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New challenges for Al in education

* From General-purpose to Transferring intelligence
 From Computation to Cognition
* From Customization to Adaptation

* From Knowing to Unknown
* From One-size-fits-all to Precision
* From Technology to Humanity

Source: Stephen J.H. Yang @ Kyoto University, March 23, 2019
https://ocw.kyoto-u.ac.jp/ja/international-conference/76/video/video03?fbclid=IwAR3I09P Wjl1leJGd9V2BhThng t8U Q9dDP-

KDXTOBNOGXHVIUpROG6]N2narl



https://ocw.kyoto-u.ac.jp/ja/international-conference/76/video/video03?fbclid=IwAR3iO9PWj1eJGd9V2BhThng_t8U_Q9dDP-KDxTOBNOGXHvIUpRO6jN2ngrI

From One-size-fits-all to Precision

* One-size-fits-all
* One kind of, average

* Precision
 One of a Kind, specific
* Precision education (# # % 7)



& 45 (precision education)

* Precision education refers to the use of Al, machine learning and learning
analytics to Improve teaching quality and learning effectiveness by addressing

at-risk students and enabling timely interventions.

* Precision education can be implemented in four steps: diagnosis, prediction,
treatment, and prevention.

Source: Yang, S.J.H. (2019). Precision education: New challenges for Al in education [conference keynote]. In Proceedings
of the 27th International Conference on Computers in Education (ICCE) (pp. XXVII-XXVIII). Kenting, Taiwan: Asia-
Pacific Society for Computers in Education (APSCE), https://youtu.be/VKmUE1Hnaro

Source: Yang, S.J.H. (2021). Guest Editorial: Precision education - a new challenge for Al in education. Educational
Technology & Society, 24(1), 105-108.


https://youtu.be/VKmUE1Hnaro

From Technology to Humanity

* Technology
* Augment human productivity with technology

* Humanity
* Human impact, human context, human condition

» Augment human intelligence with machine intelligence



A L AenA 197 E (Human-centered Al)

* Seeing the invisible through the visible

* Being the leverage and driving force to make changes for a sustainable
and equitable world.

« Toward sustainable, trustworthy, and responsible Al

Source: Yang, S.J.H.*, Ogata, H., Matsui, T., & Chen, N.S. (2021). Human-centered artificial intelligence in education: seeing the
invisible through the visible, Computers and Education: Artificial Intelligence, https://doi.org/10.1016/.caeai.2021.100008

Source: Yang, S.J.H.*, Ogata, H., Matsui, T. (2022). ETS (SSCI) Special issue on Human-centered Al ineducation: Augment human
intelligence with machine intelligence (2021-2022). https://drive.google.com/file/d/1-7VaHZ4z1\V ZVAeQw7B516BdssjHqo8f4/view

7


https://doi.org/10.1016/j.caeai.2021.100008
https://drive.google.com/file/d/1-7VaHZ4zIVZVAeQw7B516BdssjHqo8f4/view

Outline
c VLR By A#HZFY A

HRNET LR

« Human-centered Al in education
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28332 82 Y %8 (log & leaning analytics)

« B kAL
(?{1‘2‘)?4
* ﬁ_t. V. ﬁﬂ

° ;%')g 3[53 /J< e
o Fu /% ‘:ﬂ(‘ Z’E 3
s K - Vi 33
* M & AR

2% % %t . BookRoll
s P VisCode

% 5L(Cloze)
% $u(Shortanswer question)

¥t(Concept assessment)

2(Coding assessment)
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(FH)T 3 % B3 s
BookRoll

% J& List#fs)
E 2 2R a

Animal = ["dog", "cat", "bird", "fish", "turtle"]
C NRER I BESEY AKFRBYH
* land : dog, cat
 sky @ bird
* sea : fish, turtle
e Rl
land = ["dog", "cat"]
sea = ["fish", "turtle"
animal = [land, sky, sea]
s 2R b2

