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Schafer et al., 1999).
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mol FmeFe A e Avkyd B4, otolule] g oug
o] &3t LH*Q“ 7] vk .uJEqal UZg 2o A FH3I FHA| 2= g3 el
QA7 15S ARAYE @9 2y, agw H2
43 FAA 28 So| rkEAe 9, 2015).
W& ool el FaAsgle] Hg A e FUYL wEow

T (Predicting Student Performance)’} +Z

_4

S
=

off

.

N

2

o] i 9lth(Antonio et al, 2019). 53] gAY Q1 FFo] H3hsk gt
=@ =5 FHs= 45 &4 52 7hest a= olFel 9l
TR sE, +54, 2006). e skl 22 &S 2 He V1= A
2 A= sE ol =2 St A AE wAE AASA 2o '
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2019).
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AFEES WY FES AR tolH &HolA YALAA S st obxth
Expol Al 7F Adket AES At AAH
< 2840 E & F JdE=FH F+ 7|HolH(Resnick & Varian, 2019).
FHAA2Ee 1990t FWk Aw AE A4 (Palo Alto Research
Center)ol 4] Tapestrygl WY ZHH Al2"HES J)delm A 2HE Qo)
(Goldberg et al.,, 1992). Tapestryi= AF&X}oll Al 19 X <lo] HE| &3k
HdS Agsts A2gS AFEsER o AFEAE Bold 5 A9
g FHo] ofHA HHAM, AR Aol ofolgle] thdk HAIRkS o] &3}
FHAA 2~glo] WwastA H A vH(Sarwar et al., 2000).

A 2o A Fo] AFEEHAT A F4](Association
Rules) B7Fel A Alolel AU T5% #AAE Zolds WHo=
Y& 7]9k FAE = (Content-Based Filtering)ol]l al@3sl7| = 3kl 200613
ul = Netflixol| /] &3 HAAs|o A 4 3] (Matrix Factorization)
2 =3 d<¢ Z¥ Y (Collaborative Filtering)o] A¢twlo] 1 7|Ho] A
ﬂﬁ‘rﬂ‘}iﬂr(Bell et al., 2008). o] %o = ﬂ%x—?‘?_ FH 7S golu A

FHAI 2] TR AR E = dHolH = AFE-AH(user) ¢t ool ¥l (item),
AREAL7E & Ee w7 a9l H - (rating) &2 A, AFE AL &
of Fofst AHS HEow sl dES FEEH FE(Utility Matrix)
ojgtil gt} [1¥] M-1]2 FHA=HS A=, J3t5 deE3k 4739



AHEAL7E 370 9] ofoldle] et FHE Wi FEHEEH PES YEH A
oty ‘NaN' o0& FAIH e AREA7E ofolgle] FA S F-olshA] &%
S e, FH A0 F8d FAA dSstazt s diidol
"ot 5 28y ddolA AgA7E oln Ryt FHE T AFEA
7F w71 A g2 S dSste slo] FHAI RN Fad HxUF 9
o} old, fe2lE PHeo] WAl AE JMgol did NaN'e 7l5<] u]
&= HolH 9 3 AA(sparsity)ol#bal &b, [2d O-1]9 3¢ dHolH
3l A2 (4/12) <100 =33.3(%)o]lth. AT -] FH F3oA o}
o dFoln=E b

Do 7 S Ba AL§AE Bobeke ololwe T3]
B

B sladgel wig 2, ol @ A9 FUE BHe] 3 i(sparse)dt

OfO[&1
Of0|®1  OFO|®2  OfO0|™3
ArEXH 5 4 1
O}O|&l2 AtEXt2 4 NaN 3
AEAI3 2 3 NaN
A2XH4 NaN 5 NaN
[Z27 TO-1] AF&AFe] G3tol gk B3 ool oA

AP 7E g e F o HH S oS5l FHsE WA s U§ 7
b B 3 (Content-Based  Filtering) 3 Z B 9 (Collaborative
Filtering), Z18]31 ol F3 wWHo] AW FAAS sidsty] fla of

