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ABSTRACT

As information and communication technologies are being developed so rapidly, education research is actively conducted to provide optimal
learning for each student using big data and artificial intelligence technology. In this study, using the mathematics learning data of elementary
school 5th to 6th graders conducting blended mathematics classes, we tried to find out what factors predict mathematics academic
achievement and developed an artificial intelligence model that predicts mathematics academic performance using the results. Math learning
propensity, LMS data, and evaluation results of 205 elementary school students had analyzed with a random forest model. Confidence, anxiety,
interest, self-management, and confidence in math learning strategy were included as mathematics learning disposition. The progress rate,
number of learning times, and learning time of the e-learning site were collected as LMS data. For evaluation data, results of diagnostic test and
unit test were used. As a result of the analysis it was found that the mathematics learning strategy was the most important factor in predicting
low-achieving students among mathematics learing propensities. The LMS training data had a negligible effect on the prediction. This study
suggests that an Al model can predict low-achieving students with learning data generated in a blended math class. In addition, it is expected
that the results of the analysis will provide specific information for teachers to evaluate and give feedback to students.
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2
HEFAI7] &0 dhdo] WKof 7hAq 2 thE A Q1 ¥k} QIE{ule] &-go|t}. 221%] W& EHE-2 SIS0l A7 OMAM AF
Alof|A] gt shg ZRIZE Algotal, WA foA BE539t Hi-2 HebslFe= S ohleh R 2149 Afe]eh Zho] T 4= o]
o2 ol eshFE 2 %E]'?_] S5 A| A8l (Learning Management Syste LMS) A&g Eol=d| 35_6]-91\‘4'.

22l gh5o] HHskE|HA| wAloxo] @ ekl =i} 2efel a5 S = E3it] = 21 (Blended Learning)
W&o R tiF EM”Wle 2009). 2020~2021'dl| = 21419 7+ 01] M2 1ol ol ot vidiv = X

T 2ol A=A o & AJYE|HA ZAE F 21} Aldo]] ERIT & 2]id-2 11 52/ 0] 5% A Th(Kim, 2021).

221l et T A AR BT & 2y 2HollA] 7] 4 o] 1L A= e 4= @l 10| (Kakasevski et al., 2008) © & 5okl &
&5h= o] ol F st 22y o A5 2akl &g akE Fale AdhtEl= o Ho] AAE 1L }lom, 2l g5 ks
Soigtsl7] el = 22kl sgejA| Ao A THEEHE BHg o] AF-] ofof gtth= 7o) o]0} ETHMontebello, 2021). Z|
Zolli= H] dlojg 7|2 E8sto] =2 SgtlolEE A5t ShaAte] E/dol uhet APEsHE A2 AJA|oh= ShaEA]
(Learning Analytics, LA)2 -850 T& E3H2Q sk A|AHIE 55t = Al=7} o]0 A AL Qltk(Jo et al,, 2019). WHFE
2024L477}xl ia}ol 48} sk he| A| A8of| Q1F- A5 (Artificial Intelligence, Al S A3sto] WAL} s E2] 5kets-& el 4

rlo
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i)

OICO
ol

rir
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rlJlo

F

ol o= s A AEIS ZEks AlEo|gk vk E‘]'(Mlms‘ury of Education, 2020).

AT ] %L%?} FIHAQl S| A ARLES 7HES}Y] QleliA = A ShEt|olE AT )1 F A 52 EEE oS RS
A= 710 BorHolc), BB 2 SRS HET Ao} A5 3} 3 ef Tajol 4 ) 53 A, ol
+70] Bol3t HeUS TR o] 20]1 A7} hitioln] 25 YO & AT Do otk e BHoz
S si 448t 217]o] Bl Ro] 1 o} 41 Aefolck

ojof] & Aol A= 2021 ZEULHY AFEZ M=y o2 OI—ErOH_] EHHE 2 &AM Syt 259 ka4
ok £ ekl 9 18 HelciE R0 oIE 040 S HYGAE AR Soh w2 < U
Sk 2okl MAlE|\d 7|&2 E-85to] setalntoll A Z/4dH M2 oS 4= e WAz Y RES Zidste] T avtel ws A%
of| X2} &8 715/ ol thish —’ZLEHEZP °Wr. o] fla AT A wAl= v AT

