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This research aims to study student performance prediction in an online learning
management system using a machine learning model by using the learning dataset from Moodle, an
online learning platform. In order to study the impact of the features on prediction performance, the
features were divided into two groups based on their characteristics, i.e., the features related to the
system usage behavior of the students and the features related to the scores obtained by the
students. Then, four sets of datasets were created using the combination of these two groups of
features to study the impact of the features on the predictive performance. Several well-known
machine learning models were experimented with including Logistic Regression, Naive Bayes, K-
Nearest Neighbor, Support Vector Machines, Decision Tree, Random Forest and XGBoost. The
imbalanced datasets were handled by the synthetic minority oversampling technique (SMOTE). The
results showed that the XGBoost model yielded the highest prediction accuracy at 83.95%. The
models trained by features related to score alone yielded better performance than those trained by
the features related to system usage behavior, but using the features from both groups together
yielded the best performance. Moreover, the researcher found that feature selection can improve the

performance of low-complexity models, while it impaired the performance of high-complexity models.
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2021b) N4 Capterra laAn=INaiUIIUIINdDYA LMS N91 1,000 5311 ANUNAINNAAE

dayaas130ie uazdeyaainunanwasuni1sFauiMuanseii wudnszuy Moodle agflu

20 duALANNHaNLazAZuUWINGR (Capterra, 2021) AsnIwlsenay 1

3 | ESTABLISHED PLAYERS TOP PERFORMERS

W xf

-]

B
5

X

=

H U

:

= ' .‘rnﬁ’!.

Ratings Score @

2| NOTEWORTHY PRODUCTS

p - S Al P e o Ny
ANUsEnay 1 LL@ﬁﬂﬂq?L‘Lﬁ‘ﬂU NYRINA LLW@MV\I@?Mﬂ’]?L?HugVI LLmﬂquﬂHSLU?zUUﬂ’]?@ ANTTLTEIUS

aaulay InadaAzuuRingm (N1 X) LAZAZLUNANTREN (LN Y)

AN (Capterra, 2021)

womAnssun1sisausaaulay (Online Learning Behavior)
%

W AnsINn1siTauiaaulail (Online Learning Behavior) tlungAingsuniszeud
dszinmuiianiiuszuuaredsdumedidsn waziduguansuzaesaundanaliann

inyanisaanuarnisaadinan 1y aandvangnssiadan Fonldeudu o suaal



aa v a = v 1 di/d a 6 aa
70la uaraAadlnananans %@H@‘Wﬂlﬁ]ﬂ?ﬁ\lﬂ’]ﬁ‘Lﬁ‘ﬂugLﬁ@WHNm’]ll’]ﬁ‘ﬂ’)Lﬁﬁ"]tﬁ‘ﬂ%ﬁ@ﬂﬁliu

dll a a = v e ?:/ = Y a = 1 1
L‘;’I“ﬂ\‘iﬂﬁ‘t@V]ﬁﬂ’]Wﬂ’]ﬁ‘Lﬁ‘ﬂug'ﬂ'ﬂuvL@u TANYNTSHUZLIRINITLTEUT NANTTHNNITLTEUT LWUAINT

i
= o o A

Bauf uarkadal (Liang WazAUAY . 2017) tfasadnAnydsnasanisFauiaaulaians

o

=

Fe Ingutisaantidu 3 e Teun

e

1. fnilenn: WenngaaudnwanlindanunsedudanasanisBauiaes

v yva

A snufuntineds Tmmmmm@mmmmu FelgBawdnladng anmnsnausasin uaz

a

numudeunaaiuszuueaulalls
2. Anufanu: fasuasnuuudansmeui g arnanlavedFau Naumsie
NulAE FeurnaanisFauiuaziuumeaay AasNaANNiuiinsFaueesFau uazila
1 dl v yva o o v dl ] a v a o o 6 1
Fonensdeans g Eauannsnzealingm dnaeunwls inedaadn it jdniugszndng
v oo a A Ay
aauuarizeu uaznassu i FewnanNnssieTady

3. AU Be: (BUUALARIANHINIT T IL LN UATRl BRI el d

u u

b % £ 1 al a v o/ ”d’j £ a
ﬂ’)rlﬁJWﬁ'@Nﬂqﬁ‘Imﬁf]u5$UUﬂﬂuLﬁ‘ﬁlur“lﬁ\T IﬁﬂMﬂﬂ@qﬁﬂﬂqf]ﬂgwuﬁ'quﬂflﬁ‘l‘ﬁ ﬁ@NW')L[ﬂ'ﬂﬂuﬂqﬁ'
oy = o w °o | = P @ A o
Lﬂﬂﬂdm@m?lj‘ﬂug NITNINANTTULIN °'| sl,uiz‘]_l‘]_l LATNITITIAN AR LENATLUR L‘W@mmmh\'ﬂu

¥ 1 = a a
‘J‘:i‘]_l‘]_leﬁ‘ﬂEI NHUszANSA W

n1svinuilastays (Data Mining)
o =K

o A ¥ Y o v ¥ ] dl ¥ QI dld
nsvnmiesdays Whauliiunisyaanzdillludeyassgszduan ineAumadii

1 o A ¥ a dl dl 1 =2 a Y 1 .
AR Nsimlesdayailumaiianiien natatennnlunisdmazideyaauialug (Big
Data) BIuRINFATINA

o

zvinesAnslaiudsslamianndayasmima AnstiAnwnaniu
nnsmdasdaya arunsndn i lddselamllunanadu i 1) frugsia: 13 Amazon

idayaruinlniudinseiiie deninauaane uANNATAINAIINABINITT0I4NAN

1
=

NNNGA 2) Aunisine: dayanisBeuinusruueaulal natsziiunisize doalilseu

Yo o

¥
FANFRERUNINTY 3) AUITULINNTAIATUATNITILES: dayaanalnsaldutefnsadu

a

ADHLEY 4) ANUAIEITIUET: NIIUINGNAUNHANIALNARNNIRATIAINEY1eLELN TR

Tsnanndayan1esiutszainsrans dayaguninresaulunseunia (1ind, 2562) 1390

u 9

a [ %

widlasdeyainiialunszuounismeulantdgsfandnAty (3anda “Cross-Industry Standard
Process for Data Mining (CRISP-DM)” Usznavumag 6 Tumnaw aeninisznay 2 (aaun,

2561)
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Business
understanding

Deployment

& Phases of understanding

CRISP
Methodology

Data

Modeling preparation

NNLITNaU 2 UAAINTELAUNNTILATIZYIdRYARAE CRISP-DM

" (Sailotech, 2017)

1. n1svinALTnlalugsna (Business Understanding)

1
o o =

2’/ dl o ¥ ¥ s
WudunaundrAnyngaliunimianu Lﬂqlﬂﬂﬂgﬂ’] BACAIMNABNNITUBNANANT

4 q
1
ol al

dl o P = ¥ ¥ 9 o Y ¥ [
wan vy AR ‘J“)SJENLLu’J‘V]’Nﬂ’]?LLﬂ‘]jQ_IIM’]WJﬂ NNPIALABNNITATWNHNAANTN A

Y

avsiesenAnrniAnNdilagaRauazinineAansdasya (Data Scientist) tna i lAnasngating
GRS
2. MsvinANNTladays (Data Understanding)
1 dl o = ¥ { ¥ ¥ ! ¥ ¥ = a
neuauinsAnedeyadn Aenisteyadanlating dayanisinniant®
1 ¥ 33 = v o o 1
aeiwls fesnsdey sl nduiusiueenls

3. nﬁ‘im?ﬂufm;lla (Data Preprocessing)

i
=

2 e o a o o H - =
Wudumeun ldnaruwungalunsinlasanis daiuduneunnnuaziasngaly
n3dAnTItaya tsznausag

[
3.1 nsidandaya (Data Selection) Tunilaldnsnansdasoanivesaing

'
a '

a = o Ad v o9 o
ALY TINDNA LU TANALTANANAINAFBNI1TNIUNY

a

3.2 MeviANazandeya (Data Cleaning) da3asng < Nldnnainuany

uraLNssnngaludliondnlaseasig AHNIVINANNAZAN AT aLANA

k1l a



11

3.3 N1339u99nd83A (Data Collection) MndayanIaInuanunas 101w

=2 ¥ ] ?/ v I v o :I/ % o v 1 9/dl = o
ﬂ’]ﬁ‘ﬂ\‘i“ﬂ‘ﬂﬁ;l]@LLG]@ZF‘WN%]LQ@’]@@M?I’NH’]M AU mmuwmwmamemmﬂfmmeﬂu

