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ol w7

L. AFAE AFAIZHATS)

7} JAFA 5 1S A 2~Hl(Intelligent Tutoring System, ITS)e] 71
E

o]
=

wollA AFAT= st wgdases MAdstEE de 19899
“‘Journal of Artificial Intelligence in Education’ ©¢]g}+= st&x] 2] W7t}
1997@ ‘International Artificial Intelligence in Education
Society(IAIED)” 7} AHEHHA 305 XY= ohAls=x, 2020).
Baker & Smith(2019)°] W=, nFoA &E&H= UAFAS

o
A9, WA A, /\léE“ el A ERE £ sl 4%;4 oK
1

Intelligent Tutoring System(ITS)= LW FQ WS FEofo

A Z8E F e AFAFTLEAN FHY} $a, AAE SdstA AT

1 9= HololthHolmes et al, 2019). ¥wtd oz [TSE 3 wite}
2ol Aol YA FRE ZFI Ave FYolA 7 FAo] wEY o
A SEFE & F UAEF &85 QrhAlkhatlan & Kalita, 2018). =,
ITS= 71 A /AdEs FotsAY, HH dAE st HA=EE A
FAFAY, SFol WFHE= T dolEE =AY TES ATt
SAEo] st AHE 24T F IR ToFEY 2EY yewe F2



SHy el Aol AU LE9e AEsde W o] FoHeH, 54 TS
= AALE, 39 dolx, g¥ AlE: AR ShEHY, SERE 52
aste] Hews AFeEsE HAHYE s tHAF =, 2020)

ITSe ‘AeAs AFA2R’ , ‘Asq FEHDE A=, ‘AsE u
T A2, RJEAS 7 ASA 2 SoE tofstA HAEH &
g Aok, B4, 2020). B ATFeAE ITSE ‘U3AS %
AzE o7 gojol HFoE WAL & A7 ol&H HiACdAE &

o] dolol ouE 4 A ITSzh %Eix} Ela=
TS [27 [I-1]9} 2ol Al 714 F Z1hka| A JlerEic) sy
Eo] shgafof st U832 A2A)¢l ‘=vel 2dd(domain model’ , &3A
o2 723 £ e HTHO ok A2 ‘s =EP(pedagogical
model)” , Aol thst A2l “‘ShgA E@ll(learner model)’ o 7]RHEs| A
NEET o & 50, 25N 59 MES 71201 7S W,
2 Jide =r]l 2Y, VHEA s 3ACA F1E F e SFHLED
Holu} QA2 Faf, Az} 2 TtEA = Ao g e ng
2, kAt skt A4 9 sl AHe g B2 RS 5 9
o ITS= 7IE gAoA 2Ed 1S (adaptive learning)-& AAE7] 3l
sl 2d, we 2d S5t 2d-s &8t Luckin et al., 2016).

:lm
1o
N
>
é

Hj

st} SIE{HO|A
@ gnels [ﬁﬁaﬂﬂlx H GolE 4 ]—\——[ ool g M- Qﬂ,‘fifgg

(19 1I-1] ITSe] 37}A] ++4 24 (Luckin et al., 2016)
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ITS7F 71&9 AFE 7Rk stgA 283 FRE= 71 & EAo] ‘8
&2 24’ o]tiHolmes et al., 2019). &5 2d& sk5A7 TS A
Aow FsAgste HAo i FRE FHstd 28y, &8

2171 wj &oltH(Grawemeyer et al., 2017).