&2 8HLearning Analytics)

cherst AnkE 7)7]9} sNse] We )5 slolE} 7|slaam o g Z7kskm glrk A 9} tEo} 2% e AS wa
T2/ slo]e12 el 7 -gof wfet o] Abgeo] Zulal o & Z7}ela glr. o 2] EihH o @ Z7kshs A|d Ho]
E}2 1] t]o] | (Big Data)2} 3ch(lo, 2014). #) to]Ele] E-8-2 7|4 S] lA|e) Hopol 4 Fika] o] 2oj x| g, B3 HofoilA
% %3702 2151 It 1% ool A= Atja o2 43 o]gl oL} 187 tlo]&] nho]d(Educational Data Mining, EDM)
I AAEHA B 2] 31 Q) Th(Elias, 2011).
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EDM2 8h50| doju= e at sH 5] §4& Bt AE4 0 & osfsl7| fIsto], a8 oA dojz|= HolE 9] &
EHAIGH= W S ke 212 24 0 2 §FH(Romero & Ventura, 2007). EDMS 7HAZ =201 B4 B4 | Zij= 2A] HPH
zfo] 7} Qltt. Abdof| ojd ¥ A W 512 ¢kor Hlo|g|e] /ol mpat st 25, QA7 = AEd A W4loltt. o]
& /1S antdolal &2 0 & of|Solal, A RS 2710 Aol A6 8 g AlY B S e

al,, 2019). S|P EA 0|} LR A] So] BA B2 HQl 7o) JITAIE =517 o -S| LA S FE S0
£ 245710l SHAI7E Qlof 2 Aol A= EDM= 4] ' 0 2 AR8-5H3]r

Ay5He Hlo g

24 B (Leaming Analytics, LAY ] el Bl S tl’d. 2.2 EDME B-85t0] 3h5-2 913k 44 Arflshe shol2tn & 4 9)
o}, Seimens@} Long (2011)& Sh2A18HS ‘S5t Shgro] Yol 879 ofsiet 2 2sts B4 0 2 sgatet sgate] mio| of
g dlolElE 37, 4, B4 Bashs 202 Aofshgirh Elias 2011)E ‘Hlo|E] mlo'd Hitg #-8sto] w4 3152 24 7}
o a2y ﬂa/\ﬁ'—%— BASHE BATIX Egshe SHEA 0 R Bolth 3 ATEo N S5 EA o] FEOR T E 44
2 9] g|o|e] Z-&’, ‘vlo]&] vfo]'d 7] Tt AL B3t A ol2kal & 4= lrhJo, 2015). SHEEAIEH SsAlE 9J3t /E et o
%, 71 BEY 14 1% 2ol ) 28R 9 2831 A Sof ekt ZRlolA a3HE AE 4 9lo] 258 ol
A ThgalA 28 4 QITHARN etal. 2016).

2 ATE SRS Y] blojelet wlofE nlol'd 7|42 85to] Shol kARl A Yol uat sk s A e
olsta A5 A1, Jo 2012)7} AAI LAPA 2 F 24 oS w2 7|¥ko 2 Elo el S 47 Y A2]sto] Rl 7l

W TYAE

8] djo] e} $hA| wh2 & & WSk Q= Q13 A5 (Artificial Intelligence) 3} W2 -84 to]Ef mto] & 9|5t GaHAQl
tlo] ] 24 Bho|t QIF A 52 E4 FollA ATAH AAe 43T 4= Q= st B glo|ef S Azttt a3ty o2
e 4= Ao B 2 ShEE A5 SO A = S5AL A ol St w42l 2 4= Qlct

AF A5 g5 W2 37| ™ Al2]d(Machine Learning) @t 213 (Deep Learning) 2 2 LT Hed-2 H4le]dol Z23ts] = 5t
578k Q152 50l x| 7k, Q15417 Y (Aritificial Neural Network) S AF&-3HTH= oAl LRHAQI male)dat A Et detxo g
2 2|sfjoF sk |l &7} o] 2], F/, 48] T HIAHF wlolE Y w Hefdo] axtAlolH, tlojefuo]x, Al CsV 5] A3t
¥ tjo|elE X 2] wjol|i= mi4le]d o] &3 o] chPark, 2019). & Aol A= AFA7} 713t P st dlolEl S AHg-513L 7] wf
ol MAleld ek Wi Ad sttt

