THE"Tam &< o X
ooz W m OFT pREpo X ARk <
[y — =l w K 0% g0 oo T o T KO o
ENE s = s g o T < Mool B g
=0 < T W omogr Woos E O
<l R 1| S NS D UK o
X © < <+ Hol MMgilig ® ~ W T

L

o2 0] 23t

Xl
s

ol 2lEst=
C}. ofoil k2t Al= S4tE2| 2Rtz

A
=

=In =Pl

ol Al
yL="

E|

g

-]
(Joshi, 2017 © Courtesy of Guardian News & Media Ltd)

16

2



ug 20f0f AIZF ZE Al7|= 1970E = HE2 SE2Htot
SIC GAl AT EE2 AREE Lo 7Y X =2 thAE U
S AL wAte| AT X == SHEXIIA 7+ 2atEel H
THOX| 2, RE WAtel SHEXt Zho| UCHY X[=2 =27hst ¢
0|7| Wi=Z0|C}. (Bloom. 1984). I}2tM £ 7|8t| Al 7| &2 E&
St M8H ot A lelst otE S IS E RSt uA St =

2{0| O|R20{HCt. (Carbonell. 1970; Self. 1974) O|2{st A|=2
SE WS 20 M A2 HE2 S CHA AI(SHE X HILXIY =

et AAH CHY Al(w s 22| X|J)E ZEEH0] of2] Weoz
gEXsH 2Tt (Baker 21.2019). Al 18 70| A SRR 2 tha |

= o o LT
W HO|M AIE &0l 283t= ES Eo AITSO0[ Al AlTHo|
A

o Q=S CHHIAZ|= A2 of0[stt, ot W 2Ok M Al=
4,22, 984y, X&7tsd

=
WK EHEOLLIEL AR E, H 2
52| 0|0 M= 8lE &dta %!Ef AIE 830 FATIE XtE

tot7| A=

tot

A HXet o[sh 7t M| 0f0Fst7| Wi ZO|Ct.

ol Aot w0l RS S0l X|& 7hstt EHE Aok, Al
O ZE HolS mefsto] 283t o, flES AEst 2totsh
Of BfCt. I2tA SDG 42ts 35X SHE <l AHHQl u S 7|
HhS Z2EHOZ MU= WHS XSsM HES 2RIt UCt
Lot WSO AIE ESHHE O d2tE 7HE 5 ASX| oZE H|
712 ERIIUACEL AIZEIIME = A= TEeH 0[H2 FAATR Al
7t EHX| R¥sh= O REIZ EHE=TL OFL HR2 WeH Q8
EEAZ = ASK|= oG e = JAST? Al= O 2H 28
2 A=E7R

3.0 WO A FMIE SHAIEE

3

A
[y
o
s
Ofn
r2

ot
>
fujo

X|@SH7ALL Zotste Al =72 AHE 2 7|6}
M(Holmes 2|. 2019), COVID-190]| 2 &t
S7HHACE J2{LEAIE &850 Yot

X|, Lott 2 0tx 0l 9t50| 0| R0
ALt (Zawacki-Richter 2|. 2019)
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24510] ‘Al A|CHO| B8 A|2: =ok2 0| BLPEt= FH|Z H0|& =2
M3 X |51 K2]29/(2019)E 7HEIRCE 50 O|Ate| ML & - X}
2, 1007 O| 42| 2| /=, Rl 7|2t b= 7|2, AlB1 Abg| 8! gizt
229 o 500H2| =X cHESO| Ho{FICE 152 SDG 4 -
2030'F2| W 1t2030'H 0| W 2| O2’2H= W2H0l| M Al2| At
o Muto] Jokg HU S| HERCE J0f| et =£E 2asE2 o
M A Ml 71X E 21 2 E Y oot FX A notol| chst
‘Al2t n 0] chst Mo A gtol(Beijing Consensus on Al and
Education)’(UNESCO, 2019a)%ICt. H[0| & &f2|Q| =L HIIA}
g2 2 XtE Mt ol 85|11 ULk
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2| Alo] BT21S Z 0] EAehR| R3CH