¥

o v d‘% o 1 a v v
LL@%M’WJ@S;I}@W]J’]“I]@MNWLLfﬂumWLmu\‘iLﬁﬁlfJﬂuWJﬂ

¥ '

3.4 nedngduuvrestayalieglugluuunianadieuuuanaes (Data

a U

1
v Vv = = | o

Transformation) TA9aNAAEABIH IATIAF19NTALAY 111 A1WIUTIEN1TN LS wasFaulled

q u

pouNFaNviTalil Hdayagqoyuny (Missing data) Weadayaiaing (Outlier data) visals
4. N1FASILULAINADY (Data Modeling)
TunismAudNRusIIsananday atalagauils A Aua i un fogaig

LULAA8S TuANFNaInNnIsinseideyauuumialinenaliaunsnnesinaanuusiugn vive

o

ca K v
NAANSITIAN1A

5. NM199AUFLANTNINARILLUAIARY (Model Evaluation)

FANNIININLIILLINABIN LA NEN A viTald 411170 RANTUNAN LN U NUD4
o o‘d‘ v o o dgj 1 a o/ 6 v |:J/ o
HAANEN LAAINNIVIUNEY MINUULAIaasli unslss il unadns azdngdunaunisn
wuuAaa9ll 19w wAninuuuataesi i un1slss i unadaws anaazfagtaunauldn
?/ o £ v 1 = v o 1
dupaunainanudiladay sl wiranisafuuuataadln
6. N5t lda54 (Implementation)

Aauarlfauasiersty AasAaain1medasszuunay Ineaulivaaniunisg

naaaUscULmaNltvdaya nsvaaauansLlsl nsvasauNIsszanana saNDeN1IMARaL

WLILIRNADN

-y : .
N19L9EUFURILATAY (Machine Learning)
dl o v dl a o=l A Cd dl

NINAEAINUN WLATESABNANABTH AINAANALAZANTNAT N IO BUNE LATDY
AnfusieeinisFaudaniunigal eeunuuazandulaudtloymld faGennszuounisl
' P o A . . " = Y A =
91 “n19Faufre9iATeY (Machine Learning)” n1sireuiraqinsadiiuananuiieaag
Toyaynilszhing (Artificial Intelligence) tnasjairiuAnsnisvinlipauiomasinauaInNgm
TuneFeuils nelisies@aullsunsuinduldedednian nezuaunisFaniaediezesinis

wivgadagaaaniily 2 dou Aa gadeyanisizans (Training Set) iudayangninluFaug

1
=

Tifueses uazandayanaaan (Test Set) iludayanlddmsunisdssilulsc@nininnng

o o

° = o A S a P o P o ' 1y '
NN NITETEUIVRILATAIULNNITLTLUINAE UL LN TR NUANHUSIDITBY A AMTHNITOLLLN

aanulu 4 1szinn (Awad Wag Khanna, 2015) laun
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= b =~ v . .
1. NFLTAUTHULNLNADU (Supervised Learning)

dl = % dl ij/ o ¥ 4 ¥ | P o v ¥
NNTNLTERFUVBNLATEIUY Al usi gy Eﬁ’ﬂ@@uﬂ’]ﬂi‘ﬂuﬁ‘ﬂ@u Tmﬂuwfaaﬂm%ﬂm

U

=

(Input) 38 NTaNTNEENT1 Tayan19Feus (Training Set) TirsasFauiaulidayaa1aan
(Output) 138t eNNIL (Label vi3a Class) Tnelutiaaanidy 2 Uszinnauansoizans tanaiu

v 1 o v . . = '8 . o/
16un mm%mﬂﬂ@zmmmmga (Classification) baznN179ATITUNITNANAE (Regression) A

Ansznau 3
supervised learning

w

Its an
apple!

These are

apples i ?

Anlsznau 3 meﬁTfmﬂ'Nmsﬁﬁmmmmiﬁﬂu@mLﬂ?m Lmuﬁcjzmu
o -
NH1: (M. Yan LazAuals ut 2018)

= o a v x .
2. n'lsl,'iﬂugl,l,uu"l,uugﬂ'au (Unsupervised Learning)
P Y X ae A o v e ~ 1y Ny | o o
mmwugmumﬂummgm\mumqmuma?l,wugl,muu AL} ;;Tlﬂﬁ’lmql,ﬂumm
d‘l £ b 1 dl dl =l Y v al o o [
mmmmmﬂm@ﬂﬂmfmgmngme Lﬂimmmimﬁ‘ﬂugmmﬂ@im 1A NULUANABIANUTLNNG
Gaufuuulidgaeu laun n1sdangu (Clustering), N1sanif (Dimensionality Reduction) A1

AWLsenay 4

unsupervised learning

[ XX X
[ X N

D

"
o

-

C’C’(‘

nwilsznad 4 uapssaat wnsinauassnsEauiaeATasuLL i aan

737: (M. Yan uazAuau ), 2018)
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3. N5I5EUSURIATRILLUNINL AU (Semi-Supervised Machine Learning)

1 = v a9 B aal = % dl
L']juﬂ’ﬁ‘&l@N?ZWJ’NTW?L?EIHQJ‘LLUUNHﬂﬂuLL@ZiﬁJNEﬂ@@u QﬁﬂW?Liﬁlug‘IJ@QLﬂ?@ﬂIu

vl

o d” v o o v al
@ﬂ‘]&fm?.ﬁuﬂzelﬂmWM?U“H@S;IJ@TW?L?HHQ;V]N‘ﬁhﬁl

Yo Y

UBDNAN

Panan A9y n1enasReTnan Tl

miuusauias liEemfuusdauaesiaya

TifHtTaniuazldnaiui esainsasandel

=l o = o
ﬂQWN@WNW?Oﬂ’]?L?ﬂuﬁﬁﬂEL°]j?;|’3°ﬁ’]fy panwisznau 5

0® AA 0% " o A A
O o O o0 o0
A - 0@ -X-] A :
® @ A O 0o 00, 00
LX) o
o A te  SA,
o0 -]
Labeled Data Labeled and Unlabeled Data
(a) (b)
| °
®) °° eoe \ : g ::% =
o) A A 6 0% \ oo A°A
o O | A o0 e eoe A LN g eo
o o/ o O 7600 A° oo el
LX) -]
e | A s @* wéoo
" Classification plane oo -]
Supervised Learning Semi-Supervised Learning
(c) (d)

nwilszneu 5 LandARt WNIINUIRINNIEEUiIRLATaNRLLINNNEAeY Taeningiaanand

Wuszanumaenduaiudayanlinaniu 2 aana uazasnanddeaudayai ki

o o Y o dl = P a A 1
nanu sl,uﬂumimmﬂugfm NNANALTLIDE] AANE 1A

AN (Rodriguez, 2021)

[

4. NM5I5EUSUDIATRILLLLASNANRY (Reinforcement Learning)
%

dl dl = Dd‘ a a o o & a ! v a
nsnATasFEuiNnnaInUduiusnisaesiinaesgnazud ey maug (Agent)
uazAeuandan (Environment) TneffFendanunsnizaufiaslaainnis@annianszyinle (Action)

Tudawandan Waliflaseiageign uiauadeuiunnaunudinniseanainanaeneiag s

o

~
Nan AINNLIZNaL 6

q
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Environment

NNUIENBL 6 LARNARBEINININNIUIBINNIREUITBUATRILLLLEENAY Taeainaaname

T 2eNI I NNARINNIABNNARBIYN
P
nu": (Tas, 2021)

N9YNIAINTTNAMANBIUE (Feature Engineering)

%mﬂﬁu@ma"m:rmz (Feature Engineering) Lﬂumz‘ufauﬁﬁ’mmi’mwwmq
(Domain Knowledge) °Lumm§"’1\1@mﬁm:rmzﬁ%ﬁﬁmmmmm wazutasdayanuly
stluunfianananFauifasuuusiaes %ﬂﬁﬁqmm‘mjmmmiﬁéﬂui’i’w@mnﬂﬁmm"ﬁmu
GRIGHITHIE LazAEasaLaT AN NN ULLS AT (Mohamad, Ahmad, Jawawi, Lag

Mohd Hashim, 2020) ssn1wisznay 7

MACHINE LEARNING

Raw Data Features Modelling Insights

1@
source2 @

sourcen @

e

Select and merge Clean and transform

nwiszney 7 uanansruaunisindAnssianiane Ineiideyananaurasidisasiuuan

Auaranauazi Ao laslassadalmiuguansusiniandguuuanaainisiiung

AN (MasterSoftwareSolutions, 2021)
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mAtiANT9MndAINgsNAAN R Tun1saie A AN sl wiselfugtuuudaeya
3
i