2 AollA= 423 SHAH = ol S E TS 9f5h T8 W 0 2 Y 2|4 E (Random Forest) S AFE-SIGITH M e
E= A3 As ks 8o shubz mAle g 9] & F-RFolth Breiman (2001)°l] 25l T oW, A7 AE, 27, o S
5t EAol 28 L Tk

Ay LY AEE= A0l B5 wdl sk vitaol OJAFA X E 2] (Decision Tree)2] 2H2] gH(Overfitting) A2} Ad5-2] E214

rr Ao

il S
Ag Hetet oz £442 2e|oh ofg] 7o) ERE AR = A/dsto] HAake 2 Fo] & 2R7|(ZHAE)E Aok
2] o] thBreiman, 1996). AFEH Eg]= Zl0]7} Zoj A 45 o] 4 X|(Outlier)ol] LA TE= A7} ok AY Z|AE= L7
MES FZE00A of2] 7] EglE Rhe= v A (Bagging)= ol HHA] w415 sidstH, 24k £ 244 2|9 (Logistic
Regression)Lt 2JAFZAA E glo]] H]5} Yuls} 7hsAdo] ETHQi, 2012). E3F MZ0] 471 31 @9lo] ofg] 7Y wj H3tst upH oz
(Bureau et al., 2005), 20091 719 A2 do]E{2} 10712] 2913 7HA| = 2 Aol A9tst ok {i o 2 AY7he )

A Z|AEQ] 7Y 2 A F Shbe BUE ZF 8Rlo] At ol Fo] o] A JFS PIHEAE el U= 20E F
9 % (Feature Importance) S ZQ1e 4= lth= Zlojtt. o] & Foff Aol FAH 107H4] o5 291 F of# 2RlE50] S = ol
Zol| JFE FeA 2ASHIT 3 E 7|Rke] mAle|d RdojjA] 7t 92l9] 42X Hgto| u}-&

Dependence Plot= $Z5+0] 2011 7]0f /-2 Am Eodth Y X AES ARESHo] oS Rd S AT 3¢, Bdo Jee s
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22 Zolgelv] Slo) A Tl AE ofe] 443 HHIFEE FE Yol Wsith Bl HAHststr] BLH 44
stol s skeku] Bl Hyperparpameter)2}i1 B 2 Q7oA A Tel A2 B Bzt Baio] gl 7He) #2 slolwitelulg
#HHsehe B9S AR

o
=
HE
=

LMS

LMSZH 8H The) AJAE]O 2 9)7|u|tiojol| A= ‘WS uHy, h Wl At =2 ee walsly, 7|25l 25, £3t
HHE7] 9l E-&ote AL EL o] ol & EH]OW O 2 oI5t} LMSE ‘e-2]'d’ A| A 0 2 HE] A 2] Rl o AFE|e} <l 1
ghgsto] W8T sh5 o] 7HE-S F48kehe 218 52 0 2 gtk Nichols 2003y LMST B-7 #H2] QIEjH|o| A S E5f o

She-2td o] B30 g Hofr) 0117101]h HAZ], AN 5-2] G2 el 7o) Atr el 242 v go] ZakE o

wadoll A A gty o & e 4 9l oY S 2Hg 221 Zd2] (Jordan & Dukett, 2018) A5 = B &0 Hl:}

A Q1 LMS9] of| 2+= Blackboard, eCollege, Moodle, Desire2Learn 5-°] 21t} o] tjA| &2 S-S G824 02 FE35fsial

T 5 AEF ofH, waatel hEAEo] o]2f3t 7leg aubA Rl W o2 ZFEX| 1 dh5ohet ARG 202 TSkl Q)
(Murshitha, 2013; Park et al., 2020).

9l20) A< thEro] NEw S 7] To] HAelso] X US 3] LMSE A5} QAch(Alharbi & Drew, 2014; Nagy, 2016). 53]
0]=0] 4%, A 5uE EHT—‘%Ol LMSE 15 Bl S50l AR8-RtTH(Lang & Pirani, 2014). -?-2] Lol A2 202018 21419 AFERE <
Sho] WSH7F Hejsh= LMSSl 35 E1 & A4 0 2 S8-6l0] Tl FA] ABolM = g5 38 S A2 4= =S 5ol o] 4 H
Shul W04 Q] LMS A2 A|&HA 0= —7}0}1 Qlom, L7l A2l g 7|8 W82 95t LMS IElS W42 Q] Alglo|
AThKim, 2021).