I H0fo| Al #E2 I 3t W X/, SHAY K|, WAL K| 20
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ALP®:: O|=0M L0, EZW]7|ES X|&ots M=
Al 7|58 FISet. ALP A| A2 AHEXL HO|HE 24510

2ol MT G, M U MF S0 et T2 HS PR

UniTime®: 474 CHSQ| 7| 22| o= JierEl SetHel Al
I U AAFY AAROZ CHS ZO JLAY AIZTES T

o

510,219 AIZHO|Lt 2ol A v ARt 2lstnd, Shd Jiolel
Qo

SHS 21 XI-sh= Al 71&2 AL JHEXL DKL FMY
S0| 7t 2alg F= 20fo|Ch ‘4%t S ¥F’(Seldon,
Abidoye. 2018)2 2 = &2{ I O| Al 7[=2 T M|A| O{C[0f ALt 2
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Xsd SEE AAH
(ITS, Intelligent tutoring systems)

K5y FEHY AAR(TS)C2 L4Zl EZ &
57| 9|5t Al 280l Chst =2 E AIZfSt Xt i},
2[#|0|d F ITS= 40 0| 42| 7zt @2 7|2t AT
MO|LC}. ITSE WKOIAM T E61A| 28 E[0{RtD,
2l AT MA R0l 712 SAMSERE THE
Aot 2HAlS B, ulot Hol SHME

HMIA 2 A A—0f| THhof| == UC

o>

Bl &
o Mo (0l=}
=

2 A
MH rde

&
rlo

4
m

.

YU O |TS= £20|Lt S2|9F 22 P X3HE W= 2t oY
OflA| 7H 82t HHAE RER|YE MO ITSE QIX|2tet 22
=0l ol MEIHXIAIS HIEOZ St& 2 XIHF =M £[H Q|
&tE Z2E ZFSICE ITSE Moodle®, Open edX31et 22 8t
22| A| AR Kahn Academy32@t 2H2 ZZ 0l M = 73 EIC
SHlio| st ZE0f Boddt= S ITS AIARS X|4] =531 i
AMEd g AH8 St HO|=E XS 2 RFSHD JHE SHlo| @74
HE HIZ Totx1 o5 43 E S=th.o|E S ls2 a8
HOZ FHESHEY 4 ULCH YR ITS= ESH P SO AIM L
B2 Sl Fo| YETE RF6t, el HMEQI aefol o
o G|O|E & ot XASH 1 2MBHCt

ITSOll o El M=l XA M HIAHO[L 7PE 2 Fatsol s
20| U7|= K| HE st QHAN WA ahg, MAE ATjet
22 E2He| 7tsdE Mg +~ ULt (Dean Jr., Kuhn
2007) £3], ITS7t M3 5t= N Q1SHE &2 Mol Tl ot ZHIX
Zo| ZZ0hg JHQlete ¥ shE HutE JHQletst SHE T2l
OfYS H3Y = JUTE X[A6I 57| 2e I3HE Xt
Xz gb=Ct. Y8 Ao =™ & MAE TS (e.g. du Boulay.
2016)7F M M|A|IQ| B2 wg A|AR ol U= RSO E, I =
IHE ASS £ L= BHE HMEHHOICE (Holmes 2. 2018a)

ITSe| ZHeIet AHE2 Lot LHE EXSS Zafeltt. ol 301,
ot WAL ZHo| IZHH QI HEO| E0{ELE ITS7H =& W Ao
M uAbs B8 SHES0 42 HE HAEEE ZLEZSH| 2ok
WELO| M B2 AlZhE 2HHCE, J2{LE ITS7F =& K| 52 WA X
2 Wi 047|X7|E SOICHLE 232 SPIS0| FAE sh=X| Tt
oot J0fl St RI=E 5t717+ H 0124 = ZO|Ct. Of HHR|Z of
Z5t7| 218l ITS &R Lumilo= ZLVH ADLE AFSE At
8510 2t shdiol stgat S0l chet YEE H2| /ol ‘T AP
SOZM, WAL HSE 4 A= HEH0|D XX YEE H|
SOI0AL BHCE X5 Al 7|22 oAl AFZ0|X|2 Q1H, 3
APghol| ot 22| E Hafish= M2l & = ULt