WBIATUANETUY T9HNANEAS (Brownlee, 2020b; Datacamp, 2021) #d

1. NMFUNUATNLIAME (Imputation)
4

Nezydeyaliiniu ansniEnAMIIAMEAaE

anulnnjnudesluuuuaauna

AU U Aede guilen sTaegn
2. nMsanNsTayannAng (Handiing Outliers)
a1aazifinanderanainvataanns i nisteudeya wsesnisdn ns

szananadaya NINeaes
3. NMSATUITANANNANFGN ] (Data Aggregation)

o ¥ 3 ¥ aa 1 1 dl
u’]ﬂ@ﬂgj@iﬂ?)Lﬂ?’\%ﬂLL@%@?ﬂ‘ﬂ@ﬁ;{@W’]\‘l@ﬂm FIU WATIN ANLRAEL FSEITIIRN

4. NNFAANIFIUNUALLAAN (Dealing with DateTime Features)
ynsuenduiuaznateanainiu lnasnandeyaaia DateTime

5. NMFAAUUIAUDITDNA (Scaling Data)
Unfigedeyanawindeyanuandwiuwsazandnene aaliudoaedoyali

| o ¥ = P o 1 ¥ o Y v ac |
munzanneulndeyallGoufdaell nastfudesesdayaanisonaldfoananads wu

Standardization, Mean Normalization, Min-Max Normalization

o o [~ %
6. nsuilasmanusitludayanaia (Categorical Data Encoding)
Humeuazms wamuiluen 1 uaz 2 muanau

v

L% NIFULNNANE LTEUANLNAL

3

ansnsoulaslelaeld 2 2% sall

6.1 Label Encoding
= v dl ¥ o o o 1 1 1 ¥ [ ca
N‘VMW‘V]LLﬂ@Qﬂ@Hﬂ[ﬁ]‘Jﬂmﬂf?LﬂumqL@ﬂLLm&Zﬂ’]lﬂ’N ] TaeldPaaniinn

6.2 One-hot Encoding
= ¥ dl o 1 o T Aa a o [ % o 1 o o
Antnnnaneeandlvdainaeanlind TagdarusuAeaniliniuanua

Uszinnredeyasansys uinmanislaeglszinnle azdvuadwindy 1 lupedny

dmiudszinnil dausenislalildegdszinm azuansrueluneduilssinmil
¥ e K
dasyaTugtuuunistiufinnng

u

nsvLnUNNsRAINgsNAnANEUzasuungnin 14y
14973 (Log File) iasandayatiuiinnisldnuiiudayanununainunannasueaulal

b4

(Mohamad UazARAL 7|, 2020) i N1auinTeAeanisizaun1saanly Massive Open Online
f9TaAUAILULEN Shopee

Course (MOOC), NTLAUKNIULEN Facebook, N384
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msﬁ“mm%mw‘lsiﬂuQammﬁ’aga (Handling Imbalanced Data)

Tunnsafrauuuanaasduiunisatwunilszinn Jasuwileainuilyuideauinae

¥ ] a o ] ! o = ! WY dl 1 » dl
dayaurazaaraiaruanldmindu Gundn “dayanlianna (Imbalanced Data)” @il
¥

Teymnzeenissuundszinniviai vungandderinuadayantauauLan iU

¥

! dl 1 Yo ¥ tﬂl 1 1 o 'S o dl v ndld
WARSARNTEA meiuimmmﬂ@umﬂmumm@u N@@Wﬁﬂqﬁ“ﬂ’]u'}ﬂ‘ﬂiﬁLﬂuﬂﬂ’]’&‘ﬂﬁ\l A
ANUUNIN (Major class) 1ny aiu@ﬂﬁmwu@ mmmﬂ@‘ummmm@ﬂ@ummm@mmﬂ
v

BYAAILULLANABINITAWUNUTTNT Tnsanunanldinaiavitaluiiznisdanisannald

upATstayad uiuuIdell wallalFandn “nisgustataiiunguilaafanisai

P

AaaEN9g9LATIZI (Synthetic Minority Oversampling Technique: SMOTE)” tun1sguiina

o £ dld v Y v 4? v 1 a o 1 o dl v
ANunteyaluaaanlteyasgtiosliuiniu Inaliusazaaialanuaumn o) du el

U

dagaianuannannIy Inaduannisvineusininilsznay 8 tazldunauniiienu

[ %

Fa%d (Sun, Lang, Fujita, wae Li, 2018)

1 14
] = ==

1. duANtay Z\lﬁ ﬂ"lummzﬁmrmu@ﬂu@mummmu1 AN ANATUIUALRE NS T

q

PANALINIIMNAWINTU Spys Taammuasaulsresanguluranatnnid xF

° ° = by Sa v S °
2. ﬂmumquaum@umu‘lmm@mrmlﬂ@meﬂ’mqwzgmmqu K oe

Avussulmeadeuinady x oS ~Near

o

y dowe A v d e v da
3. wdnaniduanqengduliduineuiunes ndlasandaun K

|
=

& AP & Y o A ) A, o o
4, ZillL@ﬂﬂ@qﬂﬂ@%UuLﬁuuluﬂq?@?qﬂmﬂH@Lmﬂmﬂﬂgizﬁqqﬂﬂ‘m‘ﬂ@}lﬂllLW@HU’]H

fiegIndiAesqniigu tneruussaulsrasaiiaudy x POSTSMOTE

' 1
= aa

mimuqmmimw@mwmmm.,,mﬁwmmmmmmnm ANUIURBLNTNAAIAAL 2 M Tnel

o

da1nn9 (1) o

xPos—SMOTE,_ — xPosl_ 4+ rand(O,l) % (xPos—Neari_

Pos
ij i—xPos)m

de i€ [1,2,...,5p05]. ] = 1,2, ..., K uaz rand(0,1) Lﬂumzimmwimﬁm

1 =K
7oVINN 0 TN 1
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O I:I Positive
Pos-Near. ( >

O O O Negative

A Artificially invented

_Pos-SMOTE
X ik

O

Mwilszna 8 LaAIARLINNIINUIBINNIAANTTTaY AT [ianaafaLds SMOTE Tagiin

v

=~ i = o Y vo
@H@ﬂ@’]@UQﬂVILﬂu@ ANENLAZANIEALN Lﬂu‘Nﬂ@N1ﬂ@ ANTTANNANAR LL@’W%VLQ"]J@H@

a o A g
mmmLﬂugﬂmumamummum
o o
7NN (Sun LazALay <, 2018)

NN9E51LULANaaIn1gaLUnilszLan (Classification Modeling Techniques)

v 2
o

LLIUS1089N199 uBNU sz nA N3 A S S uaw 7 wuy Tdun Logistic
Regression, Naive Bayes, Support Vector Machine, K-Nearest Neighbor, Decision Tree,
Random Forest La¥ Extreme Gradient Boosting (XGBoost) Lmu'ﬁmmmm%ﬁmﬂ%m
At auNane lUN I NN R UTRITRAR BT AN AR A

1. WULA1ABY Logistic Regression
Logistic Regression tuuuvanaasnisatwuniszinnlunisimssidey o

a

anduanunaziluresmadnsnanweaziatwize i nainuneazauey iudadendana

l
=

Aan1suie FadusaulsdaszRannsadluiuuylimaiiaanaruuuseiiias (Wikipedia,
2021a) #1N13983 Logistic Regression lwridu Sigmoid N anmwauziiluduldegl S tneden
5211979 0 D9 1 Warfduilg nuilasunanniaridu Logit el Al Infinity iiiasainAiadminay

Wuegszndng 0 24 1 (Brixius, 2016) wansnnilssnas 9



18

LOGISTIC REGRESSION

A A
s> ® e oom
o
o
ot
o O
oo © G0
> >

nusenau 9 ua mm'smﬁﬂu Lﬁ HUNAULASURINITN UL BIULLIAN A

Logistic Regression
N (Equiskill, 2018)
patiu annan lead luglgas Asanns (2)

e(BotB1X1+B2X2++BnXn)
1+e(Bot+B1X1+B2X2++BnXn)