2 Aol = 2021d F2U19 e 0 2 =4 vt 42942 9Jol| AR LMSQ e3H5E] (https://cls.edunet.net)2] H|O|E]E At

&5tk

Fos 4%

_L.

%
N
N

lr ru]o ru]m

mlm

ofm o
ol

o

-WLOH

||

(o

_'..

d

Schoenfeld (1985)= AF ot B st -2 Q1A Q4 o] ejof = 4] °H7ﬂl—}ﬂ = A&54 02 fefshs 581} o) digh 3
QA Algo|uf Apa kA 3 -2 g o)X @ A7 EAISHE Aduliol St P2 v ITkal sHQIT Charles@t Lester (1984) A| &
A& 8B4 o2 s dat7] o= A Aoy FaTte 2= —'?‘———'1—5]'”4,1—11]5]17%7‘}4 et 5717F 8= H, AER| AL EQH
T7h 2 JFE vzt sk

TIMSS(Trends in International Mathematics and Science Study)Ol|A] 2Hatst Aol A Q-2luet 2535k 45 5
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LMS tjo]€]

S5 (https:/cls.edunetnety= 177 A| =0l A 0] & 7Hset 53 258w, S8tal 22kl ShAfn|Aolct 2atel sha-2 7145}

99 AP} SIS S5S BelT 4 9lom, S L T AL QR ER 8 BHEE BAL, IS YT S 9

AT oAk 1917] 59 10344 o)/ e3H5El 9| a8 FRIZE ARESto] 8 it 902 WS el H = AR 2HA
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o]
S

= o =
o2 sk, 7] U7 1029 TSIk 2 R el SRS 915 2015 1Y w8 Tge) FY It 5o

O.

ol 24 Bl B H5-2 fIsto] 49(EAF 19, AAF 1T, 5681 T 2%)°] 27t S FH/dste] =Stk AE27F
A2 7 249 ol §F=E 37 A=(d, F, shz U-rol 2/HIAL 3 711 9] ol e /0] 3:4:39] H]go] H s
ZAekleh. =5, B eoll A 3] o) SV 2 £/ % £ AlQdskal the EFC2 tiAsit: & 35] 0] HEE 5ol 25 24
y7hA & sttt

FakEe|y AR A0 2olA 09869 A2 (ZEHIE dut A4y GHEQloH, A FofAtE did ez NFes
ZAAReE A2t 0.9079] A2 =5 gelsih

BE A E 4 1008 22 Hgstglom, AR 7F o sahd ¥} 651 o] | w & ffe B2 (T2 SHitsto] AL

ATLA| 7). offl 43} 315 2910] 45} S E o) Sl FL A LTE HZs7] 9lsto] 231 SN o5 29
S| ]

5}
2F 515k 27| He), eSt5El 9] 35 7SR g, S Sasle)olnt. sl A == g dg Tt
5191 20%2] MYE T, U A| S-S 002 Fste] A Y& 27) Wdsks dl 4= U
Qlo] At of Fof o] F= JFS nH A E ohetdt £ QU= B4 T8 T (Feature

Importance) & 2HQ1E . MDI (Mean Decrease in Impurity)= 25 ZEo]|A H4FQ
(Breiman et al., 1984; Scornet, 2016). ©] == AFAH E|of|A] oS 47} nit] & Belgho 24 HAysh= AU B¢k
(Gini impurity)2] 248 F2A1A o] 7)) oJAFAH E o] thsl 1S -5 Zho|Th(Shin & Cho, 2021). ©] Lol A= MDI &
A& Bl Aol FUH 10714 o5 271 F ofH 22150] SHAAFH & of| 5ol JFE F=A] Yottt

3t E ] 7|9ke] mAlefd Hdlof|A] ZF 420 42| §i5to] wfe} R Ro] of| & Axtol| n]x|= &1HE K o]S= Partial Dependence
Plot (PDP, Friedman, 2001y &5}l tt. PDP= oS3t} sl ¥H4eo] TAIE Aoyt & 371 5 o= Lebd = Qi 2 A
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SR oS B A

AT L. 481 BN =
43 o il g e
A 28 B AR E
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Figure 1. Confusion matrix.
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45t BRI E o5 2912 Fohi 7] 913 T WA 10712, 48t kIR, Srlm7h Astel 71K 45t ok 4
A, 2P|, S B 712 eSS, BT, S5 84019