71eS Agsle stolB8l= Z¥H o (Hybrid Filtering)o] U
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Ak A et A
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Croft, 1992). ol& &o] AMEAAA 7AHE
T3t 7IAE Lol T ES
(Shardanand & Maes, 1995). =3 <
= 4E A2 T 939 SA4S T
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1 B & (Collaborative Filtering)> 37} A#9] FAIEE 7|RES
= 5to] B2 FE5S AU F= Aladom 7 ofol’le] A4 b
3 AR glol= AFEAFS] ofol’lel tigh FAHWS At oR dHY S 5
Atk A ZEHS vEy 7Nk 9 ZE g 2 7 | 2H Y
o2 FE AT (Mustafa et al., 2017).

2 Fof }% ofeldls  FHsk=  HIH o] (K-Nearest
Neighbor, KNN) & 18£8 7juto =z ololdlS Fsth(Sarwar et al,
2001). Wl=Eg 7vr ¥€9 Zd¥Ee A AEAR 79 €9 Yy
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(User-Based Collaborative Filtering) ¥}

(Item-Based Collaborative Filtering) .= Yt (Wang et al., 2006).
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o] th(Wang et al., 2006).
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=
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<& [O-1> A= Sk At 8

ofold i jol RAE (w) ;)

FALE AR uet vel FAE (w, )
2(7’71’77:_7’_11/)(7%!7:_7’_“) E (ru.i_;i)(r71,7j_r_j)
ElO—{% €7 i we U
(Pearson) 2 —\2
\/E(Tu,i \/Z \/Z i i \/Z (Tu“j_rj)
€7 el ue U uwe U
Zru.i ¢ rvi E 7ﬂu i * u 7J
AL ier ’ wE U "/
Cosi 2 2 2
( osme) \/Zru,i \/Zrbl \/ u 1 Z Tu N
€7 €7 uwe U ueU
YoM
7‘(|.o| E <Tu,i - Tv,i)Q E (ru,z' - Tu,,j)Q
i€l .. ue U
(Mean | msd(u,v) = o o, [ msd(i,j) = g o,
| 1] | U]
Square
. 1 1
Distance, - - - -
MSD) msd(u,v)+1 msd(i,j)+1

g JmoE @ AgAe 9% B

ofol gl = AREA} O] FALEE
| Alxrer 4= vk (Sarwar et al.,, 2001).

P, = <E I1-2>8 o

<E I-2> ol% 7w 4 FEYNY B o=

T
ALEXE 7|8t ool [k
er,zxwu,v ErquCUZJ
ve U =
Pu i Z Pu./z Z
qu’U wZ 7
velU =7

Ay & 5
A md gk d]) dE o AR A O}O]‘%ﬂoﬂ
sl dIFS 7A+= FA 229 (Latent Factor)e] k
= H ol 3E 8 (Matrix
Factorization)”} $1tH(Koren, 2008). ©] ®WH-E Simon©] #|¢ts}lsd L
(Piatetsky, 2007), Koren(2008)¢] Netflix Prizedl A A}-&3}o] 953} A
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de Q4R AHgEY] Addn @Y Pl Agat AFEe Wz

Nezrg TA"E Po REIRMXN% T A #BE(Latent Matrix)
PERM Ko QeRY* % ¥ PQTE YEhlE #olth ol 7]Ee]
i I R PQTE] AolE Aﬂﬁ}o}“ , Q2 et Bde

<
& A%

Ao HE bl BAAA B A
% 4E

(Koren, 2008).

o] H&& FHaslele WHOE HAF SH% ”?3( tochastic Gradient
Descent, SGD)o] AF-&¥t}. AL 3H7H L2
Ao)2 9= AHojslnz AZx9 AHgle] AL ﬁ]&@q{_ 24 o