Short Answer

VAL B
VisCode

: Jupyter W3_List Last Checkpoint: 20202327 (autosaved)

File Edit View Insert Cell Kernel Widgets Help

B+ x @ B 4+ ¥ MRin B C » Code M=

In [96]: | # page 11
animal = [“dog","cat","bird","finish","turtle"]
print("animal==>",animal,"type : ", type(animal))
land =
sky
sea = ["finish","turtle"]
animal = [land, sky, sea]
print("animal : ",animal)
print(“animal[e] : *,animal[e])
print("animal[e][1] : ",animal[@][1])

animal==> ['dog', 'cat’, 'bird’', 'finish’, 'turtle'] type: <class 'list'>
animal: [['dog’, 'cat'], ['bird'], ['finish', 'turtle']]

animal[@] : ['dog’, 'cat']

animal[e][1] : cat

£y(Shortanswer question)

o F AR Yk %(Cloze)

List#] &
RS ] R
cHAA TR RS A — AR R R
SHRPHOBTNAACHSE  THANENGRAEET FH -
* by 48 5] & #0 ER EEIES -
25 - Alphabet = ['a, 'b', '¢', 'd", '¢', 'f, ']
012 3456
e

0 12 5
um[.a]b]c d [f[g]

B

FIE(Lish EBEHERRET?

Prev

Submit Next

% ke(Concept assessment)

Assessment

foods = ['bread’, 'egg’, 'milk’]
foods.reverse()

print(foods)

BHERTEESR?

O ZHET2

O ['milk, 'egg’, 'bread’]

O ['egg’, 'milk’, 'bread?]

O ['milk, "bread’, 'egg’]

Submit

~ ~ 7, -
#2378 228 % £ (Coding assessment
P =
=
Description
BASEEEWNa. b, c, MNBIJLUSR—E=MRE, B True, HHIEE False,

Input

ESRE—E%N
Qutput
—i7

TrueBkFalse

Sample Input 1 E Sample Output 1
3 True
4
5

Sample Input 2 [ Sample Output 2

3 False

Hint

SRBECBRINARSE=E
AT BREERSE

Language:  Pythond - [+ Theme: Solarized Light -
-
a int(input())
int(input(})
int(input())

[a,b,c]
sort()

ige[@]+edge[1]>edge[2] or edge[2]-edge[1]<edge[@]:

rint{*True')
else:;
p {"False')
Status @ Accepted
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 Survey ~ Question ~ Read ~ Recall ~ Review



Review 4
» FES R Homework

E fs ‘9‘:*'0 ?‘I‘ﬂ * -
‘fﬁfgf e Online
AR Y « Concept Judge
. Short assessme

answer nt

Question

13



SQ3R : Survey ~ Question ~ Read ~ Recall ~ Review

 Key point :
s BT R CRHFEE RS MEET CBE BB
s BB F R Gl 2 & g
* O fEAFT PN FOLRIESE o RBIEF 7w £ P e

HEA BV ES R IY
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SQ3R : Survey ~ Question ~ Read ~ Recall ~ Review

B3 R AERE N
Lister i # §2?

) Int: Lt A-Z & FList?
Key pomt | List 4cim & #

'i’?ﬁsurvey@ﬁ_, :![J—i’j.;}.%_g . -—!?—;F
50~ Ri4EF . BT op VR

cFEAT Y FH KB

15



SQ3R : Survey ~ Question ~ Read ~ Recall ~ Review

+ Key point (% # 37 57 ¥ )
e ¥4 QuestionsHF R REFF ap 7o B > v #igfe 5 I
E RPN E

/

PEEY FF L FnIEY
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SQ3R : Survey ~ Question

* Key point (k& #4=/v & ~ F
¥ FF 242 (BookRoll) » £ 4 533§ >
¥ 8 4 zz(memo)
c FET F FHEEAEN ML 0 T
$5 72 VISCode I 3% RAZ S 2 8 iE 42

