Journal of the Korea Institute of Information and
Communication Engineering

SIEM 2 EAISHS|=2X| Vol, 26, No, 4: 510~518, Apr, 2022

IEXISE 0IS¢t ol55 7l S8 F& H of| 5 22 A4

P - 2735 - s

1

Extracting characteristics of underachievers leaming using artificial intelligence
and researching a prediction model

Ja-Young Yang'" - Kyong-Hi Moon' - Seong-Ho Park’

"Instructor, Office of General Education, Pusan National University, Busan, 46241 Korea
“Professor, Office of Information Technology&Services, Pusan National University, Busan, 46241 Korea

R ok

SVl A] s AT He SaelA] s ialo] i SHYE 7] wlsks Aol ij$- Fastc & o
T PAESET] 2019\ FSHL 181 9] o] €] ¢l 2fste] 20201 AHoiRE Bshs A HAE T
Feta pajaises aleld dmelgos Fom qo) ol 2o} 712selg dSas S ug e AL o
£ T Aok 78, 52% 83 o YRS ol= A8 et T FUR ARY GAA2 3
28 oA BhgS BASEEAL A3 5o G v A So) 9Jx| Anlxsle,

J

ABSTRACT

The diagnostic evaluation conducted at the national level is very important to detect underachievers in school early.
This study used an artificial intelligence method to find the characteristics of underachievers that affect learning
development for middle school students. In this study an artificial intelligence model was constructed and analyzed to
determine whether the Busan Education Longitudinal Data in 2020 by entering data from the first year of middle school
in 2019. A predictive model was developed to predict basic middle school Korean, English, and mathematics education
with machine learning algorithms, and it was confirmed that the accuracy was 78%, 82%, and 83%, respectively, in the
prediction for the next school year. In addition, by drawing an achievement prediction decision tree for each middle
school subject we are analyzing the process of prediction. Finally, we examined what characteristics affect achievement
prediction.

FIRUE : 7|23, 5m, AFAE, O AEY D CiolE By
Keywords : Basic education, Predictive models, artificial intelligence, XGBoost

Received 28 February 2022, Revised 16 March 2022, Accepted 18 March 2022

| FHKx __kkkk __kokkk

* Corresponding Author JaYoung Yang(E-mail:jyyang@pusan.ac.kr, Te
Instructor, Office of General Education, Pusan National University, Busan, 46241 Korea

http://doi.org/10.6109/jkiice.2022.26.4.510 print ISSN: 2234-4772 online ISSN: 2288-4165

€ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



T

N
N oo
BN o
my A%
o

1
flo
4r
-
ke
e
=]
=]

%8 B3l @Folop @ o
2Jubebs S7hggel A A

53 spAEo] shmolA
X, BB BE

o

14
)%
L
R
o

Ko

e
an)
o
N
i

|

0
i

ol
—_T

i K
b

R

O
"

oy

=

rx

o

M

=]

Ho

o

g
H
o
il
o
oft
ol
fol
i)
2
lo

ol
S5
N

NOoE XN I o ooz
Be 4o o 0 lo N
&
Ho
I
o
=)

Lo
oj
ol
o oE
o )y HU

2

)
il
i
=)
M
of
ok
_=J
L
=t
o
)
2

N
S
ol
r T

U o
N
|
ofy
o

et
o,
N
_0‘_15
K
4 2

AN Ao] s 7] 2812
=

ox ™ O &
B L fo o
T M o
N
N
>,
ol

e
4

A 38Hd, 5ot 2391 SHY Fofl

o], o, 48t WE 0] 51 4F A=

29l 728} n)g

o
e
(L
)
S
)

A= - 4
T T C

F 4TAR rolA] 7Sk ek Flel A S

°= Uit $71%0] 714
w0 23 ofo] TEOR 2019 3.3%0 A A
7.1%2 24 oA} 27130t} 7| 28 u|g v]& Bt o}
Uel £3 ol ol A 1BE sE(4%) ol HEE
o] vaf 7Hagt 20 & Lrekeh[1]

7|25t ujge] Azbgol wet sl sy wd
ol FE FE 2 AL Tl §13 ATE] Wol A
=7 9k 7
RPARE Bl BAE 8, mEstm R o]0l A 1, 8¢
o ¥4 st A=
o] e, o] Al EE A G0 2 o]o]d 4 girt
3 Sleh APAB1 S Ul
o2 sPYe] EMAIZ, L5, B
QAom, fulgHle 7128k gl el
%, BhaL, A15)2) 2.9 SojA] o2l o)
= Sty W] e FE a0l BAlsle] 7125