A H83HE ITSE Alef*, ALEK®, Byjus®®, Mathia®”, Qubena,
Riid*, Squirle Al* S Z 510 607 O|40|Ct, X[ 19| |TSS} %
19| WAES & 86t= HE 2HE 8= Hi-Tech Hi-Touch Z2
ME= X HEHC| Stuol|M nS 2|20 ol HIAE =11

UL,

CHat 714t SHSA|AE

(DBTS, Dialogue-based tutoring systems)

Chst 7|8t SE{Z A|ARI(DBTS)2 XIHO| X2| S Al 7|&S AL

Stof Q17 WALRL S Ato|o] 4 EEE|Y ChEHE AlZ2|0|M

SICh =2 HEE 382 FHIZ CHAlE 22101 2 g S3sts

ol ZEEX[2H 2|20l & XS AF0|ME 2851 UL
[~

DBTSE A3ZE|AA WAHS rHEHSIO], Sl AAZ 2H|0

A
b HEAHe X E S HEZ MBSOt ELhs ASX 5oz BHE
HES Sl S&AI7|2k} ottt DBTSE SHS0| Ws-ot&
ol 21 FHofote] FEfots IS FHYLEM o5 FHIE
HEHOZ OofE &~ ALE K|G0 7|Z9| ITSE 2ot &
UCE

x| &E2tEl DBTSE HUX 2 X2 Ho|1, tHEZ22 AN
o DZ2HE Ao ACE 7Y & LT AlRZE AutoTutor

(Graesser 2|.2001), IBM2 Pearson EducationO| 7§23t A4
A AEIQI Watson Tutor®27} ULt
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S 3 A
(ELE, Exploratory learning environments)

ITS 5! DB2| THAIE FZ LAl0l| Chet CHRtO = B oF5 A[AR

A

O
(ELE)O| &52IC}, ELE2 T8 32| HstS eIt &, ITS7h
Doh= KA HE X YT HAE =ME T2I|20h=
SHE 2ol 48 BIot 7| iFX| Ao HAIS S8l <&
A AAR XME HSHOZ POt =F HETICL ELEO|A AI9|
A2 XA =M MRS 7|8 2 XpSetEl K&t T =
S M35t B StE0ilM S5 2UE = A= X| BHFHE 2|
A915H= Z10|Ct T EHS M St 2 M SHE0i| A Lddt= 27K
HE B2 &, ooty F2 AAS Mook | = ottt

CHA| 2, ELE= OF%| A8 3}E Afzl|= SiCH CHEA{ QI 0| 2 ‘ECHOES’
(Bernardini 2|. 2014), ‘Fractions Lab’ (Rummel 2. 2016),
‘Betty’s Brain’ (Leelawong, Biswas. 2008) S0| L},

AS B2 Bt

(AWE, Automated writing evaluation)

RS =2 WIHAWE)S ZHEEZ Tefsts sise S2xoz
X 2LBHD &CIAI7|= CHA Rf210] 212 E8et Al 7|42 8ot
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AWEE= 32H7t2| 4AZ K| SAl0l| H4HIe| A S XL
ZQ A 2= WriteToLearn*, e-Rater’, Turnitin‘0| 2 u<
X o2t A AL [ 1 QUL 2 MEHO 2= 0| Mof| mALSO0| H
715t P OB E HIZ O E MER SME0| SN A2hs Tt

b B |
gt Smartmusic*’0| Q\LC},
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Al 7|8t =5, 210] st
(Al-supported reading and language learning)

Solioh 0] otE =t Al2| H=2 Xt SI15t ALt Al 7|8t
SEAMT B ITS 7|t otg B2 QUGS AL8StE M|
UCE 29 QA 7|E2 LUHOZ SHYSO| U Y TEMS
HE3t7| 2lot stliSol St Hojulo| HE =5 S Hlwsth=
AMEEIL ZtS HHY2 SHUSO| CHE A2 E S5 AIRE 82
= AEE 51, LHE Bt S0l M2 O g 425 ed
= UTE XS}, oM, SPASOl|A| JHE Xl D=8 S HiSst
7| 2ol Se SHE At S22 BMSh= Al A E AU

CHEXMQ! 8% oZZ|AH0[M2E2= Al Teacher®, Amazing
English*, Babbel®, Duolingo® S0| {IC}.