% J& List#15)

L e L

Read ~ Recall ~ Review

?;&3%% AL R

gy %

# Zk(marker)

IR AR R

" Jupyter W3_List Last Checkpoint: 202083527 (autosaved)

Edit View Insert Cell Kernel Widgets Help
A EIE
B+ = & 6B 4o ¥ MRin B C W Code v =
Animal = ["dog", "cat", "bird", "fish", "turtlc"] e
L €3-1 Question 2
* SREBE LS EF KT OEY T In [90]:  # page 11
e land : dog. cat _ animal = ["dog","cat","bird","finish","turtle"]
e skv : bi dg, EENEMEARBE? print("animal==>",animal,"type : ", type(animal))
Sky - DI land = ["dog","cat"]
* sea : fish, turtle sky = ["bird"]
o 2R FH1 SEE =1["fi;isr;")"Eurtle"}
— " SR TpRp T} animal = [land, sky, sea
land = [ ch , "cat"] print("animal : ",animal)
Sky=["b1['d"] print("animal[@] : ",animal[e])
sea=["ﬁsh", "tllI‘th"] print(“animal[@][1] : ",animal[e][1])
animal = [land, sky, sea] animal==> ['dog', 'cat', 'bird', 'finish', 'turtle'] type: <class 'list'>
o 52X )2 animal: [['dog', 'cat'], ['bird'], ['finish', 'turtle']]
animal[@] : ['dog', 'cat']

animal2 ~ { A0 L), R, (S ).

animal[@][1]: cat

17
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Review 4
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Review 4
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answer
Question
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A8 Y H

c BV 2 6 RIF EETAIOERY R fF2 L ELY A
(Forgetting curve) (Ebbinghaus, 1885/1974; Ebbinghaus, 2013)

o hrk F iR E PFauEY o

Eg;czlﬁmip)]} j,u;,\z T
P eg Y ,T{ﬁp;c%rg :

FiniET 2

o« TAFIENAY | 8Y Xt FaE ek &L e 2 (Leitner, 1972)



3 o o A (Forgetting curve)

elRiFT R A

F P A

204 45 15 58% 42%
1] pF {8 44% 56%
9] B 5 36% 64%
1= 18 34% 66%
2% i 28% 2%
6% i 25% 5%
31= g 21% 79%

*

I
|
1

&L

A AEHF 2]

‘g&

i
Xy

Memo-B ankigEl
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* F DAY Ay - =AY 2% 212
e F XY LAy IAY b 218

Leitner, S., So lernt man lernen: Der Weg zum Erfolg (Learning to learn: The road to success), Herder, Freiburg,1972.

22



SQ3R : Survey ~ Question ~ Read ~ Recall

13

13

F Y g

fe — B3 ﬁﬁl\/lemof’
#rRE

108409009@cc.ncu.edu.tw

108401541@cc.ncu.edu.tw

4pa 4t
ﬁ%?ﬁn

pacc|

4

a0

‘\\

1. ZEEH—HAEIBRMZH  ollAZES|EM 2. £5|H058H4 3. T A iterable[start, end, step] # 15+ &
Zendpi{E » Rilend - 1 4. ZREIEF: lower() * upper() * swapcase() - title() * replace(old, new) 5. & ¥/
7752 islower() ~ isupper() - isalpha() - isdigit() - isalnum() 6. ZEIE=77%: find() - rfind() - endswith() -
startswith() ~ count() # str.count(string, start = 0, end = len(string)) # str.find(string, beg = 0, end = len(string))