P(class) =

ef X fie pusnuneson i dei = 1,2,3, ..., N
Bo An Aluuea (Bias)
B; aa AndanlszAvaans X; dei=1,2,3,...,N
e Aa Arnsfinndaransi Hug1uee9aen TNNssINTR HAN
Ineilsennnt 2.71828
U488 Logistic Regression 1 1adwasnsilszsnanalunisauindeyags
AANlAdng uRenaaziia Overfiting wazuLieandlu 3 Uszunmn (Wikipedia, 2021a) i
1. Binary Logistic Regression wlu Logistic Regression ‘ﬁlﬁsmj‘wﬁwmﬂ@ﬁ
1 2 pang i fldernasadnasfradensdaufvield (pan, ldadn)

2. Multinomial Logistic Regression Wlu Logistic Regression RIGERE

dld d?j 1 o ¥ o o o 1 v 1 o A 1
yand 3 aaraaull uazldannsnindeyanndnandy wu fEauazdumidenouasy

E_)f‘

v
e li (Brwiiuilsean, anuunue A, laidw)
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3. Ordinal Logistic Regression u Logistic Regression ﬁami’]zﬁ”ﬂg@ﬁ
° R ~ Y o ~ o A
AnsninanAnaaUle wu feauilannaldszdunanisgauluszaule RiEew, dnunans,
dunnala)
2. WUu41a4 Naive Bayes
Naive Bayes Lﬂul,muf-i’ﬁ@mﬁfmﬁwﬁﬂmimﬁmiwufluquwﬁmmme
dl 1 =) o o 1 QI dl o v Aa dgj al dl a d?/ v dl o
(Bayes Theorem) NLNLANDNAMNANAUTILUINAINNIAUN AU UBUAZAINT ATULAD LNANUNL
ARIAANAUAN LT UBAsTARUW (Amra Way Maghari, 2017) Taanmuasaulssig A

ANNNIDLIUAIANNNT (3)
P(X|C)P(c)

P(clx) = 21

(3)

Thersvasauds s

P(c|x) dupnasiraziluildnanalanananiie ield gudnrnzuds
(32141 “Posterior Probability”

P(c) fupnsriazdhiildraalanananiis “Prior Probabilty”

P(x|c) Lﬂummm@uﬂuﬁié’@mﬁﬂwmz Gedennanalanananiiaugn

(3831 “Likelihood”
P (x) dupmsninazduiildnndnuniz Sandn “Prior Probabilty”
Naive Bayes vinungdayaladiauaziia amnsn 4 lun1sauunaangaauausnan

(Multiple Classification) wsivan liwudayanaaaulugadayaniszoud azldauiudayad
Aatuluaue i Arpsnaziu a9ld95n191/szanmuen Laplace (Laplace estimation)
dandaelunsudiToywnil (Shamsi waz Lakshmi, 2016)
3. LUU4Aaad Support Vector Machine
. o dl o k4
Support Vector Machine Hluutuanaasildlunisauunissinndayan Ine

v d‘ 1 o dl = 1 ” dl o v Y] dl
A5 A UNULNAANARENANAUN FYNGN “Hyperplane N ITezaaLTe9 2 ARNA ITNINTNAR

q

1
=

(Maximum Margin) TngliidusevesnllduiaqniluanndnaesdeyanisGauiWilnangam
. : T ° & P ,

(38In41 “Support Vector” TeilatiWiiae 1 4a wuLAaediEAEnuniusiadeyasunau (Noisy
data) 1#A 1H89aNH Maximum Margin #13n9a41uundayanuisuenaanainiuliiauuui
1A (Linear SVM) uazuuu18iiE 9141 (Non-Linear SVM) (Jakkula, 2011) WATAUANNNINNLL09

SVM AN nisznay 10
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Support Vector Machine Algorithm

~

WiX+b=0

@ I support vectors

. i Class 1
. Class2

dataaspirant.com

AWLZNaL 10 WARINIININNULBILLLIAIA8Y Support Vector Machine

g wiunsutisdaya 2 Asia laun 3UAmanN (Aa1a7 1) warginnas (Aanad 2)
f11: (Awasthi, 2020)

v 1
NN3AUANIANT89E WIS 2 AaNa Tunsauunissinndeys Tnaldaunish

¥ 1
Suundautlssing - ldud wT fe Andwiin, x; Re qrdnunizaessianisi i, b Aa dd
Tuwes Bias)uar L = 1, 2, ..., N funassanish [ 1esgndaya (Wikipedia, 2021d) A9

ANNNT (4) — (6)

1. 44N"3 Hyperplane Aa WTxl- +b=0 (4)
2.viny; = class 1 aléi wix; +b > 1 (5)
s.uny; = class 2 alégi wix; + b < —1 6)

wnanunsouiviayaeeniu 2 panasaedunss Hyperplane Asuiilymsae
nsldannis Kemel Function unu ivalidayaauisautiseanainiuls Aeaunns Kemel
Function 4 @Nns7ien (Abuzalata, 2019) Fa@NnTs (7) — (10)

1. Linear:

K(xl-,x]-) = Xl'TXj (7)
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2. Polynomial:

K(xi,xj) = (yxiij +7),y >0 (8)

3. Radial Basis Function (RBF):

K(x;,x;) = exp (—y || — xj”z),y > 0 (9)
4. Sigmoid
K(xl-,xj) = tanh (yxl-ij +71) (10)

Wa X el Anuansnid 1 assenan Lwel = 1,2, ..., N
Xj e Anuanened 29esemai jile j = 1,2, ..., N

=X ! ! ¥

Y MReDe AAnNuALTeedaulAg

=< { a [ dl o a Qr !
T wunens ﬂ’]‘W’]‘NNLﬁl‘ﬂ?ﬂ'ﬂ\‘l@ﬂﬂ’]?‘l’]Lﬂu@ﬂﬂﬁ‘t@%ﬁﬂﬂﬂﬂﬁiﬂu@@

LAZLAANNIINUBIANNITG Kemel Function A9N nLsznatl 11

Linear 2nd polynomial  3rd polynomial

o 4
[ Y e
o d Y o
@ 2 %0 o
=] g [ ] =)
o "N . o
P *,
.. 0\
@ 0 "
variable 1 variable 1
Radial basis
o )
i 1
o / (]
ol © .0.\-. § o
o g o
5| 020% %% =
= e @ 8 ") T
> P o oW \ >
° @ ]
LN ALY
variable 1 variable 1

nilszney 11 udaeniaUTe L UN1TNIUTRILLILAa89 Support Vector Machine Tagld
doyaNnauITnuLN 2 Aandfaedunse uazdayad launsnui 2 panasaadunss annig

nuaeaaNiuglwnan@uos (ranai 1) uazgilaenanddn (raad 2)

A (hefinioanrhys, 2019)
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salinaiadanisauunilszinndeyaetwilas 3 Aanaauld anunsnldmetia

On- versus-All a2 One-versus-One AININLsZNaL 12

One versus all One versus one

) '.0
™~ .. (o) © O OOO ™~
@ o) @
3 0©° <
g PS g

0e°
o °

Co variable 1 Co variable 1

AMWUTENaL 12 WaAINTLELINELNNINNNULB9ULILA1884 Support Vector Machine Tagld

v

doyaNgnuiLNAaIELLL One versus all uazdasafgnuLNARIALLL One versus one AINN13
o dl a n:i a dl al I
nunraaniuglaanan@sing (panah 1) sUnan@in (Aanam 2) wazglanandmaes

(AA&7 3)
Aun: (hefinioanrhys, 2019)

IPYANNAAUIUAANAYINAY 4 azlFian

¥

1. One-versus-All iuEuLagadaan 1 uuNLssnnanuIu 3 4a Al

v o

(nnmuaauau K aana agldgadaganisauuntlssinniiannen K g0)

q a
1 ]

1.1 90 1: AANAT 1 U [AAET 2, AATAT 3, AANAT 4]
12907 2: AAET 2 1 [AA16T 1, ARNET 3, Aanafi 1]
1.3 61;@‘1’7; 3: PANAT 3 1L [ﬂ@’]?ﬂ'ﬁl 1, Aanal 2, Aanal 4]
2. One-versus-One i lutlgadaganisuuntlazinnanua 6 g

o & ° ° v o ° 2 k X(k—l)
AU (MNNNTUUARTUAL k ARR @Ziﬁﬁﬁﬂlﬂgﬁj@ﬂqﬁ‘@qLLuﬂﬂﬁ‘ZLﬂVWN'VINm — ]

q
' ]

2.1 907 1: PAET 1 17U ARAT

2.2 ﬂgmﬁ 2: panadl 1 U pANAT 3
2.3 ﬂgm‘ﬁ 3: panadl 1 U pANAT 4
2.4 ﬂgm‘ﬁ 4: AANAT 2 1L AANAT 3
2.5 ﬂgmvi 5: A& 2 U ARAT 4