ATHEAZ 9, 2021). A& B P, Q9 AiEolE dJ=2 gheo] ¥
Ao s £ oy AEC = RE A dis Aits st
W, 2t A Fdvit Fis dSsta d59] zolE At o] %
of ©=9 A3 #Zo] dHvHE F4st= A= WSt FHAIAYE
H QatE #H A 3HeH(Koren, 2008).

g<—qtv(e, p,—Aq)
pu <_pu +/Y (eu,iqi - )\pu)

_ T
(%’ eu,i — Tu,i_qi pu)

(9 O-2]= [ [O-119 #HEdE dEds P2 &S ol &3t

_11_



A FE 2 vEkd Aot A el e 272 dAslen, o
B4 AAF bR o FHEA A FoAA dHEe gow FAAZ
& ol
FEE H#E oEe A
OfO[&1  Oto|’2  OtO|™3 OfO|E1  Oto|®2  OLO|®3
AL XH 5.0 4.0 1.0 At2RH | 4.9728 | 3.9952 | 1.0087
A2 X2 4.0 NaN 3.0 ~ | AF2XE2 | 3.9881 | 5.1228 | 2.9823
—
A3 2.0 3.0 NaN INE=INK] 2.0116 2.9773 1.9499
A4 NaN 5.0 NaN AKXt | 5.6082 | 4.9883 | 1.6842

L EHIHL2I2 010|242 OtO| &3

A2 XH 1.7704 -1.0445

A2 X2 0.4462 -2.1931

ALXI3 0.0254 | -1.3841

AL Xt4 1.7518 | -1.5189

(29 O-2] +22E 2o A PPz o

stol ¥ g]= ZE| ¥ (Hybrid Filtering)< = o] 49 FH 7|9
o 7t etmeZe BHS weks Wy ol Th(Burke, 2002). Zulx 7]

2HH Y dY EyHHo]l 7= dRHES Bestan A4S Fdstele=
W o2 Burke(2002)v Thed 22 Ay 7HA] RS AbskAh A
A, 7t W (Weighted)& o8] F3 7o ol 7tFAE Fost9
shupe]l FHS AAdste Wyold. &4, A3 W (Switching)S A
Fe] wel S dkste otk A, &3 WA (Mixed)& o8
FH 71 FH AR wA AFEE WHelth A, 54 =2F
(Feature Combination) 7 &iig]Fol AlEH &= 2E AFE 9
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dlo]E wlo]lY (Educational Data Mining) #oF= A X
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tHRomero & Ventura, 2013).

dlolg wio]

o

9 tH(Antonio et al., 2019). &%
}ol TIMSS 2011 =& 23}

S

v 5d
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=

F

°
1?3_*

0
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=

LASSO 7]

(2017)=

KeR
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a4

23hd
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3t
of

=
<3

2] 31 Random Forest 7|W¥ S &-8&3Fe] TIMSS
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, 2017). ©]
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[Z2% O-3] 2% dolg mlojydxy} #AHAE FQ Hok(Z3 : Romero &
Ventura, 2013)

riot

8l #4](Learning Analytics)< &5 3 gkl HAStE 34 S o

i FHA sty 913 BH o2 shgatel dFate] Aol tigh ©o

HE 3, =4, 24 2 Buds gEo]t}(Siemens & Baker, 2011).

HUAH FA2019)2 StE 2AS AT AE Ee] Ads 9l
3

% erel A Ak, dlelevkeld 7
= PAN-%

o5

o
=
=
4>

o| g

il

’ =]
eo]| A 83l n - g5

4 Eiy
o2 AHg Z FAstY & dF ndS A Ldof A 5)
A AqS AA s Zo® Aot

&4 423 o =(Student Performance Prediction)< % ©|o]E] wjo]
Yol 8 35 T stuE, gAY A7 FAS VWo R v Fao
U AHAEE e E S F435tE Aol HH-oln. B2 g 4] o
Toll A st A~ (Learning Management System, LMS) 7] & ¥

)

= AFE ve 342 Ba SH9 B 9, A, AR 95 5
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Qi of Azgle stadlA £849 5 Al dn 49 94
oA stael FoH oo AAE &

= C
Q017D A5 FE Y Asdd 2F 2d 99s mayss] s

3t ‘Grey Area’ & A|<+skith. Chounta ¢ (2017a
7ol HE= 055 THoE A A o m AQke g o
NAEE g d&ed o dad 5 dvkal s

Grey AreaZ 7]+ 2= Above the Grey Area:™ stAjo] A& ksl A
o7 dFHes, 2 Y F9uT fo Us AR dqFH= gl
11, Below the Grey Area: @S o 3
o ot A& AHom dFH= 9o [17 O-4]39 o] 2ddH

(Chounta, 2019).