KE BN RER %%i%ﬁﬂ;ﬁi%ﬁﬁﬂﬁf’ﬁ i F—1BER5| (LIEBREHELRIIFFEUE FBER
TITEESRIEEREER £F5 I - SIESEFTRYE - ETHRBENTRIAE 1okt NEE2E 8N
i BiRE— 1@%@%@@%%@)3% 1 MR ?%Ffzﬂe FBEE0~15 BEEHKE-16~1 F_EEREH
hizrtlR BFRURNARNNES [BIBEAREERE B3eHnE  BRBREFESN FHAZRlens
4{E%F, lower /N5, upperZAE . swapcase /BB capitalizeE—EERAS » EMMENE

replace(old, new) Bt

Review

2021-03-10
11:356:32

2021-03-10
11:38:30
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SO3R

2 15 3% g
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Survey ~ Question ~ Read ~ Recall ~ Review

4 = \ 2 Vi g ~ £A -
X*\ %im%‘i“ ”Ff‘ NS Jgjg.EFF)\?
ﬂz 2 33 2 _,\5 - E ?“' v 2 _,_‘}/
By P N ZR R P Barek o ¢ %AV & 5(Cloze)
List#] &
i et 7 ) QI A 4.

FlER—HARDE  RIGEEA —EERERE -
AT EIETAA A A STAR SRS 2 ST P eI R -

o33 oL f2 0 2B 2k o 33
HEAA Y ED R RA I Y T

33 u—[]b]a[[]

AR Y A B Y el 2 po: Clozedg ¥
¥ — =CAF ¥ 12X 14 © Shortanswer question 4§ ¥

i % XA ¥ % s(Shortanswer question)

‘ Short Answer
B (Lisy 2 A HERSEET?

Submit Next
24




SQ3R : Survey ~ Question ~ Read ~ Recall ~ Review

» Clozes - %47 ¥ © = ¥ ey A 16 > F 1% P 1% Clozedg ¥
e P el BIEE A T fRR 2 PB~E Bhefig A

» Short answer question % = =t 4 ' * -+ ¥ AR L K

* Short answer questlonf‘rﬁ ¥

PHERT RS L R E B G
W ER R i??}%‘ R EE e
CHEALE - BRSO EREF - BF o FREs
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Cloze for ks 48 ¥ (BERT, TextRank, Rake)

1. S2HIZEIURHFANETEXF D -

2. AEFFERDPEMESIFINE -~ BX

3. A E=5 20 -
4. 2RSS -
5. 2 ZVSREE

- FABEERERRES -
 REBHERAT=HEY -
- Q51 R BRI

False

None

True

and

das

assert

async

SREOENE R AIFE Z iR

ANEEVEEAETIE-GOEER

= A EHYEE R,

L
i

R TR A
4>

1

A E Cea N E| &
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is 48 ¥ &R % : Cloze overview

Q

Cloze overview

Cloze Information Engagement(Per person) Review Activity(Per person) e se > 1 2 %5
FELATE 4 v E kR
71 14 34.2 135 16.6 . 4R A S
Learners Pages Clicks ‘ Submits ‘ § — '\"ﬁ'{/ 2 P Cloze%\ﬁi

e FTLilmARETaE
7 64.6% 4.1
B e

Q

Each Events Per Cloze

Number Of each_Event Per Cloze ﬁ'-'-"jj- 2 ’"’T [H — B4 ghiit F,*«}J_
© LW
y ift—'r =
. j:ft 3 "' it =< ﬁg:
¢ ﬁL/;:é %'k #x
! . «‘ffrféi?]

A5 gL 3
® click @ hint @ submit @ correct @ wrong -8 rate ° 6 > .'..',‘

Number Of each _Event
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Short answer question for ks 4

Ny
\
65
[Tl
A
—
@
U
0
>

R
"
Jeic

Short Answer

EREBHSSRNIBETTE
EREW

} Submit Next ]
- 4L T - 4L
Short Answer
BEREHRSGFNEEBRRMTE
ERASE
] Submit [ Next }

%457 L BFESubmitig (7 A X ¥ 4
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Bis A Y &k 4 ¢ Short answer question overview