4

ITSe] AHdlZA4 7Hdl7] 24 (Carnegie Learning)oll A 70k wjA]o}
(Mathia), ENewton)oll A 73k deRalta)7t ATk Mathiaze 7Hd| 7]
HE ggue] A5 7|t g vt e, oldels AAH i
AHCognitive Tutor)®2 £27]% 3Flt}. Mathiax K-12 StYES s <l
A% 7Idre] BEY

2~
T
MEL ARy Al =
s

Altas= gt tido=z 538, AA g, stet, SAY e gt
AE o577 a3l AEESTE atae] gy Zde EukgolZ(tem
Response Theory, IRT)E 7|§te 2 FA4EHY RTE 449 #3HE=E 2
s, 24 B8] Age vEoR F54, BAY HToE £ do

H& FEs5te S Z3thEmbreston & Reise, 2013).
o

FAB5 L AR TAHYET, B0l o)
u
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e

of Power Series

INMENT OVERVIEW

Limits From a Graph or Table

Question . (u)
Given that lim fi{x) = | and lim g(x) = -4 )

evaluate the following

(19 [-3] alta®] AF&3}H o Al(Knewton, 2022)

aEal TS 2§t ol 82 axyd Hr77h ol Fo A4t
g Frke st AF=o HsHNeH, AAFAAA ITSE &8
stAe A, wAkel oa 1dlE AxE T2 AS, AFE Ex £

(Computer Assisted Instruction, CAD) Al2®lS &83 4% 53} vlast
o] o] o tHHolmes et al., 2019). Kulik & Fletcher(2015)o] w2 ITS
= ARbo] AR A=dte wg FFo o]2IV|I7HA =EEte o] F3E0]
), ITSe] &35 wol Fol7l 3AAT oFA7A = 1]l ol 24
g AAE WA EIuar ATk SHAIRE ZFel sl HlsiA = 0.47
Axo Jts He &3 Z7IDE YehdY, asHo® FAZA airt
oa itk shdly] WE oisae] Mathia A7AL [TS7F Expx o=
AEElE ARG E WY #YBlended Learning) W2l o2 ALEE o
7t aaHolgtn FAstGTh ITS7 Al 223 452 2 aalA v

D) 7bs Bat 2 7= AdAA

=2
HiRtE 2oiA A=A &

38 N
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WAL Qlo] EARA o7 ALRE 7| of2] FESIA| o, sty Eo] E
A= Y A3oA ez, T WALt A IFHEE 5T u
e g3s 4S8 F A= A olHHolmes et al., 2019).

. sk Tsel A 2 53

AEA TS ¢olx= t3}d ITS(dialogue-based ITS)o] Ut th3}3
ITS+= DBTS(Dialogue-Based Tutoring System)e]gtilx= & =6, TS H
GAZ Hewa JES AFstes AL ZAT, AAo] A E(Natural
Language Processing), 73 %14](Speech Recognition), £]w]4}(Semantic
Analysis) 71&& 83t S5AE fidlo] FAA7IHA AEES
T AEF FHAFE, 2020). st EUsta FAE FA717] A8l
7ty waln yFslE AlAE & T 3 A o] thRussell
& Norvig, 2016).

3y ITSe] o2 Memphis thdtollA 7§23 Auto Tutor, IBM3}
Pearsonoll A 7%te Watson Tutor’b QAth. Auto Tutorz} SHAYECIA Af
22 AAE Agetr] f8) e Y™, Watson Tutors A E°] 7]
= A4S Zo] o3 F JAEF e FHhH(Ventura et al., 2018).

Auto Tutor7} &st= 9 F STAZE, 3 2o WA, 184
2 28Rl ZddA e F2 otbtebyl UetuA AE ZAE AAIS
o 2PAIR St AlzHlel He dYEAY Lol ZEtAA &
gttt 39AIZ Auto Tutor= Aol 7id& AEstA olsisleA 2A
ot ol St EY " wHA ZEA(Corpus)ol A= HEH drpb o
Ask=A] Hrkste] APFTh 4AGAZ vEeF Ao S AR o]
stAl X TE, g edes FotFAY JewS ATt STA
2 o|H9] 274TAE WHESIHA St E0] T HRE 24T F A=
= F+=HGraesser, 2011).

o}
=]

rok
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When acar wilhout eatrests on e seas 5 STudk fram behind, the passengers often suffer neck injuries.
Why do passengers get neck injuries in this stuation?

[19 1I-4] Auto Tutor AF-&3 oAl (D'mello & Graesser, 2013)

&2 Auto Tutore} HAJo] dislel= Abgllo]tiNye et al., 2014; Holmes
et al., 2019).