2
0
8
<
&
@
job)

& Above Grey Area

&5 ME
43802 ®
S S5 P Grey Area

0 & Below Grey Area

[ O-4] 24 22 993 2o t&38h= Grey Area®l 2
(%3] : Chounta, 2019)

40w 92 29 A BAAS ATE EARL. o AAA Y
AgATFAAE o] AP A el & AT A2 3 A

|

o] 9 FHE e AEaA

=}
9(2018) 7+ sto] AR BE HEo| £e Sw A7t Had
)

A Z+S The Zone of Interest(ZODZ A oJslal, Asd FEHH A|xH
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1. A8 $£3

1.1. TIMSS 2019

TIMSS(Trends in International Mathematics and Science Study)<=
Feh-e AFHE Fol HWHI FAM AGE, IEA(nternational
Association for Evaluation of Educational Achievement) F¥e] = x|
SHAAAE H7E dFolth. TIMSS+ 1999 F-H 2538w 438dx &
shal 28hd g o @ whel W WAL 7 xete] ot} e
o SyAEE 4, 442 72 AR TIMSSE S5

Fh g sheh ghmel did gk AR, aYm YHAme IFL F
‘/_‘[\__ T
Fo1el AAA AEH7] e

S
A Het ARl A |, 7%, 2015). 20199 FE TIMSS+« 7] &9
Fol Jlwe] APAAE 4E 5 AW B ®
2 B9l cTIMSS® A8tk ARG B2
A8 Aadel A4S ARHE AL AT EAE H2E 5 3
51, AAke] W, AAA gk, dele welsh A .

o] o] th(Cotter, 2019). TIMSS 8% 38 HALE Ald gt T 3970= Fol
A eTIMSSE Aldsh 227) =7ke] 558 <

<3
=
v
i
i
i)
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<E M-1> eTIMSS A3 =7} AH

e =7t MET M MET =9
1 Atz 616 1
2 sl 612 2
3 cietal= 607 3
4 & 578 5
5 2{Alof 543 6
6 2| Fof ot 520 3
7 olAzid 519 9
8 ote 517 10
9 o|= 515 12
10 A= 515 12
11 HEte 509 14
12 24 o| 503 15
13 A9 503 15
14 =28z 500 18
15 o|Efz[o} 497 19
16 B 7| 488 20
17 ZgA 483 22
18 ofEfofolZ|E 473 26
19 N 461 27
20 22f o[ Aot 461 27
21 7IEt2 443 30
22 SE 441 31

1.2. eTIMSS 2019 884 438 HAHE AR FX

TIMSS 2019 ©|o]El+ International database®Z%-E] uje o} o] 83}
AT, TIMSS dHelHes A st AH  doly 3 (Student
Achievement Data Files), =7} W A4 A2%= 1Y (Within-Country

1) https://timss2019.org/international-database/

_20_



Scoring Reliability Data Files), @2} dlo]H 3} < (Context Data Files),
AMZ e 2 752 M (Sampling and Weighting Variables), 7% 2 A

Al W= (Structure and Design Variables) 52 & A ¥ o]

1.2.1. g7t 2 A4

TIMSS 2019 B7te2 A WE 993 A 9= 724
A Y& 99 4(Number), t5=(Algebra), 7]3H Geometry), A&}
E(Data and Probability)o] 4] 7} 9oz o]Foz Qi 2AXA|
£ %2l (Knowing), A& (Applying), % (Reasoning)2 Al 7}A <
2 olFox Adu}. TIMSS 20199 83hd 43 HI7EL <%
Z-cH(Mullis et al., 2020).