=

=3
L

o
=)
o
]
1o
re
-
=2
1o
—Orh‘
=)
by
5
J |
)
=2
o

:

511

0

H
4
ofr
jo
(=)
0k
ok
Lok
o>

T
]
Jm
0x
i
T
o
2
In
o
i
e
-1

o

ol mlo
24_:
N
1o
2
rO
ol
A
ol
H
i)
o
=)
il
=
o
[rt

L2y
o
lo
L
o)
4z
2
fllo
BN
N
=2
2
Ay
o
H
Lol
IIT; U
N =

B
U Am dlo

1o 4z o

oX,

fo

B

o
)

o]

%

i)

ol

2 4
30,

fr

1=

u

I

o

o

o
oX!

B

sm

o
<o
[

ot
=2

-0,

N

N

g |o

1ol o e

)
U
2
i_n‘(
4

o oX

o

2
b
im
1

FIO =2 0% o

zj
)
o
ok
)
rE
i

o Mo gy

>~

)
o
u
it
W
4
fu
o r
i}
I
o
)
- 2

It
Aol BA7F Yehd 7HsAo] wrkar Fheh[9] whabA
=7FpEoll Al AAEE X BT Al7)=
a3t S Zotfo] S Al97]ol= &=
ok 2 Ao oz Stas AEd ol g
g njdo] Hjgo] HutAoR oxa glen
18 w5 7128k nld 12 v o]

she o] Z2517] ol

l
T N N o
2o hr = =
o e 30

o

i
4o
%
4z
et
El
O

o]
my)
10
[\]
=t
O
'
ofy
L
El
£
o
ok 1o

_O|L
2
=
s
2

ik
i}
lo
u
ofy
L
=
Al
=
of
L2 >
4
o
N
o2 }“N'
S et

FE9kA) obgrth A, Fota 35 HH e o
AAAT R AR, B o) 2] G AL 5
B ol 5] YA Lopugict

I, O|2X uigd

2.1, A3l 9}
Seupete] S7hE sel43
Wl A3 8]

ot

-

Za‘ AL 270

2 Wske EAREER, SR Bt 43s
A%, aeg N 5o 7| 2AR $8e BHow
ujd AR 3 Qeh[10] S Sl A E Bk
WGHI} 2FELG o] whe A 53, 12 AL o
o Aels BrhRA|, Bk BE-L o], o, 4
sfolm, Wb Auks 45E(9451E), 35E(LED

), 2527 2812)), 1557|231 v2) 45 43
5202 tiro] SP Felol7] Brsla Rk
AT USRS 35F oA, 24, 1550 30 o]

O] 2|30 Ik, 44 80% O]4L, 3L 50% o]4F ~



I HEAISHS| =2 K| Vol 26, No, 4: 510-518, Apr. 2022

80% 1] qk, 2425-2-20% O]AF ~
kg 7k 7ok WS o
7|z ulgolct.
WG ofA st Rh 2o =, 3
o 38PA 9] 7] &eHY

50% vk, 14522 20%

2 2w 207 mlgkel of

13} o] =3}
o e dps S7F A0l

Qlek. 3], o], Fof L0 7251 njg Hlgo] &
A e glom, B3] S5he Stoief gfojo] ulmws)

3]
2387} g 7|28 vk 1ol gk

Table. 1 The Department of Education 'National level
academic achievement evaluation results,

2018 2019 2020
korean | math |english | korean | math | english | korean | math |english
Lv.3|81.3 (623|658 |829|61.3|726|754 577|639
Lv.il| 44 |11.1]| 53 | 41 |11.8| 33 | 6.4 | 134 7.1
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Az mERh AR s Bt HHSE
(‘A-B-C-D-E")& Yot}

HABTA AL ule] Brte] 277k w47
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Table. 2 "Achievement evaluation system, standard
achievement rate

Achieve | 5chieveme

ment General Feature
level nt rate
A very good level of understanding and
A 90% performance of the overall achievement
criteria
80% above Excellent level of understand}ng and
B performance of overall achievement
~90% below
standards
Normal level of Understanding and

0,
C 70% above performance of the overall achievement

~80%below |+ " .
criteria are moderate

o Less insufficient level of Understanding
60% above
D o and performance of the overall
~70% below . .
achievement criteria are moderate