2.6 A% 6: ARNAT 3 1L AANAT 4
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4. WUUANABY K-Nearest Neighbor

K-Nearest Neighbor Hluutuaaasnisauuniszinndaya lnafiansainiiew

v

Tulndipeigaanuau K dumis aanseazinsendnaus azauansue ludeyasatinauas
v o

fayanauladnagranals Immmm”ﬂ”mm@ﬂmm hiAs AT ladne Feufdayalags &
AANTIINUE adayasuINIL (Noisy data) 147 wiAaudetlszaaanadn danulasalaseais

4 A (Data Structure) meq@fmumm:‘mmummwﬂimfau 13 (Amra Las Maghari, 2017)

v
o

L)
TS dumeunNine . 59

v 1 a A 1 ¥ = 14 .
1, mmm@mmmwmmmm@qmmlm A ngadeyani1sEeug (Training Set)
7ifl 2 pana lu Aanadl 1 (qURwAnN) uazaanal 2 (gUanuwass)

=

o dl ] v o al dl o dl
2. NMmuAaUIugnnet IndlAtiuandleangaly K qm (3119uRA)

3. ANNFAAIMUA K 1AL 3 wdaAIUIMezezNIe (Distance) $51319907
v = S a A ° a B P LU o A °
InAiALNqARIIEINgAI U 3 AR LAZqARITEN WLIARAT INALAENAARITHANgAA1MIU 3
qn laun sUAmaesn 1 31 uazgianumany 2 g1
4. siaunldnanng Majority Vote Tunisiaenmaiadulunineindiaaq
a 1 uh

]

11U 3 0 memmﬂmumaﬂu 2 34 mnm%‘ﬁ@maw 19

u

f

V3
=)}
[n]
e}
=)
D
>

= - .
AL ARIAT 1 smﬂugﬂmumaﬂu

Training instance - Class 1

New example
to classify

NNL9ENaL 13 LARANFIALINNNIINNILIBILLLANARY K-Nearest Neighbor AINNNINNUA

o 4 o 4 o <
paanlugldmasn (aanan 1) uazaaaniduglanumasy (panah 2)

AN: (A. Ali, 2018)
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5. WUUA1ARY Decision Tree

Decision Tree lunilsluntiuanaasisnisanuunilszinnuaznismnsmeinig
J dg/d v di ¥ Yo a = v a c
aaneg uuuAnaediRaNlade iesndulifaduladunsdeuuunnisindulasessysed
nnuduguansuelannaiia anmdanisdayagouie wiaawd1elddangu win
wlasuuilasdagya vinTiwaunw Decision Tree wasulsl anavinliiiia Overfiting fiudayale
] ° v ' ° o o 1 Y . N o Y ¥ 1%
d1e il dauadanisvinuiedayald i Aesfin Decision Tree HANH Mz AR EIA W1

NaLNAI (Patel uae Prajapati, 2018) Usznavumag

Y o = . ) a 9 o =
1. 39N2¢A1ULUNITENYT “Root node” 1uqaldNAuN1indnlazeg
ATLANSIUY

2. Wldnedszudneanuazluldfegfruansgn Fandn “Intermediate

node” Tneiusiaz Node uansiilupmansuzlala Root node wazvinutinnutiauendasya
\iLAERL Root node

3. luldPagiuanege Bunda “Leaf node” uandufdNIMLAAAIATD
v o e o . L. % B o . d
dayasiiatng (Sample) NHAnwziduA UL lisAaeY (Discrete) TaA1LLLABLHAY
(Continuous)

penanauNuEeAulinefindunla sanwilsznad 14

Root Node
Intermediate Intermediate
Leave node
node node
Leave node Leave node Leave node Leave node

AsEnal 14 LaAINIINNIUIBILLILIANA8 Decision Tree MlATATI9UR9E9911s

A" (z_ai, 2020a)
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ya A

Decision Tree Hnn9niwmasnisutivuandeyalanna wuinal (Entopy) il

o

Ainnhresdeyaninaawnnienl Inaannmsaulasing o A%l (Guleria, Thakur, uaz Sood,

v

L ANUIUMBNTIINA T BNl

—_

N

- ngudaetglugadeyanisEaug (Training set) wanssae S
3. ulnstuesgangusicadtne S uanslae H(S)

4. ponuthazilurewnnisigninuuasae P;

5. AruauATilud it b

AL Entropy ANNIIRANUINARLIGAIAIANNTT (11)

_ \yn  _

H(S) = Xi—1 —P;log,P; (11)

i v
Lﬁ@ Zl=1 Pl = 1
11A" Entropy H1dA19tL A1 Information Gain @aid un1sdaN Ueuanan
o ' 1% v A o v . . ~ 1% v

ArudnEzwisuendayalaninesla wnamuanemuz A" Information Gain 1nnige fulday
A o aal’ QI v Y = vd‘ v o
wenamuaneziiiugn 4; uwazunniadtuesn Ineudsdayaniszeanies o auldamau

Iy ) ~ o v o o ° |
mﬂH@LLm@zﬂ@q@ Lﬂﬁ‘ﬂ‘uL@N@uﬂq?LLMﬂIULLNV]N@ﬂﬁmgmqﬂﬂ’]ﬂqﬂ@\ﬂlﬂﬂ NITANUITUAN

Information Gain AY41N1S (12)

IG(S,A;)) = H(S) — ZEEValues(Ai)P(Ai = v)H(S,) (12)
o v wanefs Aessnenzlizan (Value (4;))
S, = {s|s € S, Value(s,a) = v} Weila € A

o o o

= a dgjd dld 1 o dl 1 %; =® 78R . .
NM3ANE BN AUANEUEAR AR WIUNINT IE170 Asld A1 Gain Ratio
d‘ 1 . . [ % dgj a o o ¥ A
(GR) W1 1189a1NAN Information Gain 184AMANEHATd AR WIUNIN i lignidanidy
FnuazuLuendayanen vinlHHaIWIuAININ A1 Gain Ratio avann iWadayagnutiawii < fiu
WazAN Gain Ratio Wt iladayantjaanaintn (Gulati, Sharma, Uaz Gupta, 2016) InEIAIWIRY

A1 Gain Ratio & A9&NN19 (13)
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_ 1G(S,A)
| GR(S,A;) = SIGAD (13)
e ST u Split Information TaeATInIANANANT (14)
1Syl ISyl
SI(S A; ) - vEValues(Al) |Sv| lo blTvl (14)

6. WUUA1AAY Random Forest
Random Forest L WILULANM899N19UUNUTENNUAZNNTIAIZNNTDAD AL
iR U Decision Tree Anannnsldas Ensemble Learning Ime1in Decision Tree NANEIR1N
1 901 o o ] o 7 1 1 £ Yo a a
Tdmriuniuianiu aunsauityuiaa it avguaesdulddndulauazniaia
- ! inni 1 QI a a o ¥ v
Overfitting 418! kAl WATNTENANUILANTAINNIIN ULV 2L ANAAEY (Test set) At
wuuanaesnuldAndulauwsazfa Random Forest il udqunilerasmaiin Bagging (J. Ali,
Khan, Ahmad, k& < Magsood, 2012; Jayaprakash, Krishnan, ia ¥ Jaiganesh, 2020) IR
o o aa o dgj
PANNIINNIU 278 A9
1. Bootstrapping {WumataniiniBunndays wazldlavinlddayadnang
wanuaeivy Inadanisdeyaniuunesa azldgadeyanssiugadeyafamnans | 1

AININLTENaL 15

Data used to
traintreen®1

1
JEEEERE
3 A
‘ @ Data used to
train tree n® 2
‘ JEEEFETT]
7 '\ s T
1‘-<
|
|

Entire Training Data set

2 [ e

S B N =

Data used to
train tree n N

ST
3 '
1R 1]

nwdsznay 15 UaAINIINNNIULBIMLLIAIA8S Random Forest §uiunnsadegadayasiae

WATA Bootstrapping WHAALAL

AN (z_ai, 2020b)
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2. Random Feature Projection uin ﬂﬁﬂﬁ@:m AANATUANHUTUAAY

a
o o ¥ o 3 ¥ dl ] o o
LLLRNARN Tmmmmﬂ@g@mmmqu@u mﬂﬁimmmm@mmmwmam PN NLITENAL 16

Random features
Treen® 1 picked at Root Node

E A F
— o 1 [
t tot t - X

@ awe :::W:‘sm e RootNode (F) © 4L [

AB CDEFG Random features 3 Random features
1‘ ‘ | ‘ ‘ ‘ picked at Node 1 picked at Node 2