Auto Tutor : (FEE) & o] A Hsfst= dedHloly <ol 9l
S A" 4SS EoA FUTL L.
w©=

G4 5e o Fhe? 1D A7 olfE A

FA L
St A S A olA @Al AR HEY o8
Auto Tutor : (7F AR ) U A= Falo] & © AHE 4

A
A dAEY
Auto Tutor : (3
SHA - ThEETE R
Auto Tutor : (&) A7} AW EA L. 7M4EEE A B AY =¥
A= AATY Aol 2 459 Wslgolda. VEEE
A Fol7] Wil WEFe 7HA L Y&,

Auto Tutor : (RIE) 2 ©A & ¥ EZF.
== AL7ta?

m g
u
i
N
lll
i)
r
(e
)
X
I
k
rlr
2
e
)
R

2
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st - AelulolE kel BAL sl&EE Az uolEel sl o}
2. OE A7 Y JEro &,

Auto Tutor : (Zt=tsh ] =wl) 2 gloj Q.

9 g3t AtglelA] ¢ 4 9%o] Auto Tutor:s IS A A Fo)
FAE AAlsta, wkeF Ao Fo] HEsHA| o, F7F ARE
TeAY JEE AFsr|= stk 28 SHA 9 FE AFES

o3} =

FAFT, G4 NES ATHT. wor o] Hue wEAGY I

o L

Holmes et al.(2019)°] uwt=w, Watson Tutori: Pearson®] i1%58tnl
WEE T2l REVELY B35 oA A&t Watson Tutor= o
st #EjArt AFgH 20 EEHE ARESt SAEC] EvMtE He
o]Fojd F UEE =oFr Sty e Watson AlZ=H oA wAl
Hgog 53 ERrEde o EREH U" T =9 F

obditt, E3] Watson Tutore] dhsar mdle  “/ubz &
(open learner model)’ ¢ &% Fdst=d], dAH wFAsE e

sheys AR ASHes YUY + Yok

rr

19



Mastary Meter:

Learning Objective

Describe factors associated
with the environmental
justice movement.

Describe environmental racism.

Describe how the environmental...

I'm not sure

Because poor people don't have the resources to fight
the industries

Why do impoverished neighborhoods suffer greater
environmental harm from polluting industries?

What creates environmental racism?

Environmental racism is due to institutional and structural factors that lead
to the greater likelihood that nonwhites will live in high-pollution areas. I

e that he

[19 1-5] Watson Tutor AR&3}H o A] (CAITLIN MACRAE, 2022)
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&, I oZDol we, sfelo X FstugolA AEATo] &
d dyse A [IEAs 7N g FHxT . flEAE 7Nk W
F FA9E°, ‘UAFAF wSHA 2"ntelligent Tutoring System)’ , ‘A
E3hd HUE ¢ Zo] A2 FES F AT

A WMAZ, AAT 7IH 1§ Fd= A A7SLS F2 25 Zd
=9 W& 9= AF Mdsirind= ‘HdHely’ 9 ‘2RI
of 5% &S Tl st A, A7 o"A WEA=A 278t
© d7E0] BT, =#rn], 2021). ‘Hlidoly’ #Y FAdTEE
wFEA7E A" HAE2AE &85ty staAts e o2Ry 4
SR HelHE sk, 24FeEN TFEXL vle-= W] dE
& ot wgHozm FEEuA 3YtHAinley et al, 2015;

=]

gk 4

U, AL HlolHE ojgA Badtel £y A
st APt ATSEn. BREF

AA olTolAE 21 F3} BH £
o & &8I duYyEFES T3 HA <
¢ FAMAE st EEAS HAE F Ae 9FS AR AT
(Green, Billinghurst, Chen, & Chase, 2008; Zhong & Xia, 2020).