o 18 do 2

1% 0.8.4

o

=
o
V
s

<3 IM-2> TIMSS 20199 8std 3 H7l=(F9] © %)

IEEE olx| gof
g9 | % SRR 88 s
H| & 30 30 20 20 35 40 25

TIMSS+= Algkd A[F QbellA S A Fo4T = e EFdHY
B Tl did SHS dshy] diel, d3E AEY HIS AHEshe
14719 vt HAAE FAST 3 AL shue] HAKE Folnk
¥, shve] AAAE T o9 FETeR o]FoA Yl £
MEOLIF-E] MEl47b4] & 14702 oz ow, 1M HAMA = ME01#
MEQ2¢9] #aa- o2 o] FojAdrt. weba 7+ #3h2 A gs] F+ 7he A
AAel E3kE o] 9lom, AA HolBZF RS $
JE WMAYSE AT (Mullis et al, 2017). &+ stg e
A Fojwtol £ HEg 3 Bt BE H7be] g5 FaT
g g w3 e 1270 ol 1670 o]st=,

Sk A2 2570 o4 29709 s EA HUh

0.

hm i

o rﬂ
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1.2.2. eTIMSS A= A& F+X

eTIMSS 2019 A= A5 Fx2v Ao digh AR} L& -
g SHOoRE o]FoAT. 4 o= Ao =7} Z=(IDCNTRY), 7
of e AL WE(IDBOOK), 3w H=(IDSCHOOL), & =
(IDCLASS), 34 s=(IDSTUD)®| Br9} A Sgube HAA &3
of tigh MEAQ £ - 9T T AES LA by Fo] 7
= 5o 9ltt.

I -i

T 4o VEe AEd A% 1, 7Y A 022 VEFH
otk ZEA A dHeolH= AF 7|Rke] TIMSSo| = $lom eTIMSSY
T 71 S5l HolHE, AFEHY HESE ol &FoEA dS F 3
= A2 BERE F/HHORE FH6HH, F AES Zg A2 HolE W
F7F F7FE E£3H0o] k. A WA dolHE 7 w3 ddst=d &
Q , = SR 71EHo] k. F HA HolEE 7t 3o

282 &3 4
ME72083_Fel= W= 7] 5t

A elslH, TIMSS International Database®l A Th#Z =3 SPSS ]|
Hel Fel= 3 Ao g kel g 7 ST, e E yElo
A= A8 tssts B (HL, Mg, A8AHSRE o] Fol4
ATt ol E =° ID7F 50010115%1 st o] ME72190 3ol tjgt 7] & o]
(1, 2, 42.628)°]2}= AL o] ¢&& Fod 42628%7F ~8 5
HO| Al g AeS dFteE S on] )

TIMSSol A Me =3

o o =
huy = T
2 x| F 20270t} olul &&el LFIF dE dF o] o st
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1.3. eTIMSS 2019 #A&9 7|& &7
e TIMSS

.......

R 2| N ] o TR S W ir
IR B Ty
Of —_ Y © %y ,AE oo = ~ O_w —
o — P ’
=0 = = o DT._ N = e
N 3 Mo mR <
—~ (9p) — —
o oo w| = & o wT P~
S| - e o N gy X F
- N =) o o0 ~
o B ol = ey H S T TR
T = 7| = I TR KRt
S o O N ﬂ
o0 =| ~ = © o U =
«x = =y o T 8D
m__r.m_v - L = m %m__ o DR T
o O_,._ ﬁl = m M - 0m ﬂwo ,H_LII
al 3! ) S| o S olo N M 1
= RIS T g S
,m,ﬂ FJO IJI [o0) % K mO ;Idun/| S
AT o m N = — 7_l > o — OH_,O |
T g S 2,5 @ 8% o
N — -~
AT oo 5 < S M — O M — AN
T = 2 =] 2 T 82 X |
~~ ™ = — ‘~|!.V| H ~ q .‘W
L A ™ S S B 11w_ N
;OO LL — N — .rOO
uf, 5 - = M m = % o
1_| . = = <t o g
< om B S R S S = &
- — nk = rH m ,
= oo EO il o — < : W M ~
T 5 = = il N o] o
RO gl < | 8 Ie R ISR
. © w S ~ | < W oo oV mof S
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R AE 7] 2 G B
T h @ = i =0 W g B o B
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<z MM-9> AIRF dloly W&