AOIE 2 2(Smart robot)
S HOHE XIL|D AALE 50 o222 H1
Al7[HIe| 2R =2 ‘ADIE’ 22| WK 0|8
20{X| 12 ALY (Belpaeme. 2018) L& =, K|
MEO| O|AAE Skt At2] A MES 2|oH It
QIZtate| A Xt HLH= 0% 7tsSt 7| A
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2IH5t7| 2[8 Nao®Lt Pepper* 52| HL0|E 2R S AIESH
A7t QICH(Graham. 2018)

EIX|E 0f|0]ME (Teachable agent)

& Fahe thed| i R= 0| IXIX| 940, O FH|E CHE AL
oA ZI2XC2M O 20| JD O H HEY 4= ULt 2™
IC}. (Cohen £/.1982) O] =b= CHYSHAI M2 a2
|E £0{, %A HAZSHELES| Betty’s Brain0f| A &M E

E2|= 7t = SPHol|A| ZE HElA|of CHs 7F2EIC o
Of 744 Of|O| M EOf| Al ~3tof| 748t WK A2l 1
|
Af2|0ll A= O2I010| 0| R 0| = 225501 A ©V|E 7t2E
ZM OlEL QIX|, 3, AEEL S XH2St= A2 LIEILLTE (Hood
2l.2015)
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WKL I /ELUL

(Educational virtual and augmented reality)

WS 2Ol A 7HAH A (VR) I SLHM(AR)2 AHEXL ZRS
HA7|7] 2loh AR S Al 7| &1 Rh 3 ZRtEl= Sl 7| S0|C.
VRE ME} MEe X|HetE EEEF K-12 0| &t29| 042 2+=0i[ M
Moot VR 122 S2[HQ MAISE
ZYS MBS ZM OFX| 2HE0| HH, opA LS, EHOET EHESt
Y= Q17O XpZat 22 M| fE= JHAlo| BHAE Z 0| S8t S8t
LS ECL VR 7|20 AIE TS50 AR 22 714 OHHIELS
HIOSEALE, XHH M2 E A BI0] S 4 RO E 74sSHA StALL,
= 74| A[ZF o|Of |0l A FHH| BHE S MMSt= 20| 7HsBICt

rlo

XfErohs B Sl
=] 4=

_,_

O|0|X|E AtEXt2| HA| 2F0l| SHAl
Isc'i CIAS0|E J45HH &Lt) ARS

rl

—

SHHOl ITS datofl chEt FEE HE| 2/of

=971 918 M U0 &, ADIS2 Fhleps} £ QRacS
9' DO PNY0)

~

Blippar®, EonReality®’, Google Education®, NeoBear*, VR

Monkey® S0| UL},
SE HES3 2A|AER|0|E

—

Learning network orchestrators, LNOs)

S5 UIER3 A AE|0|E|(LNO)= oFdi 2t WA HIEH 37 o
S0l Holgta ot g5 #4Y & UL E Sh= T+0|CH LNO
= YHHO 2 718 M, FH Y U ME X[ A2 7|82 EIIKIE
ORAStD H2a Helg FZXIsICE LNOZH 28El Al Third
Space Learning’2 =3t St50] 0222 H= = SdlSS
£ LIZte| 8t ARl HZESH FCLE ‘Smart Learning Partner’
= SMMES0| HI0|E HME [UIE AS Solf 22l MUHS MEt
Sh11, UCHY hE X2 WS o+ A= Al 7|8t S E 0|}

Al7|BH R ok

(Al-enabled collaborative learning)

St E0| el 2XIE sHESHs B a2 ofE MUE SAA|F|
= 202 U™ X2t (Luckin 2].2017), 2 0tMQl SH =S
o242 4= ULL M2kAM AIE ZESHO] Lot §Y stE52 Xfe
2 ACHLAI 7|8 E2 SHEXIE HHOE HAASIALEL S & &
ol 7HE = efot ohd g AlEst o) HE I F9 MY S Y
2 CE EE 7MY HO|HERZAN I8 EE0 M2XOR 7|0
S ot NEQI Aget Alels iX|TH SESHA AR ED U
= 2ofo|ct