Insufficient level of Understanding and
E  |60% below | performance of the overall achievement
criteria are moderate

22 milzdE Stt E1I0|E1 =4

7| A2 = E Y] SRS vlE] A 2lst
il BA|AE ilﬂ%éi:% Algsl ghok. ey AR
Algte ageo] SR whe AEghe 24 A
Gk 54 AARE B85 Sk S AL U
ok A ZHAES FES 7|2 g vE oS,
Ay ZHAES B3I 4dA st SEEEE S
89 HAH 5 A 571 15 HloJ g & 2] ool A= ¢l
A= B8 hafRt oS Y el tiRk At
Al=E o] SIEk[11, 12]

& Aol A= ol 2Rt AAE SESH] fIel o4 5
AIAE B A8 5 e Al TIHe 28t
A4S S AR 5 e wAlEY dalEs
o= AP 2, SVM, KNN, A2 Ee], sy 2

=5 oj2] $87} Atk

HAIZ Y 2E-S A (accuracy) U A U= (precision),
A& E(recall), T =(sensitivity), E-©]|A(specificity)
e ookt 471w o= BRItk [13]

Table. 3 Confusion matrix

Actually Positive Actually Negative
Pred.l c‘ted True Positive(TP) False Positive(FP)
Positive
Predicted . :
Negative False Negative(FN) True Negative(TN)
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ZrAEo) ettt 1 2] ROC(Receiver Operating
Characteristic) 2411} o]o]] 7]5FsF AUC(Area Under the
Curve) Fl9= ol £579] A5 4ol T3 AN
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Table. 4 The first year of middle school’'s achievement

2019 2020 korean math english

unachieved | unachieved | 578 |22.4%| 949 [36.7%| 653 [25.3%

unachieved| achieved | 211 | 8.1% | 247 | 9.6% | 110 | 4.3%

achieved |unachieved| 297 |11.5%| 192 | 7.4% | 339 |13.1%

achieved | achieved | 1500 |58.0%| 1198 |46.3%| 1484 |58.4%

A7 mho|M & 1AL 38510] KNN, SVM,
w AUF, W |2, XGBoost )% RS T
stol A2 Stol, Gol, 43 W52 b 3 4 v
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A 59 ok 58 elo]el g B@stel, 271EA
U AHE WESS mE AAskch e A e
o] wiergo] Abolsly] w2l AT Y= HAL 913
dojele] Y eR AL4E BES FPste] FRUE
L olaiolh

AEmFe] MH(FHMPE AF vlED, 43
wE 43 ool 1, dZaks AY(EH) S 5
257709) W2 LA of o ol SsknAt sk
HH(FL) 4 SO TR §(20209) 2, %, 4 A
7 ool an, HE(SR) ¥4 S320199) 9] S8
dlo|E & ¢JEgro s Byt A3 oL zkzk A
Amgrel 391, w uEEel B9 002 Aejsha
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v, |xdn

41. 85 0% 2zt
HAlR oA 71 @ol AR8-E= KNN, SVM, 2JA}
AU, A ZYAE, XGBoost o5 BES -53)

= 78%, 82%, 83% o|H2 RS 213 58 7153
FEolgt g 4= QUrh[15]

Table. 6 XGBoost Model's prediction accuracy in Korean,
math, and English

class Predictive accuracy of XGBoost
o] WE9] o & Ad5-S v gt Aa} ot o] 1 59k T2 [180 83]
ARG HAEYSS B2 [ 68 445]
precision  recall fl-score  support
Table. 5 Comparison of algorithm's predictive performance korean |unachieved  0.73 0.68 0.70 263
" 0 lish achieved 0.84 0.87 0.85 513
. orean ma engis accuracy 0.81 776
algorithm | train | test | train | test | train | test macro avg 0.78 0.78 0.78 776
score | score | score | score | score | score weighted avg  0.80 0.81 0.80 776
KNN 0.83 0.69 0.83 | 0.68 | 0.84 | 0.70 [271 71]
Linear SVC| 0.88 | 0.78 | 0.88 | 0.78 | 0.89 | 0.81 [ 69 365]
Polynomial precision  recall fl-score  support
kemel sve | 099 | 076 | 099 1 0.77 | 099 | 0.80 mady |unachieved  0.80 079 079 342
Gaussian achieved 0.84 0.84 0.84 434
kernel SVC 0.89 0.81 0.89 | 0.81 0.90 | 0.83 accuracy 0.82 776
— macro avg 0.82 0.82 0.82 776
De::eselon 0.82 0.79 0.83 0.82 0.84 0.83 weighted avg 0.82 0.82 0.82 776
[228 70]
Random |4 99 | 078 | 099 | 0.79 | 099 | 0.80 [54424]
forest .
precision  recall fl-score support
XGBoost | 0.91 0.81 092 | 0.82 | 092 | 0.84 enalish unachieved 0.81 0.77 0.79 298
¢ achieved 0.86 0.89 0.87 478
7+ R E 7h 20 A9 1 o] XGBoost L ElS- accuracy 0.84 776
= m . macro avg 0.83 0.83 0.83 776
3 61f Zo] =to], =8}, Jof HApE ASsh=t o] weighted avg  0.84 084  0.84 776