- o c G D l|-A B s

' 1N A pn——inE
4l S — [ a || Node 1(G) Node2(a) | 4 [ [ |
3 o

3 T ‘ 31

nwisEnay 16 WARINNIVINNLLBILLILIAIA8Y Random Forest 1u5LINN9quIaanNAnIANEIE

1e9tndayan ldannsld3s Bootstrapping

AN: (z_ai, 2020b)

UnANA Bootstrapping WazmAila Random Feature Projection 1191191439814
[ dl (93 o 1 o EY = 1
UL LLLULATINBN fﬂﬂmﬂﬂmwlmmﬂmﬁ‘ﬂﬂu’mLLM@SLL‘LI‘LI@’]@@\‘] LL@QL@@ﬂﬂ@’]@@QUIVﬂJ

(Majority Vote) @4fiAe naagln1sinuneaesniiLaIandies aanmilszney 17

Random Forest Simplified

Instance
Random Forest ,/ ' \\\
}>
Tree-1 Cc Tree-n
Class-A Class-B Class-B

I Majority-Voting I

Final-Class |

AWNLIZNDL 17 LAAINIINNIUTBNLLLANAD Random Forest @195 UN19N1N1199NA LIS

o . v
WLURMARY Decision Tree YaNgsid

fi11: (Wikipedia, 2021¢)
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7. WUUAIABY XGBoost

XGBoost ¢iaN1a1N Extreme Gradient Boosting LS 189N TN
szinnuaznig Lmﬁzﬁmmmﬂﬂﬁ@qmmm@ Decision Tree it 4 lunnsusi«iu Kaggle
annsognin Wl dsee naflunane o Audmsunisvioune goenfianlssAvsnmmsyiuneu
ANUAINLNLEN (Accuracy) ANH 1Y (Sensitivity) WAZAINNANWNE (Specificity) Tasdasanng
naaal (K. Yan, 2021) daaanni9iia Overfitting mmmﬁmmﬁi’m@ﬁmmmﬂ YONANTHET
anunsaudiToymldassiaeldninannanisdszutanaiieadniias (Chen waz Guestrin, 2016)
wazilumAia Boosting FaiAan iR adesuantsznni udaunds (Strong Classifier)
anFausnsznniidauus (Weak Classifier) ImﬂFiﬂui”fasﬂ@;ﬁ@um”fammu'ﬁmm Decision
Tree udaadautusiaadluy Weudlan sfaruRaNaIANI¥ N EaNLLLIA A8 IR
(Brownlee, 2016) N13%114114224 Boosting Lﬂumiﬁﬂui’ﬁimﬁmﬁuuﬁm Sequential fashion Tngil
PANNIINWNULEI XGBoost (Saraswat, 2016) ANNWLsznayL 18 St

WS

1. dgadayandiin (FrauAuIRu uazsuanduwnd) Wnguuuanaedi 1

U

Tneill Weight 1edayausiazsiomaniu

[ %

d' I ) [ ) ~ I gz‘/
2. Walfuanisinunasauuuataei 1 1hua Al
o ai o a o al 90J a o 1 al 3’, dl %
2.1 FiaviuneRANaIn (FaauAiiRu 2 o anludesdune 119 | Ne
' L oY A o = o A% a2 Ay | R
2t/ lutaeAuIRU uazFaLaNAuAY 1 A AnludesdunRu 11 < Ncedes ludesd@uiun)
2.2 avinunegnsies (FaaudunRu 3 fa agludesdui(u uazdauan
a o 1 1 = 1 ¥
Auns 4 60 agflutesduns atnegnsie)
QI . Y o o/ dl ° a . Y o o/ dl
3. W Weight Tiudanvinuaianan wazan Weight liiusannig
gnries Tneldds Gradient Descent lunnsun Weight NvinliiinArauRanaatioangn
4. salilindayaniiuuazan Weight waavinunaafauLLAa897 2 salil
Tnauunanaesh 2 dasiludaseseuuuananii 1
o 1 o = ' 2o ° ~
5. N9 uaNde 2) - 48 4) Foe ] aundazlAanuIuLLLANa8IAINT
nuuA
o o | o dl v ¥ .
6. MNNN9IINNANNINUIELAAZLLLAA07 16 taald Weighted Average
N v ¥ a ° :’/ !
N1FFauFaINANNEANAIATRILLLANADIATI A
NM3VN91Ua89 XGBoost a1l inatqsannisinwadayananain TnaEaud

° | o X . .
AMNBLUINNENNAUNUTULTBE °) u Sequential fashion
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Original data set, D, Update weights, D, Update weights, D,

+ > R
= + S R S Combined classifier
N + = + = - s
+ & " =
s < -
Trained classifier Trained classifier Trained classifier i +
&
=5 s €0 : + -+
=) = - 4+
+ + +
: + = + - H
+ + +

Nwlszney 18 UaANAIRL WNNIYINIULBILLLANAEY XGBoost AMnnsizasdana 3 A

Tmmmﬁmgmﬂu 2 AANE MALA AANALIN WATAAIRAL
o
Nu: (Alto, 2020)

NISARLAANAMANEME (Feature Selection)
O - o ey . =y o , PR
ﬂ’]?ﬂﬂl,@‘ﬂﬂﬂm@ﬂ‘]ﬂ'mz NN@GI@ﬂﬁf:@Vlﬁﬂ’WWﬂ@\‘lLL‘]_I‘]_I@W@@\‘]Lﬂu@ﬂ’NQJ’m N‘Mu\jlu

mATANTIARLAEN AN WL AN “Feature Importance” T9tuandAmuansuelal

o o o o [ %

ANIATYALLLLSaesNIndeeiiesla Wena Uiy AuanEzaY | Tnafiansainain

L4 q

AZUUBANNAIATY DI ADIAN B UL LANIANULILIAN AN AT UIBAZ ULBANN A ATY 19T e

v o o

AEUALANAIATYTDIUARE ADIANHDLE LAZIAANAUANHTUENAHAFLULANA8INIT

VUNINNGAAIEAIUIUAAN B IUENNIULA NN AMANHEIAT ARz LUWAINENATY

I Aa

NN WAAITIHANEANAA (Loss) HINANNITVUIE AANH M Hazgnamdududuwsn

v
o o { aq

1 1 ¥ 1
Aau a1usnldiuAMAN ULl LUATAaLHaswazLuuA1 ldAaay 25n19HLTWAEN

q

Fend1 “Wrapper Method” Fa1luisnisetnedne IneAniaannguAnan st s 7

o :J/ = Y o ¥ = ¥ 1 o a a o dl
anAuANEUsiIuNe U FaudiugadayanisGeug deundnlss@nsning eauuuanaedd
auladmiuusaznguAuaneuztes A nduinguAudnrutean linadnsanngna

= Y Y o a o Y a o
LmugmﬂLL‘ummmwmiﬂmm (Brownlee, 2020a) AININLTZNaL 19



30

Wrapper framework

T Best Feature
All features Search strategy ‘ Subset

[’—W _ | Feature Estimated 5 “—"
b Subset | Accuracy L
" Classification ‘
§ Algorithm )

v

‘20—-1>n—-n_mm>|—n\‘

NWlsEneU 19 LAAINIELAUNNIARIABNARANEIUZ A Wrapped Method
" (Bouaguel, 2015)

N99AUSLANENINARILLUINARY (Model Evaluation)
PAIRNNAFNLLLANAD9LTEN NN LUNUIZNNAY ARIN1TUT UL LA A0
o = a a o a G v 1 dl = 3 a a
wuUaaaedlszdnsanlusyaunninuzadaswa lnu LaTaaNani129alscdnsn1naas

o o

LULANAaINIsAuUNLszing Fandn “wnsndaiududu (Confusion Matrix)” featlugil
a o—dl o rd‘ a o aa a o o o
2AUNNINENMT WA BAAILDLATARANY Talaneuzidl 2 §R Anannisneuing i
sataesing o lsEndaanduan lUdnaanugnsies (Accuracy), ARnuNEN (Precision),
ANTLAN (Recall) LATAITARAAN Precision WaTA1 Recall Wiauu (F1-score) (Almasri

LATALAU T 2020) AaNINLsznad 20

Predicted class Predicted class
POSITIVE NEGATIVE
(spam =) (normal )

[ Actual class | TRUE POSITIVE (TP)  FALSE NEGATIVE (FN) | gocas
POSITIVE (== = TP

TTP+FN
fspam 3 )
— 05882

T320+43

Actual class FALSE POSITIVE (FP) ' TRUE NEGATIVE (TN)
NEGATIVE = = = &)

ot )