(e.g. Cukurova 2|.2017)

13, WAL M HHOjA AIZF ZI2E|= BSSHF0| WA wAte] et ol T4
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More detailed non-technical guidance for policy-makers
has been produced by the ‘Al for Peace’ group: https://
www.aiforpeace.org/library

A quintillion equals 1,000,000,000,000,000,000

The computing power requires large amounts of energy
with significant implications for the world’s climate.

https://www.gehealthcare.com/article/artificial-intelli-
gence-helps-doctors-with-critical-measure-ment-during-
pregnancy

https://ai.googleblog.com/2018/12/improving-effective-
ness-of-diabetic.html

https://www.nytimes.com/2019/05/20/health/cancer-
artifi-cial-intelligence-ct-scans.html

For example, researchers overlaid an image of a panda,
that the Al tool correctly recognized, with some random
noise. The image was still easily recognizable to a human
as a panda, but the Al tool identified it as showing a gib-
bon. Similarly, sticking some small pieces of paper ran-
domly on a road sign, such as a stop sign, can lead auton-
omous vehicles to misidentify it.

A seminal book that introduces much of this complexity is
Russell and Norvig (2016)

https://www.mturk.com

https://www.ft.com/content/a4b6e13e-675e-11e5-97d0-
1456a776a4f5

https://thispersondoesnotexist.com
https://otter.ai

https://www.alibabacloud.com/products/machine-trans-
lation

https://lens.google.com
https://woebothealth.com
https://www.affectiva.com

https://www.frontiersin.org/articles/10.3389/fnhum.
2019.00076/full

https://cs.nyu.edu/faculty/davise/papers/GPT3Complete-
Tests.html

The introduction of chatbots to answer customers’ bank-
ing queries suggests that even here things are beginning
to change (https://www.scmp.com/business/companies/
article/2128179/hsbcs-amy-and-other-soon-be-released-
ai-chatbots-are-about-change). However, Google’s infamous
Duplex technology now seems to be less intelligent than
it first appeared.

https://www.apple.com/uk/siri/

https://www.digitaltrends.com/home/what-is-amazons-
alexa-and-what-can-it-do/
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https://dueros.baidu.com/en/index.html

https://www.gearbest.com/blog/tech-news/huawei-re-
leases-ai-smart-speaker-mini-with-xiaoyi-voice-assistant-
in-china-6420
https://www.jisc.ac.uk/news/chatbot-talks-up-a-storm-
for-bolton-college-26-mar-2019
http://genie.deakin.edu.au

https://analyse.kmi.open.ac.uk
https://www.swiftelearningservices.com/learning-analy-
tics-big-data-in-elearning

http://kidaptive.com

https://www.unitime.org

https://moodle.org

https://open.edx.org

https://www.khanacademy.org

For example, Bayesian Knowledge Tracing or Performance
Factors Analysis

Alef: https://alefeducation.com

ALEKS: https://www.aleks.com

Byjus: https://byjus.com (NB Not available in Europe)
Mathia: https://www.carnegielearning.com

Qubena: https://qubena.com

Riiid: https://riiidlabs.ai/

Squirrel Al: http://squirrelai.com
https://educationcommission.org

Watson Tutor: https://www.ibm.com/blogs/watson/2018/
06/using-ai-to-close-learning-gap/

See https://theconversation.com/artificial-intelligence-
can-now-emulate-human-behaviors-soon-it-will-be-dan-
gerously-good-114136. And, for an early example of Al
that can ‘write’ a school assignment, see https://openai.
com/blog/better-language-models/#sample6

WriteToLearn: https://www.pearsonassessments.com/
profession-al-assessments/products/programs/write-to-
learn.html

e-Rater: https://www.ets.org/erater/about
Turnitin: https://www.turnitin.com
Smartmusic: https://www.smartmusic.com
Al Teacher: http://aiteacher.100tal.com