HAER o £ 235 HolFa 9l

o] I52] - HIAE AE 77670 T AAFn=E
T A H =GR 180719} 445705 vl 2 A 5519111, 83
ek 6870E 242 L2735k Ae F1 = 78%9] o=
& HolaL Qlrh 428} W0] - HIAE A E 77670 &
AFmEET AFH =GR 271779} 36570 E HHEA &
FIFRAL, T17HeE 6971 E 22 7ol oinh FIf=
82%E Ho|il Qlr}. o I=9] A7 HAE A E 776
N F AFn e =GR 228719} 424705 vE=
A EF38kAaL 70719k 54705 ZH e E-Fatsict Fl
4= 83%E HolaL Qirh

o], ), go] ZF 2 S 1ehd uf 2ARE
W8 AHE dE o= shof o2 3 25hd 9
AHE HEE 78%, 82%, 83% 0|4t HeHE S 7px|aL
5T = 5= & 5 Utk M Greiner®] o5 8273
of| &t Tt 7)ol W= 0.5<AUC<0.7 o|H e
Az, 0.7<AUC=0.9 oW FZ=o|H, 0.9<AUC<I
ol 2 AYE=E Zh=rhal st & Ate] At

42 XGBoost 0f& 22O &M

4.2.1. Fo] 43 oS 2 24

Al wdof XAIS §-8d}
AZrsletd fA AF= A 7lEs AEE 4 ok
753 XGBoost =701 3] ofl& KLl tfsf SJAE A
Ed] IS AlZekshd ofg 19 13} e

o] el o] QAL A WA whetrl Bl Kdlo] oj|
HS o2 54 848 SAeR s, 1 7|&0]
A & 4= ek HA O 19 FE l=E=F 270
Fkol] 6.45 mukelA] ZaL Qlek. ofuf F_270 gro] 6.45 v]
RFo] ¥ ‘yes, missing’& et A%-g, oFYH ‘no’E
2t 0B mEg AEgth S F 2702 389 4
o4 ofet. thelli= F_269 Fho] 7.15 m|gielx] i1
STk F_269 ko] 7.15 o]4o]w ‘no’ 2 wpe} £ 2% 1
=2 o] 53l EAZLF 269 & <Fojg4olt) the
F_63 gko] 5 w|eeIx] 231 Qlth F_63 gho] 5 mjwkod
‘yes, missing’& U} 9% =ER olEdith 54
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F_270<6.44399981

e, mising) w
:m nisng\ o

eaf=0.00099999078

N
o, missng 00
y ' N

leaf=0.00199999989 F_271<655000019

N
fos, missing o
N

w =0 00459999909

Fig. 1 Korean Achievement Prediction Model Decision Tree.

F_63 = "B ARk Qbol] Al =g A2k of 8 744 & =
AP ol gk #1e] Aztolrt. up|uf k== leaf =
-0.0099999978 Zrolth. Fth = ghe X AE FHe
SEGOE AN TAS o P

1

p(x) = 1+6*leaﬂ)alue (1)

Ao leaf value2] 7}oll -0.00800000038-2 &
W 049752] Zo] Lo}, ghae] A} 0.5
w 47] merol 3 194 ghe 47 vzt
k4= Qltk & o] MYt 8l A= 7Ll
o) =g vk 4= gtk wetkel 4= gl o]}
2spe AR E RS o AN A% Bt
7125 A AE 4= ot o] A 2E2 239
FoJH4(F 270) EAS 1492 1 71&854E= 6457
= 7|l & webshal, thekst 549 gholl whet A F v
R A R 9 sl 2 Sl
S eaE J @ 5ol 2dlo] o Aito]