Precision
TP

“TPiFP

_ B =0941
T320+20

Nsznau 20 uaAeAIatiNN1T ALY AN ATNABIULLAIABINIIVNUN R AT uA LY

1
=

visald Toeld Confusion Matrix &1vsudiayandl 2 Aana

AN: (Widmann, 2019)
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annniszneu 20 iunsvinunedeyanieaiuam 2 pana TneinsAuangnsnis

U

o

ARG ] TulrizndadNduan Aeannng (15) - (18)

TP+TN

Accuracy = (15)
TP+TN+FP+FN

.. TP

Precision = —— (16)

TP+FP
TP
Recall = —— (17)
TP+FN

F1 — score = 2 X (

RecallereciSion)
Recall+Precision

Tnesiauissing <) aanaunns (15) - (18) Hpanumuie Al
1. True Positive (TP) Aia nan1svinunadiiupaanawla wmentudayauias
= = | o >
Wupananaula Haumsnedndunisinwegnsaed
2. True Negative (TN) A8 uanmsvinungdn il lailunananaula dunsaoiudeasya
wiasslalaiduaananaula dpaumunnadiilunisinunagnsies
3. False Positive (FP) Ag nan1svinunadilupaiananla wideyauiaselld
all = ! o a
dupananaula Ipanuvsnaddlunsvinuneanain
4. False Negative (FN) Aa nan1svinungdnldlaidupananaula usidayauias
dl a 1 o a
Wupananaula Hpnnumsnediiunsminunaianain
= A &£ o o 9 o £ ° C e
annstinildmiudayanianuau 3 aanadull anunsoAuansAIiRAs09 o lu

u

LIUNINTANNNAUA U UAEINNY sanwilsznan 21
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Predicted class | Predicted class | Predicted class
POSITIVE NEGATIVE NEGATIVE
(spam 2 ) (ad ) (normal & )

Actual class TRUE POSITIVES
POSITIVE o e - m .
(spam = ) 286

Actual class
NEGATIVE == = & =8

o)

FALSE
Actual class RESIIES

NEGATIVE

P
(normal = )

=0 £ =

nwilsznay 21 uaAeAaReieN13IRLsrANBNTWIBNLLILIANABIN IR IMA g LTy

1 Toe1ld Confusion Matrix dsudananil 3 Aa4

a

#U": (Widmann, 2019)

UIENLNLITRY (Literature Review)
1. UNAINARE L3849 Improved students' performance prediction for multi-class
imbalanced problems using hybrid and ensemble approach in educational data mining

(Ahmad, Anuar, & Hassan, 2020)

9 o =R a ¥ o = % v ¥ ql/
QJJ'J"QEII],@ ﬂﬂ‘]:l”’l‘l/\lﬂ FINTINNNT LIUITLLNNGA ANNTLIULIUVDINLTEIU LASTDH AN "ﬂﬂ

¥

e wgszAunanisEawaated e naldgadaya 2 40 Nn1anszuudniudeys

Q a

= =

JEeU uazsruunnszauieaulaaed Feuainumiangnat Malaysia lutlszmennaiis nns
ﬁﬁmﬂ@mmﬂﬂﬁmm@mmiﬂzmamm?’fmgwmﬂﬁdﬁ %ﬂmﬂﬁﬂﬂﬁ’i@:mﬁm%ﬂg@ 3 wun leiun
Synthetic Minority Oversampling Technique: SMOTE, Random Oversampling: ROS Ik /8 &
Adaptive Synthetic Sampling: ADASYN inAafian1sduandaya 2 wui 14 un Random
Undersampling: RUS 1ay Near Miss Undersampling: NearMiss quumﬂﬁﬁm?zim%qmm,ﬁ'm
wavandaya 2 uuy léun SMOTE with Edited Nearest Neighbors: SMOTE-ENN, SMOTE-TL

4

LA AR A NH TN UANANTUAS Gaday sl 1 gadayah 2 uazgadaya 2 90 wudn

LUUA1884 Bagging N 1A ANtz aastadays 2 4a AA1 F1-score 1Mn7ga aniiuun

q

oE
>

o

daya 290l lldmatiAn1sdAn@enAmanMUEA833 Fiter Method wanaIniigaiinng

WU aUl s A NS ANV N1 UNEURILLLA1ABIN1TA N 9217 18 1A Random Forest,



33
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2. UNAITNIRE 15D Managing Student Performance: A Predictive Analytics
using Imbalanced Data (Ashfaq WazAUaU ¢, 2020)
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3. UNA2INIARE 1589 Modeling and Predicting Students' Academic Performance

Using Data Mining Techniques (Mueen WazAUaY %, 2016)
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4. UNAIINIARE 1389 Mining Educational Data to Predict Student's academic
Performance using Ensemble Methods (Amrieh LASAURY %, 2016)
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5. UNAINNIRY L5D9 Predicting Students Final Academic Performance using
Feature Selection Approaches (Ramaswami WREAUDY %, 2020)
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6. UNA2T1NARE L5849 Educational data mining in moodle data (Shrestha Wag
Pokharel, 2021)
2 o =] a L% o = % v al [~3
FadeldAnngRnssunslidauluszuunisdanisFaudres Fen Azuwiy

uazdayanalil InelddayanesdFauauay 128 Al Anunanenae Kathmandu luilszme



35

dl o o v o ¥ o A o 4
WU AN IUNEILALAZIUULLLNARDLUANE (T811 WNTaY 1ﬂﬂ®L@’ﬂﬂ ADIANHTUTAIE

a kY]

Wrapper Method kAaintnedaeikuLaaadnisauunilszinnsing - 1éun K-Nearest Neighbor,

Naive Bayes, Support Vector Machine, Random Forest 1L & ¢ CART Decision Tree W 1 9 1

|
=

LLLAN9®4 Support Vector Machine ﬁﬁmﬁﬂﬂ@mﬁﬂwmz HANUN g g AW 93.94%
A7ULLUAN989 Support Vector Machine Wax CART Decision Tree 7 19114 2 ATUANHOLY |
m’mLLm'ufj’ﬁwi’ﬁumﬂf’n’@mﬁﬂwmzﬁwm 8 ATUANIEILL %ﬁﬁmmmﬂﬁ*uﬂ;qmiﬁﬂum@mu
WABnungzew annisaeannaAuLedgme

7. UNAANNIRE L'f::m Massive LMS log data analysis for the early prediction of

course-agnostic student performance (Riestra-Gonzalez LASAUDY 9, 2021)
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8. UNA2TNIRE L3849 Prediction of student academic performance using Moodle

data from a Further Education setting (Quinn wag Gray, 2019)
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9. UNA2INIRE 1589 Mining Educational Data to Predict Students’ Performance

through Procrastination Behavior (Hooshyar waz Pedaste, 2019)
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10. UNANNIAE (389 Clustering-Based EMT Model for Predicting Student Performance

(Almasri WazAWAY °), 2020)
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SWU 141 f5alulandivia

BoinbRad / Coumer / fwuldl / Repoms / Legi

WU 141 Slalulandila

1é
M

2021,

216

Apr

2021,

e

Aprd

2021,

2816

Aprit

2021,

21e

Aphi

2021,

2:16
L

Apri

2021,

218

user full
name

All groups A poricipents Jlm]; All days
Afoctions A¥sources | Arevent (2]
|-2aa;aznzm 12900 | 2
Affected Event Event
user toxt comp f  name Descripfion

Coune The user with ic 'S804" viewea the course with
vieweq a2,
Souse The user with id "S945 viewed the ‘quir’ activity
mogcyle wan course moaule id 18-
veweg
coune The vser with id 5852 viewed the ‘workshop’
moguie octivity with course moduie ia ‘20
yigwea
souns The uses with [0 '8842 viewea e coune with
vgwes ez
Soune The user wihn [0 '437% upaarea e
Sativity completion sfate for e coute moduie with
compistion  id 17 for the user wim i 6579,
YROCTEQ
courte The utes wim ia 'é57% upaatea e
aatiity completion i1ate for e coute Module witn
compiatian  id 17 for the user wim ia "6579".
pRl=l=teai-l-1
Counse The user wimn ia ‘4579 viewea me ‘poge’
meoyie activity with couse module ia 17
viewea

A
7

A nlsznay 26 waReIIENNILININAANTINNTT I FLIeNRARAINIT UL Moodle

d1: (InnovativelLearningCenterSrinakharinwirotUniversity, 2017)
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10008 10008, 10008, 10008