‘.]
O g AL 25 nEe TSl o 1071 4 F ol w47} A g ol Eahe o] 2 Q3S 0|3 A ohu] 9
] = I8 (random seed number) S E2|3t 5710] el 42 Q wol WS

Table 1. MDI of 10 factors.
MDI
Order  Factors N 3 3 7 5 M
1 unit test 0.408665 0370424 0.326740 0.388054 0.429048 0.384586
2 pretest 0201783 0.190785 0.267002 0.243099 0.186362 0.217806
3 strategy 0.091462 0.122651 0.071977 0.120180 0.123606 0.105975
4 confidence 0.062743 0.121288 0.097883 0.061913 0.012202 0.071206
5 interest 0.056304 0.036985 0.049324 0.036995 0.051947 0.046311
6 e-frequency 0.042799 0.025711 0.041191 0.038698 0.056430 0.040966
7 self-management 0.050658 0.019727 0.037273 0.038021 0.050084 0.039153
8 e-time 0.041963 0.033403 0.029223 0.033234 0.045210 0.036607
9 anxiety 0.025855 0.057075 0.038450 0.025747 0.009724 0.031370
10 e-progress 0.017767 0.021952 0.040939 0.014060 0.035387 0.026021

Feature Importance using MDI
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Figure 2. MDI feature importance.

A= 011201] 7}7“3 %oh% e 891 T ER 384%2] FREE Eoﬂt} JE}—% i—t— 18 7H21.8%), 588t

E 7 Tl 7et Ty 7o) 91=
& Xd%ml 7}’4 =2 FRES E%L 4@%‘&01 7P E2 F2EE B
k. e‘i‘%Eﬁ rﬂlOlE = %ﬁiﬂ 7 5% |REO. R WA hERtT) S Sl 7P SR 7 w0kl W Ego) 7P WAl UrERA|
R A| B4 B 2po) 7k 4] ol

Journal of the Korean Society of Mathematical Education Series A 264



OHEQA - O[S / BIRiAAIE O 291 24 3l QB 0 DH AL - ZRICIS Sotapie FHOR

[y

o]
=
Mz
&
E

7 wig0] 5x] Wiatol] wke} Ztol] n] x| Y3 ot=7) 915 Partial Dependence Plot &3 HSth. Figure 3& Tl 7tet
Aehg7} Aol wek 442 S0 R Bad hs e JenE tehd Zojth 222 BEeh W4, 23 443 o
Yo Bed g et thlgrt Telms B Belgst Y4vt ol d4s A4 PO R BRE shs 4ol ol
Ag % 4 Qlet Aegrhs npiziA ol

0.6 Unit test 0.6 Pretest
0.4 04
0.2 02
0.0 0.0
2 -1 0 1 -2 0

Figure 3. PDP of unit test and pretest.
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Figure 4. PDP of math learning propensity
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Figure 5. PDP of LMS data.
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Table 2. Performance of models depending on number of factors .

Numer of factors Accuracy Precision Recall Fl1-score
10 0.81 0.57 0.31 0.40
5 0.84 0.71 0.38 0.50
0.82 0.67 0.31 0.42
Figure 6:2 A1 &85 07| 9l FE4t 7|E2 2T At 9] 243 d e yehd Zlojoh 9E2 S8 7|52 71249l 05
2 31912 0] &5 Avfolct FHmol YUt 02% BERCHEA, A 4447 34 F mdo] AN SO Bashe
Hlgo] At A rolh R BF Rl A &2 =o|7] glsto] &&4h 7 = 9F BT AT
A@go] H5et AL 2 4k w222 A e = WS X 9ls) F= o= Hgt
2 ) B ot A% 7 A EEECES]
3
3 2
& 5
S S
= =
1 6 1 2 11
0 1 0 1
Predicted label Predicted label

Figure 6. Confusion matrix before after corracting cut-off value.
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Figure 7. Accuracy distribution of 100 random seeds.
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Figure 8. Precision distribution of 100 random seeds.
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Figure 9. Recall distribution of 100 random seeds.
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2 AoAL o melo] 5 thEste] Lhehhvlol] 7hg A dsktkn Betsle] 43 SANHE o5 B 4% AR
Table 35} 0] AAI}gi.

i

Table 3. Performance of the predictive model.

Accuracy Precision Recall F1-score
0.79 0.50 0.85 0.63
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