Fans g qolde mae)
ZE5 oz grotsl 4= 91, F a3t EAu Zeh
o] E&% 0l mdlg L3} 4= )t}

T-53F XGBoost =701 A3 of| & EElof| A ¥HASHA)

%> 32

Ve, missing fho

00152041179 b Tef= 000453999985 M 000499950089

yes mising ™ 10

s rmmng o

@ @ !Ea{—ﬂﬂmlllllr1

0

laf=001 76470578 Teaf=0.00400000019

n mising ™ o s, mising

207110 EA 2o w13 29} At} o] AHE o
Sh= EA F o ol FoH4F_269)2] F8 H|F
o =L, FoIHa(F_270), ~3Hd=(F_271), il A
O]-8{(F_25) =02 F8 54| YEht

Top 20 Korean Feature Importances

i jz

o|lE

F 79
F 82
F 63
F 222
F_196
F 265
F 110
F 61
F 101
0.000 0.002 0.004 0.006 0.008 0010 0012 ©014

Fig. 2 Korean Feature Importance

422. 53} A7 o) % mE 5

53t XGBoost 423t 443 9|5 mdlof| tjsf oAk
% ESE Aldetshd 7 33

3% 39 FE 2L F 271 Fho] 4.9499 1wkl
9l ojuj F 271 Fto] 4.9499 ulwko]w ‘yes,
missing’& Wt &S, ofHH ‘no’E et EH

S AdEidteh SA%EF 2712 Sy 9] ~ahpd 4 ook

=1
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F_271<4.94999981

Fig. 3 Math Achievement Prediction Model Decision Tree.

AAF F-2of leaf value 2] 7} leaf = -0.0134326009 &}=
Zrolth. 2HE<] TES 049669 o] Lheth. 2 o] BH
& 5PYo] 25 25t 1471 4.9499 v]to]E T} 5 4
o} A% WA QTS W 5 ok o=
4 oIk &) she] 3k 47} bl Stiiae] 4
3 diSol TAshH= T s HAYS & 4= Stk

T-537F XGBoost =3} 4 7] o] & Elof A 2w
120700 B4 FaE=w TF 49 A A FE
ke FaEoA Ha(F_271) 9] HlFo] w3,
Fof AR FH|Z(F_164), =ro] =417 &=
E(F_160) 220 & Uyt

Top 20 Math Feature Importances

0.000 0005 0010 0015 0.020

Fig. 4 Math Feature Importance

423. 901 47 o= 24
53 XGBoost Gl A3 oS mdlof tjs) A4
A Eel g Aztslehd 19 5o gk

‘yes, missing

F_270<5.35000038
issi o

leaf=-0.0177777782 leaf=-0.00588235306 leaf=-0.00980392098

516

leaf=0.00666666683

Fig. 5 English Achievement Prediction Model Decision Tree.

leaf=-0.00615384616

8 50 2B B F 270 o] 6.75 o]A4He1R] &
1 9leh B4 F_ 2708 s3] ol as ot ol
F 270 7ko] 6.75 u|qto]™ ‘yes, missing’& w2} 4&
S, P H 'm0’ Wi} 2 2% =g Mgt ol
$716.75 o]AF Q1 Z$-F 269 Fro] 6.05 u|qkelx] £
ST} B3k F 2603 she] o] olck, Hol
4= Zho] 6.05 m|Rto]H ‘yes, missing’ & Wl Y& =&
2 o] Rtk v SA4JGEF_199] gro] 5.5 3= 71
O 2 e =T leaf = -0.00615384616 Th= k3t
0.009230769249] ZH=t}. EAZHF 19 SA1o] <k
9 Aol ALE R AFE ARGAZEolch 212} Shae]
ZH2 049859} 0.5023 9] 7Fo] Lperh Aol "7} 6.75
oj/Folete =ol =7} 6.057] nutolH R o] ARg-
AlZbel whet ks B Fold = Brke] Aol ekl
o 8 4 9l

Top 20 Enghish feature mpamdances

G aa3 582 503 504 805

Fig. 6 English Feature Importance

53 XGBoost Fof JF ol& ol A L
920709 B FaT= 17 63 At A
& HEE d&she x4 ol FH dSele
o] F4=(F_270) 9] HlFo] =8kl 4=8F4x(F_271),
o] 229X 7k2] OB E(F_163), T-o] H2x(F 269) 4= 0.2
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