Azt He ® SE %

0= =2 30 o3t 1 58,515

30%= =3 60% olst 2 72,201

60x Zzt 90% o5t 3 40,930

90 =3 120= 0[5t 4 21,335

120% =3 150 0|3t 5 11,729

150F =3t 180= 0|3t 6 6,952

180= =32t 210 of3t 7 4,360

210% =3 240% ofst 8 2,825

240% =1} 270% olst 9 1,317

2710 =zt 10 4,352
Z Aelds Bl A B7F 7]£8 2 RMSES AbSste] Hlarst
AR FHh RMSE= 0 o1de] & 7hAm, el A& AR=7t =
s UERY ®3 2 =l bE S ElolE 5 ALl sk
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o] E &= oo zut o] = precision, recall, F;¥+ ROC curve %
AUCE #H71g & Jom=z s udddrt. precision, recall, F,
<i& M-10>¢ &% 3 E(Confusion Matrix)oll 4] &2}
o, Accuracy(ACC)E= HA dS3 5 LHS oW
& AR 53 vleS dehdle 7P AREQ Ag =gt
g = Ao &5 HoA TN(True Negative)> A A 29 oo
o =3 A, FP(False Positive)= A# 29 u Ago =
A, FN(False Negative)> AA AgS e@o=z o3 7, TP(True

Positive)= AA] AES Agoz o =3 A9 /M4-E 9wt}

_38_



<3} M-10> <53 = (Confusion Matrix)
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(True Negative) (False Positive)
L ™ s
(False Negative) (True Positive)
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pr TP+FP
g —_ 1P
Tt T TP FEN
2
F o=
1 1 1
precision  recall
4 B TN+ TP
Y = I'N+FP+FN+ TP
=@, 39 As BAE 9Md AZdd xdL AT
ROC(Receiver Operating Characteristic) =4S AF&37| %= sl&=d|, o]

T4 oW EFRANA 7Hed BE dAF W3 FPR(False Positive
Rate)?} TPR(True Positive Rate)®] B &S 3@ Z o] th(Schroder et
al., 2011). ROC =4l otegf ¢ @o] AHAFE A =7t FopAH, o] o
o F [29 M-A4]aA Ak BES AUC(Area Under the Curve)z}
gl 9o BH7Ie AUCE 052, 7 A=/ 2845 AUCE

1o 717k Z o}
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ufeto| g

NormalPredictor

Baselineonly

KNNBasic

KNNWithMeans

(AF2 X} 7

[=)