T HARE, JAFAE 7N Fu S A wSIE FHEol gkl o
gt FAE Bt Sy FAEFL SgAElAAl(Learning Management
System; ©]3} LMS) g} o]E0 8 w-&Fs HoliAs F=2 Afsta Ytk

‘Al 71HF w8 ZE(Turnbull, Chugh & Luck, 2020)° & Al 7] A
95 sk UAE SRl 71E9 e-2d LMSel

o T off

i)
o
N
v
o
o
o
ol
ol
k]
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A HA =2, 4@%&7%01]%4 ITS«] g8 sk A= woke=u

T2 Lol gom, X~Lwﬂr TouFoAE dHHoE v FsH
& = ok (Xie, Chu, Hwang, & Wang, 2019). 1&]1 Steenbergen-Hu &
Cooper(2013)+= 1997dF-¥ 2010d7+A] 25394 F5 —’F?‘i, AFA A ITSE
483 26709 A5 WE B4R eH, ITSY &3 a34s oln &
Qg v} Aot sk TF 2012 ImageNete]2t= Computer Vision tff 3] oj| A
Hed 7lso] F5S e ol JIFAF 7Ie9 dsol 543 FoA
U%/H(NVIDIA KOREA, 2016), =, T SoA ITSE &&3t= 2ol st
T AMEA H2T 2871 BFHH

Lﬂ HARE AFAs 7IRE F8tsks Hrlol ek 7% o] Fo AL 3
o JAEA T 7IEe BrFEYe 483 AEEe Asdd Asd Brt
(Automatic Writing Evaluation; ©]3} AWE)o] o AWE= s &o] 24
g 25 AlzHY &, AlzHlo] Apdo] Ao} oAy Jes &
st St EolA AEstE HEWS AFdAT=  AlZ~H o] thHolmes,
Bialik, & Fadel, 2019). 181} AWEe] 2|3t mj=wle WA} A|F3dh= I
cHlo) vls| &3t RHE F JoE=E, ofA7FA = AWES] $Hg 3
2 o]g]& Aot Trenholm & Peschke, 2020). =3k, 43} “IJJrL 24
£ sfAdste o] di-¢ hFstr] wiiEol, AWEE #&3ste Zol A
RTHY S, HHw], 202D, wekA  HE-AEstE ¥ 7Hsemi-automated
assessment)E &8 = ded, TF fiHel o #F BRI F Ae &
A= A z=Hlo] Hrtsta, X}%Qi =757 & Al wAPE AH 3
7}Vl == 3h+= Zlo]tHBescherer, Kortenkamp, Muller, & Spannagel, 2010).
oUW FguE AdTNANE AFA T #H dFE0] Uy FguS

JAFATY &87s4de FAITAKIAE, sd, 2018, 2344
%], 2018; BFgk, 2020), "J%—X] T ALE Nk
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Abstract

Development of Data-Based
Personalized Instruction Design
Principles Using Artificial Intelligence
Education System: Focusing on

Elementary School Mathematics

Honggyu Lee
Educational Technology, Department of Education
The Graduate School

Seoul National University

As the performance and utilization of artificial intelligence
technology increases, attempts to apply artificial intelligence to
teaching and learning situations are being made. This is because
artificial intelligence can diagnose individual characteristics and levels
of students, and provide personalized learning materials and feedback.
Personalized instruction can provide individualized educational
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activities so that each student can achieve meaningful learning. In
particular, personalized instruction is in high demand in elementary
school mathematics. Mathematics is hierarchical and systemic in
content, so it is difficult to proceed with follow-up learning if
pre-learning is not done properly. Therefore, personalized instruction
according to the characteristics and level of students is necessary.

However, there is a realistic limit to meeting the demand for
personalized instruction in numerous classes of elementary schools
where one teacher teaches multiple students. A lot of prior
research seeks to find the possibility of personalized instruction in
technology. What can supplement the realistic limitations of
personalized instruction is an artificial intelligence education
system and data-based instructional design. This is because the
artificial intelligence education system assists teachers in
diagnosing learning, recommending questions, and providing data
that can be referred to when designing instructions. However,
through previous research, it was confirmed that it is difficult to
practice personalized instruction with only the AI education
system and the data-based instructional design itself. Therefore,
specific guidelines are needed on how teachers or instructional
designers can practice personalized instruction based on data
using artificial intelligence education systems.