Q

Each Event

Number of Each Event per Question

180 120

120 80

#- ¥t Shortanswer z_ st 3

60 40
E o
In © R
o S 0 = A5 .
. & * i&_i. %éfk
R PR 7
\\,@“0 _&:__p‘ ,q_é,.“’ ° )g, / 2 12,
& & ¥IE &=
4(? . '?afg

® SUBMIT @ CORRECT @ WRONG -e~ RATE

Show entries

User «  Time

Sun, 07 Mar 2021 22:39:13
105403018

GMT

Sun, 07 Mar 2021 22:39:20
105403018

GMT

Sun, 07 Mar 2021 22:41:17
105403018

GMT

EEBNMEEAE

~

%+ Correct Answer

HESErEERESATSER
EREENA BRSNSk DS R e ISR

3

\3ﬁ\- ‘}J\Il’: ‘“E_L'_‘_ [=] ¥ Je
ExESABRSNREREy LSRR AR

=

EEESENRRIENERERSE

Student Answer

Search:

fpython code—fTTBRREREBESEERET

<
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A2 5\ f:r_fl‘
coding s

,§‘< v (Concept assessment) : #4255 355 & % 4%

4L (Coding assessment) :

N s
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L4 p F:EE ¢ Concept assessment

#E A 3§ % kv (Concept assessment) f 73

s BE V28 RIFFAEESMEN FAT O

°
i
F
T3\
N
j<u
T

24 {s o F A7~-14=x p §1* Concept assessment 3§ ¥

aaaaaaaaa 1091_F2 S F 5T -Python_=5EI5FEN

eBook C1_EEHEEH AEHL +

Assessment
var_2 = 52
print(var_2 %7)
05
oo
£
Submit
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Concept assessment
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Responses Per Student Correct Rate Per Student

g0 { 1.25
106405020

® Mumber of responses: b4

o 1
B0
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»

235 5 4 2=F % %L ¢ Coding assessment

p— %U%‘:ﬁm{%ﬁ = Submissions
Description @ Information
HETEE M AU E S EE R .
python-odd_even
Input Time Limit 1000M5
% El =2 ;; —{ESER Memory Limit 256MB
25 P Fl
N ~ Qutput 10 Mode: Standard 10
ﬁ@!‘ il ﬁ%’ » . MERER, MEEE S ==
] « WIEEEE. B Lewel Low
Tags Show
Sample Input 1 & Sample Output 1
* B & Statistic Details
LB
Sample Input2 B Sample Output 2
ES 1 i
—
p—
Language: = Python3 v (4] - Theme: | Solarized Light -

BT S

~ — :
ﬁi;\ ~T FE? E StAUS @ acoeptss

LigiE %
Fritis Gy p
Accept : 4 _FHfHEEEE Submit @ @ ix4g 50
FHIET p Bt
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p A EF k& 4 : Coding assessment

e Ptk

« Accepted (AC) - Bl & & I g o

* Wrong answer (WA) - B33 % % 7 T fr > # /e 2527 4pF 0
SRR E SRR R R R P

* Run Time Error (RE) - #2358 2 & % & o i ¥ 2% # > zgd,% Vi
0 &\ § 33 7% 253 3 e (R 4t o

. Complle Error (CE) - 4o ¥ e 24355 > B4 E 0 4
W72 22 MRIHENERAG AR 7 TR 4 08
4 RN E IR AR
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Coding assessment #z.3% sv # p ' FFg £ 742

250 - @

200 -
150 4

100 4

9

105403018 109607004 109403540 106303523 107401018 106401055 106303527 107401002 108202005 108707509

AC : B x S48 (A Ay 4438425548 P)
Total © fgs B 382 ¥
HOR B 2FTARN R e L L (A RIRACE 1 Totalie i R
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A G A I FE R

Human-centered Al n education



Research agenda for Al

* The role of Al as enablers and inhibitors in society, economy, and environment.