‘Amazing English’ uses Al to help students practise their
English aloud. It also provides real-time feedback and
Al-driven assessments. See https://www.prnewswire.com/
news-releases/xueersi-online-school-releases-dual-teacher-
product-offering-more-english-speaking-time-than-one-
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on-one-teaching-300626008.html
Babbel: https://www.babbel.com
Duolingo: https://www.duolingo.coml

https://elearningindustry.com/telepresence-in-educa-
tion-future-elearning

https://www.softbankrobotics.com/emea/en/nao
https://www.softbankrobotics.com/emea/en/pepper
https://www.youtube.com/watch?v=E_iozVysl5g
https://www.blippar.com
https://eonreality.com/eon-reality-education
https://edu.google.com/products/vr-ar
http://www.neobear.com
http://www.vrmonkey.com.br
https://thirdspacelearning.com
http://slp.bnu.edu.cn
https://www.mofaxiao.com/
https://tesla-project.eu

Open, distributed ledgers, hosted simultaneously by mil-
lions of computers across the Internet and linked using
cryptography, that can share data in a verifiable, incor-
ruptible, and accessible way.

e.g. Ada Lovelace Institute (https://www.adalovelaceinsti-
tute.org), Al Ethics Initiative (https://aiethicsinitiative.org),
Al Ethics Lab (http://www.aiethicslab.com), Al Now (https://
ainowinstitute.org), DeepMind Ethics and Society (https://
deepmind.com/applied/deepmind-ethics-society), and the
Oxford Internet Institute (https://www.oii.ox.ac.uk/blog/
can-we-teach-morality-to-machines-three-perspec-tives-
on-ethics-for-artificial-intelligence). Also see Winfield, Alan
F.T., and Jirotka, M. 2018. Ethical governance is essential to
building trust in robotics and artificial intelligence sys-
tems. Phil. Trans. R. Soc. A. 376. And see “Top 9 ethical
issues in artificial intelligence.” Available at: https://www.
weforum.org/agenda/2016/10/top-10-ethical-issues-in-
artificial-intelligence, “Establishing an Al code of ethics will
be harder than people think” Available at: https://www.
technologyreview.com/s/612318/establishing-an-ai-code
-of-ethics-will-be-harder-than-people-think, and Willson,
M. 2018. Raising the ideal child? Algorithms, quantification
and prediction. Media, Culture & Society, 5.

https://www.brainco.tech and see https://www.indepen-
dent.co.uk/news/world/asia/china-schools-scan-brains-
concentra-tion-headbands-children-brainco-focus-a872
8951.html

For example, see the XPrize (https://learning.xprize.org).
https://digitallibrary.io
https://www.changedyslexia.org

e.g. http://www.voiceitt.com, https://www.nuance.com,
https://otter.ai and https://kidsense.ai
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https://blogs.microsoft.com/ai/ai-powered-captioning/
https://consumer.huawei.com/uk/campaign/storysign/

An example of a robot developed for children on the au-
tism spectrum is Kaspar (Dautenhahn et al., 2009)

See, for example, Bughin et al., 2017; Frey and Osborne,
2017; Frontier Economics, 2018; Leopold et al, 2018;
Madgavkar et al., 2019; and Manyika et al., 2017.

Manpower Group. 2016. Millennial Careers: 2020 Vision-
Facts, figures and practical advice from workforce experts.
Available at https://www.manpowergroup.com/wps/wcm/
connect/660ebf65-144c-489e-975c-9f838294¢237/Mil-
lennialsPaper1_2020Vision_lo.pdf?MOD=AJPERES

See, for example: (Tencent Research Institute, 2017) ZEKA
TEERAFBEERS
Courses designed to enable citizens to become familiar

with how Al works can be found at https://www.element-
sofai.com, https://okai.brown.edu and http://ai-4-all.org.

Resources designed to help teachers introduce their stu-
dents to Al can be found at http://teachingaifork12.org
and https://github.com/touretzkyds/ai4k12/wiki

http://www.gettingsmart.com/2018/07/coming-this-fall-
to-montour-school-district-americas-first-public-school-
ai-program

https://www.teensinai.com
https://www.skillsfuture.gov.sg/
https://microcompetencies.com
https://github.com/touretzkyds/ai4k12/wiki
http://teachingaifork12.org
https://www.elementsofai.com
https://okai.brown.edu

http://ai-4-all.org
https://www.oecd.ai/dashboards
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