KNNWithZScore

KNNBaseline

Hho[= 74 = 70

(ofol 7[tho| R :14

SVD

SVDpp

NMF

g stebvEE A 13749 Mg Avks <E

-2>¢ Zow HXZE folH ¢ H& AAete] A3
£ N2> $ueE oo JFE 2

212 E 0] SF ACC AUC RMSE

ol 2n2|E NOR NormalPredictor 0.5088 | 0.5060 | 0.6104

71& ¢anelE BAS Baselineonly 0.7240 | 0.7995 | 0.4309

KNN_U KNNBasic(AH& At 7|“ 0.7393 | 0.8135 | 0.4181

KNNM_U KNNWithMeans(A+& 0.7387 | 0.8123 | 0.4191

KNNZ_U KNNWithZScore(A+E 0.7378 | 0.8110 | 0.4201

KNNB_U KNNBaseline(AH& AL 7| 0.7389 | 0.8134 | 0.4184

KNN_| KNNBasic(oto[ &l 7]t 0.7061 | 0.7583 | 0.4483

KNNM_I KNNWithMeans(otol &l 7| k) 0.7368 | 0.8065 | 0.4230

KNNZ_| KNNWithZScore(oto[ &l Z[&H 0.7364 | 0.8069 | 0.4228

KNNB_| KNNBaseline(0to[ & 7[&H 0.7370 | 0.8065 | 0.4230

SvD SVD 0.7041 | 0.8028 | 0.4476

SVDpp SVDpp 0.7351 | 0.8066 | 0.4236

NMF NMF 0.7273 | 0.7991 | 0.4295
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o]F o] Aeg WPt WA £ JHH o= HI=E vust
ekl MELLO &3 5 1453 Z42tel] sk o5 Aegegs 3ris 4
= <F V-3>3 2ot
V-3> & o5 Jg=(ME1)
ACC AUC RMSE
KNN SVDpp KNN SVDpp KNN SVDpp
MEG62271 0.7178 0.7255 0.7710 0.7810 0.4377 0.4357
MEG62152 0.7232 0.7290 0.8060 0.8100 0.4232 0.4233
MEG62215 0.8150 0.8080 0.8591 0.8562 0.3588 0.3633
ME62143 0.8184 0.8179 0.8702 0.8715 0.3606 0.3702
ME62230 0.6791 0.6323 0.6336 0.6219 0.4645 0.4877
MEG62095 0.7105 0.7238 0.7708 0.7747 0.4372 0.4375
MEG62076 0.7163 0.7279 0.7870 0.7923 0.4244 0.4251
MEG62030 0.6550 0.6592 0.7041 0.7071 0.4669 0.4693
MEB2171 0.6763 0.6816 0.7398 0.7441 0.4512 0.4508
MEG62301 0.8037 0.8058 0.8156 0.8160 0.3718 0.3727
ME62194 0.7415 0.7370 0.7257 0.7271 0.4123 0.4141
ME62344 0.7948 0.7962 0.7729 0.7803 0.3836 0.3853
ME62320 0.7685 0.7718 0.8007 0.8088 0.4068 0.4091
ME62296 0.7400 0.7490 0.8204 0.8260 0.4170 0.4165
T Aro wet AA Jd9d yE 94, sesd 9 £
JHZ TR 72t &9 AY FES o 53 ACC, AUC, RMSE<]
7S Hwe dis <3 V-4>, <X NV-5>, <% NV-6>, <% NV-7>
A=
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<& N4> Q1A g oS 8%
o] ACC o AUC H# RMSE
KNN SVDpp KNN SVDpp KNN SVDpp
X|Al(32 8 0.6911 0.6798 0.7148 0.7157 0.4511 0.4581
2728 0.7405 0.7451 0.7858 0.7899 0.4144 0.4161
FE2(28H 0.7759 | 0.7775 0.808 0.8101 0.3904 0.3934
<E IV-5> U& 9 o= A=
4 ol ACC AUC "7 RMSE &
KNN SVDpp KNN SVDpp KNN SVDpp
A28 0.7686 | 0.7701 | 0.8266 | 0.8297 | 0.3951 | 0.3981
4428 0.6902 0.6858 0.7239 0.724 0.4482 0.4549
7|8H32 8 0.7405 0.7415 0.7604 0.7624 0.4118 0.4125
xt2ot 2328 | 07678 | 0.7723 0.798 0.805 0.4024 0.4036
<E N-6> 39 844 9% 43n
g oo ACC Ha AUC HT RMSE =
5t¢ 24 KNN SVDpp KNN SVDpp KNN SVDpp
He(128) 0.7232 | 0.729 0.806 0.81 0.4232 | 0.4233
20l A%(128H 0.7178 | 07255 | 0.771 0.781 | 0.4377 | 0.4357
H|, ]2, BESR28H | 0.8167 | 0.8129 | 0.8647 | 0.8639 | 0.3597 | 0.3668
Al olAL HEMAl(32 8 0.702 | 0.6947 | 0.7305 | 0.7296 | 0.442 | 0.4501
Ao} sH(1 28 0655 | 0.6592 | 0.7041 | 0.7071 | 0.4669 | 0.4693
7|5t mekml EHEEH | 0.7405 | 0.7415 | 0.7604 | 0.7624 | 0.4118 | 0.4125
X223 0.7816 | 0.784 | 0.7868 | 0.7945 | 0.3952 | 0.3972
HE(1238H 0.74 0.749 | 0.8204 | 0.826 0.417 | 0.4165
<E N> 2 38 A5 A9E
o a on ACC o AUC " RMSE &
=e e KNN SVDpp KNN SVDpp KNN SVDpp
TANHET2E) | 0.7643 | 0.7665 0.8069 | 0.8096 | 0.3974 0.4001
Mot (728 0.7157 0.7143 0.747 0.75 0.4334 0.4372
HA w3ke] ] Jdq mel RIS w, ACC, AUC, RMSE®] A4
BF dF Ades XA e FE Y sAYZE =9 S 99