« How to overcome the consequence of inhibitors with human-centered Al?
» Toward sustainable, trustworthy, responsible Al

* New challenges for Al in education
« Human-centered AIED, precision education
 Trustworthy and responsible precision education

Source: Vinuesa, R., Azizpour, H., Leite, I., Balaam, M., Dignum, V., Domisch, S., Fellander, A., Langhans, S. D., Tegmar, M., & Nerini, F.
F. (2020). The Role of artificial intelligence in achieving the sustainable development goals. Nature Communication, 11(233), 1-10.
https://doi.org/10.1038/s41467-019-14108-y

Source: Yang, S.J.H.*, Ogata, H., Matsui, T., & Chen, N.S. (2021). Human-centered artificial intelligence in education: seeing the invisible
through the visible, Computers and Education: Artificial Intelligence, https://doi.org/10.1016/].caeai.2021.100008
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https://doi.org/10.1038/s41467-019-14108-y
https://doi.org/10.1016/j.caeai.2021.100008

Al as enablers (welfare to human kinds)

 Improving the productivity of food, health, water, education, and
energy services.

 Supporting low-carbon systems, such as circular economies, smart
cities that efficiently use their resources

* Interconnected technologies such as electrical autonomous vehicles
and smart appliances

* Integrate variable renewables by enabling smart grids that partially
match electrical demand to times when the sun is shining and the wind
IS blowing

42



Al as enablers (consequence & solution)

* Need massive computational resources only available through large
computing result in a very high energy requirement and carbon footprint

 The total global electricity demand of ICT could require up to 20% by 2030
from around 1% today

» Green growth of ICT technology
* More efficient cooling systems and renewable-energy usage in ICTs.

43



Al as Iinhibitors (misuse of Al)

« “Citizen scores™, be used to control social behavior. This type of score Is
a clear example of a threat to human rights due to misuse of Al.

» Social media usage by showing users content specifically suited to their
preconceived ideas (£ »~ = ). This may lead to political polarization
(Fzio = 1 it ) and affect social cohesion (7 € #E 5% 4 ).

44



Al as inhibitors (algorithm biases)

* Al algorithms uncritically trained on regular news articles will
Inadvertently learn and reproduce the societal biases against women
and minorities, which are embedded in current languages.

» Word embedding, a popular technigue in natural language processing,
have been found to exacerbate existing gender and racial stereotypes

 Gender and racial inequality: potential impact of technologies such as
smart algorithms, image recognition, or reinforcement learning on
discrimination against women and minorities.

45



Al as inhibitors (inequality)

 Future markets rely heavily on data analysis and these resources are
not equally available in low- and middle- income countries

» Workers need additional qualification, leading to replace old jobs with
ones requiring more skills, more education

* Transfer of revenue from workers to investors. Shifts corporate
Income to those who own companies from those who work there.

 Lack of gender, racial, and ethnic diversity in the datasets and the Al
workforce

46



How to overcome the consequence of
Inhibitors with human-centered Al?



HAI - Human-centered Artificial Intelligence

e Inspiration:
« Stanford HAI
* https://hai.stanford.edu/

* Co-Directors:
* Fel-Fel Li (Al)
» John Etchemendy (47 %)

« Hopes to advance artificial intelligence (Al) research, education,
policy and practice to improve the human condition (* = & )

48
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What we have done In Talwan



Future Earth, SDA

* Future Earth, Taipel, Rl 3*& B € L 2£ B %7V ged (P 7 ie)
- Sustainability in the Digital Age Working Group, Z. # * 17423

e 22 members from 8 universities 1n Talwan

50



: 00 Sustainability
See|ng the 000 e Digital Age

futurerth Taipei

April 13,2021

|nV|S|b|e through Kick—OffMeeting 9:30 - 11:30

the visible




International collaboration for Human-centered Al

* Collaboration
« Stephen J.H. Yang, National Central University (¢ + = &)
* Hiroaki Ogata, Kyoto University (5. 3% ~ &)
* Tatsunori Matsui, Waseda University (& #=2 = )
 Nabeel Gillani, MIT Media Lab