In this context, this study developed instructional design
principles that elementary school teachers can refer to when
designing and executing data-based personalized instruction using
artificial intelligence education systems in mathematics. In this
study, to achieve the purpose of the study, 1) developing

3 1 £ 7]
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data-based personalized instruction design principles and detailed
guidelines using an artificial intelligence education system, and 2)
examining instructors’ and learners’ responses to the developed
instructional design principles.

By the design and development research method, this study
reviewed prior literature, empirically analyzed needs, derived
initial design principles and detailed guidelines, internal validation
(expert review), external validation (applied to the educational
field), and derived final design principles and detailed guidelines.
First, the initial design principle and detailed guidelines were
derived by reviewing the preceding literature and conducting an
empirical search through interviews with two experts for needs
analysis. Next, a total of 9 experts reviewed the initial design
principles and detailed guidelines for internal validation, and the
3rd design principles and detailed guidelines were derived through
revision and supplementation per session. Next, for external
validation, the instruction was conducted by applying the design
principle to ‘multiplication of fractions’ (11H) part of the 2nd
semester of the b5th grade in the classroom of one class (24
students) for one month. To this end, the artificial intelligence
education system (i-scream Home-Learn) was given to students in
advance, and pre-and post-tests were conducted to measure the
affective domain of mathematics subject before and after class.

While the instruction was in progress, the researcher observed the
class five times, and after the class was over, a satisfaction survey
was conducted on 24 learners, and interviews were conducted with
one instructor and eight learners. Finally, the final design principle

11 2 1
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and detailed guidelines were derived based on the results of internal
and external validation. The design principles and detailed guidelines
developed in this study can be classified into before class, during
class, after class, and learning environment aspects, and consist of
10 design principles and 27 detailed guidelines.

As a result of interviews with instructors and learners, the
instructors were satisfied with the fact that based on the design
principles developed in this study, data were collected through the
artificial intelligence education system, and instructional design and
learning management were possible based on the data. However,
the data that can be referenced for this purpose are limited to
the percentage of correct answers per student, percentage of
correct answers per question, average daily learning time, and
assignment performance rate, and they responded that a lot of
effort was put into the instructional design. Based on the design
principles developed in this study, learners are satisfied with the
fact that they can identify and supplement their shortcomings by
using the Al learning diagnosis, Al question recommendation, and
Al dashboard functions of the artificial intelligence education
system. However, they regretted that the personalized feedback
during the instruction was not very different from the feedback
of the existing instruction, or that there was no time to
individually perform personalized learning tasks after class. Both
instructors and learners were most satisfied with collecting data
during class through the Al education system and using it for
instructional design and learning management.

In the class satisfaction survey targeting learners, they answered

'3 e 11
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that they were generally satisfied with an average score of 4.28
out of 5 points. As a result of a Wilcoxon Signed Rank Test
through pre- and post-surveys that measure the affective domain
of mathematics, ‘interest and willingness’ among the six factors
of ‘interest, attitude, value, motivation, willingness, efficacy’. We
were able to confirm that two factors were statistically significant.
The period for confirming the effectiveness of the affective
domain was short, and as a study of human subjects, it was not
possible to conduct a rigorous experimental study, such as not
being able to control external variables. However, through the
results of the learner interviews, it was confirmed that the
student’s efforts were directly reflected in the data, resulting in a
willingness to study, or that they felt good and interested because
they were praised based on the data.

Based on the above research results, the instructional design
principles developed in this study were discussed in light of
previous studies, and implications were drawn. In addition, follow-up
studies were suggested based on the limitations of this study. This
study is significant in that it provides a concrete plan for designing
a data-based personalized instruction using an artificial intelligence
education system in elementary school mathematics classes. In
addition, this study can be said to have value as an example of
design and development research that differentiates the role of the
teacher and the role of artificial intelligence by introducing an
artificial intelligence education system into the educational field.
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