of met FEAS W, R A ES g9 Gl
Se e o gl sl axeldt ACC, AUC, RMSE] A
2 ush ulg, MEE G0 /Y FIES mon A v o
o WAt FEgnh vAteE B fPS A HAEANA BF T4
o] Heguct REs} Edeh A AR Wa e 9, GG WA o
29 AFE w7 PR ANRPonE AT Ao} EATL F
A% % gt

1.3. =71d o= A= H

eTIMSSol| ol =7t F 22702, A5 gidd &3+ MEI0OZ

MEIllel &&38 Ao = & =71F oF 3007 HL=olth stao] &3t
7kl e 2% A - o d59 A= Hues F b gHer A
ik A WA WS dFstaA sk I I HAA Ao
MELIZ &l o3 B34S HEE dolHE, YA EE dHelHE d
deole 2 dgste] o33 wiolil(global), F A WHe g =7}
of dolgrtE ARGt i =7ke] AR Sl MEIL =& v
FHe HEE HolHz, did Il yrA FAds Fd dolH=
A7gste] oSk W ol th(local).

ME10 ME11

Trainiset

user

ME10 ME11
Trainiset

(18 IV-2] =7k oS0l AHE3E dHiolE P H

(9% : global, &2 : local)

Testset

Target user
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Abstract

A Study on Predicting
Mathematics Item Response

using Machine Learning

Hwang, Su Bhin
Department of Mathematics Education

The Graduate School

Seoul National University

With the recent years of expanding the field of educational
activities from offline to online, a large amount of data related to
student activities has been accumulated. Learning Analysis which
collects, measures, and reports data on learners and their learning
environments has developed. Besides, efforts to utilize the data
analysis results for education have continued in various forms. This
study analyzed the correctness and spent time data of 8th grade
students in 22 countries among the eTIMSS 2019 datasets to predict
students’ performance. In addition, I proposed some recommender
systems to suggest appropriate tasks to students.

Measuring the accuracy of predicting the correctness and spent

time data, user—based collaborative filtering was the best due to the

_85_



characteristics of the educational data. On the prediction of
correctness by each item and each country, the result shows that
there 1s a difference in accuracy by domain of item and each country.
Patterns of the prediction of countries with high achievement were
different. Finally, this study recommended some items to each student
by computing the Zone of Proximal Development proposed by
Vygotsky. The performance of the recommender system was
evaluated through the students’ actual correctness.

This study aims to develop various meaningful recommender
system methods in the field of mathematics education. In addition,
this study can provide accurate and transparent information to
students and teachers wusing recommender system since the
algorithms wused in this study are relatively easy to interpret.
Therefore, 1t 1s expected to help processes of designing and
developing recommender systems in mathematics education, and to
contribute to reducing the educational gap by providing personalized

education through the question recommender system.

keywords : Learning Analytics, Recommender System,
Machine Learning, Collaborative Filtering, Predicting Item
Response, eTIMSS
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