 Research agenda (publications)

* Yang, S.J.H.*, Ogata, H., Matsui, T., & Chen, N.S. (2021). Human-centered artificial
intelligence in education: seeing the invisible through the visible, Computersand Education:
Artificial Intelligence, https://doi.org/10.1016/j.caeai.2021.100008

 Toward sustainable, trustworthy, and responsible Al

52
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Research 1ssue for HAI

e Sustainable Al

* Trustworthy Al
* Explainable Al (XAl)
 Responsible Al



Sustainable Al

* The role of Al as enablers and inhibitors in SDGs.

« How to overcome the consequence of inhibitors with human-
centered Al?

* Being the leverage and driving force to make changes for a
sustainable and equitable world.

o4



Requirements of Trustworthy Al

* It Includes systemic, individual and societal aspects:
« Human agency and oversight
 Technical robustness and safety
* Privacy and data governance
* Transparency
* Diversity, non-discrimination and fairness
» Societal and environmental wellbeing
 Accountability

Source: High Level Expert Group on Artificial Intelligence , Ethics Guidelines for Trustworthy Al, Technical Report,
European Commission, 2019.



Explainable Artificial Intelligence (XAI) (pavid Gunning, DARPA 2016)

Tod ay Task
* Why did you do that?
. iSi * Why not something else?
o Machine Decision or y g
Training ) Learned Recommendation * When do you succeed?
Data > Leammg > Function * When do you fail?
Process « When can | trust you?
* How do I correct an error?
User
XAl Task
* | understand why
New « | understand why not
Training N Machine N Explainable | Explanation « | know when you succeed
Data Learning Model Interface * | know when you fail
Process * | know when to trust you
* | know why you erred
User




Explainable Artificial Intelligence (XAI) (pavid Gunning, DARPA 2016)

XAl Task
* * | understand why
New «  understand why not
Training N Machine N Explainable | Explanation « | know when you succeed
Data Learning Model Interface * I know when you fail
Process * | know when to trust you
* | know why you erred

* The target of XAl is an end user who:
« depends on decisions, recommendations, or actions of the system

* needs to understand the rationale for the system’s decisions to
understand, appropriately trust, and effectively manage the system

* The XAl concept is to:
« provide an explanation of individual decisions
» enable understanding of overall strengths & weaknesses

. 1go%wey an understanding of how the system will behave in the
uture

« convey how to correct the system’s mistakes (perhaps)

S7




High

Model accuracy

Low

XAT’s future
research arena

Hybrid modelling approaches
New explainability-preserving modelling approaches
Interpretable feature engineering

Post-hoc explainability techniques
Interpretability-driven model designs

Source: Alejandro Barredo Arrieta, et al.,
(2020). Explainable Artificial Intelligence
(XAl): Concepts, taxonomies, opportunities
and challenges toward responsible Al.
Information Fusion, 58(2020), 82-115.
https://doi.org/10.1016/j.inffus.2019.12.012

Low

High

Model interpretability


https://doi.org/10.1016/j.inffus.2019.12.012

XAI & Data
Fusion

XAl and
Output
Confidence

Implementation
& Guidelines

guided Data

Interpretability

versus
Performance
XAI
Concepts
and Metrics

Achieving
Explainability
in Deep
Learning

XAl &
Security:
Adversarial
ML

Rationale
Explanation
& Critical
Data
Studies

Toward Responsible Al

Fairness Privacy Accountability
Responsible
Al
. Security &
Ethics Transparency Safety

Source: Alejandro Barredo Arrieta, et al., (2020). Explainable Artificial Intelligence
(XAI): Concepts, taxonomies, opportunities and challenges toward responsible Al.
Information Fusion, 58(2020), 82-115. https://doi.org/10.1016/].inffus.2019.12.012
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