ANLUIZNAL 27 LAANAZLUULLLNARELARSHARAINTZUL Moodle
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DateTime
1/02/21,01:20
1/02/21,01:21
1/02/21,01:21
1/02/21,01:21
1/02/21, 11:46
1/02/21, 11:46
1/02/21, 11:46
1/02/21,11:52
1/02/21,11:52
1/02/21, 11:54
1/02/21,11:54
|1/02/21, 11:54
1/02/21, 11:54
1/02/21, 11:54
1/02/21,11:54
1/02/21,11:55
1/02/21, 11:55
1/02/21,11:55
1/02/21,11:55
1/02/21,11:55
1/02/21, 11:58
1/02/21, 11:58
1/02/21,11:58
1/02/21,11:58
1/02/21, 11:58
1/02/21, 11:58
1/02/21, 11:58
1/02/21,12:00
1/02/21, 12:00
1/02/21,12:00
1/02/21,12:00
1/02/21,12:01
1/02/21, 12:01
1/02/21,12:01
1/02/21, 12:01
1/02/21, 12:04

IdStudent

User

AffectedUser

EventContext
Course: SWU 141 #ialulandivia System
Page: damadrugdas msseduasauna  System
Page: dommdmiiias nmbwiduanauna  System

Page: fanviduugidas nsssduasauna  Page

Quiz: wunfiniacdaomaidasiivia Quiz
Quiz: wuAndadaomaidasiivia Quiz
Course: SWU 141 Fialuland®ia System
Quiz: wuuAniadaomaidasiivia Quiz
Quiz: wunAniadaomaidasisvia Quiz
Quiz: wunAniadaonaidasitvia Quiz
Quiz: wunAndadaomaidasivia Quiz
Quiz: wuniniacdaswaidaséivia Quiz
Course: SWU 141 HaluTanétila System
Quiz: wuuAniadaowariiasidia System

Quiz: wunAndadaimaidasitvia Quiz
Quiz: wunfAniadaonidusduianasian Google Quiz
Quiz: wuvAnviadaonsduduasasiog Google Quiz
Quiz: uuyfAnadasnsdusudayase Google System
Quiz: wunlnviadanndusudayadin Google Quiz
Course: SWU 141 Fialuland®ia
Course: SWU 141 iatulanédia
Quiz: wuyAnviadasnsdudutioyadag Google Quiz
Quiz: wuufniadasmsdusudayasin Google Quiz
Quiz: wuAnviadasnsdusuiauasion Google Quiz
Course: SWU 141 fialuland®ia System
Quiz: wuyAniadasnidusutayasan Google System
Quiz: wuudniadasnsfudutinyasan Google Quiz
Page: danmatunuiidas n1saanmdmnsinnsa L System
Page: dammIundifas nsaanidmnysnam ¢ System
Page: damstiuugidas msaanidunsioins L Page
Course: SWU 141 Halulanddia System
Quiz: wunlniadasadussmlunildivalulai uz
Quizz wunfmiadasatusslunaladvaTulat Quiz
Quiz: wuuAniadassiusrlunistdinalulat System
Quiz: wurfndadasatussmlunsledinaTulat Quiz
Quiz: wuyfAniadasatosTmilunstdnaTulal Quiz

Component EventName

Course viewed

Course activity completion updated
Course activity completion updated
Course module viewed

Quiz attempt r

Course module viewed

Course viewed

Quiz attempt viewed
Quiz attempt started
Course module viewed

Quiz attempt re

Quiz attempt submitted

User graded

Course activity completion updated
Quiz attempt summary viewed
Quiz attempt viewed

Quiz attempt s
Course activity

Course module viewed

Course viewed
Course viewed

Course module viewed
Quiz attempt reviewed

Quiz attempt s
User graded

Course activity
Quiz attempt s
Course activity
Course activity

Course module viewed

Course viewed

Quiz attempt viewed

Quiz attempt
Course activity

Course module viewed
Quiz attempt viewed

Description

The user with id '6243" viewed the course with id ‘2"
The user with id '6243' updated the completion state for the course module wit web
The user with id '6243" updated the completion state for the course module wit web

Origin IPAddress
web 1842220595
184.22205.95
184.22.205.95

The user with id ‘6243 viewed the ‘page’ activity with course module ld '6'.  web  184.22.205.95
eviewed The user with id '6216' has had their attempt with id '34713" reviewed by the utweb 171.97.73.170
The user with id ‘6216 viewed the ‘quiz’ activity with course module id '3 web  171.97.73.170

The user with id ‘6216" viewed the course with id ‘2",
The user with id '6216' has viewed the attempt with id ‘43597 belonging to the web
The user with id ‘6216 has started the attempt with Id '43597" for the quiz with web
The user with id ‘6216 viewed the ‘quiz’ activity with course moduleid ', web
The user with id ‘6216 has had their attempt with id '43597" reviewed by the u: web
The user with id ‘6216" has submitted the attempt with id ‘43597 for the quiz v web
The user with id ‘6216’ updated the grade with id '49654' for the user with id '6 web
The user with id '6216' updated the completion state for the course module wit web
The user with id '6216' has viewed the summary for the attempt with id ‘43597 web
The user with id '6216' has viewed the attempt with id '43598" belonging to the web
The user with id ‘6216" has started the attempt with id ‘43598 for the quiz with web
The user with id ‘6216' updated the completion state for the course module wit web
The user with id '6216' viewed the "quiz’ activity with course module id '5' web
The user with id ‘6216 viewed the course with id ‘2'.
The user with id ‘6216’ viewed the course with id 2"
The user with id ‘6216’ viewed the ‘quiz’ activity with course module id'S".  web
The user with id ‘5216' has had their attempt with id '43508' reviewed by the u: web
The user with id '6216' has submitted the attempt with id ‘43598 for the quiz v web
The user with id "6216" updated the grade with id '49656' for the user with id ‘6 web
The user with id ‘6216’ updated the completion state for the course module wit web
The user with Id '6216" has viewed the summary for the attempt with Id ‘43598 web
The user with id '6173" updated the completion state for the course module wit web
The user with id '6173" updated the completion state for the course module wit web
The user with id ‘6173" viewed the ‘page’ activity with course module id ‘10’  web
The user with id '6173' viewed the course with id ‘2
The user with Id ‘6216' has viewed the attempt with id ‘43601 belonging to the web
The user with id '6216' has started the attempt with id 43601 for the quiz with web
The user with id ‘6216 updated the completion state for the course module wit web
The user with id ‘6216’ viewed the ‘quiz’ activity with course module 1d ‘9", web
The user with id '6216' has viewed the attempt with id ‘43601 belonging to the web

eviewed

tarted
completion updated

ubmitted

completion updated
ummary viewed

completion updated
completion updated

tarted
completion updated

web 171.97.73.170
17197.73.170
17197.73.170
171.97.73.170
171.97.73.170
17197.73.170
171.97.73.170
171.97.73.170
17197.73.170
171.97.73.170
17197.73.170
17197.73.170
171.97.73.170
web 171.97.73.170
web  171.97.73.170
17197.73.170
17197.73.170
171.97.73.170
171.97.73.170
171.97.73.170
171.97.73.170
115.87.82.254
115.87.82.254
115.87.82.254
web  11587.82.254
17197.73.170
171.97.73.170
171.97.73.170
171.97.73.170
17197.73.170
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IdStudent -T|DateTime ~ | EventContext ~ |EventName A
- =14/01/21, 13:14 = Course: SWU 141 #3aTulandidaia  Course viewed
-114/01/21, 13:15 = Quizl Course module viewed

o

=114/01/21,13:16 = Course: SWU 141 #ialuTan@aia  Course viewed

=114/01/21,13:17 = Course: SWU 141 #3aluTaniidia  Course viewed

-114/01/21,13:40 = Quizl Course module viewed
Quiz attempt started
Quiz attempt viewed

-/14/01/21, 13:47 = Course: SWU 141 HialuTanfiWa  User graded

=Quizl Course module viewed

Quiz attempt reviewed
Quiz attempt submitted
Quiz attempt summary viewed

-114/01/21, 13:48 =/Course: SWU 141 #3aluTan@iiWa  Course viewed

-IPagel Course module viewed
-114/01/21,13:49 = Course: SWU 141 #ialuTan@idia  Course viewed
=IQuizl Course module viewed
Quiz attempt started

Quiz attempt viewed
-114/01/21, 13:56  =ICourse: SWU 141 #Ialulan@dawa  User graded
=Quizl Quiz attempt reviewed
Quiz attempt submitted
Quiz attempt summary viewed
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IdStudent  ClickPagel ClickPage2 ClickPage3 ClickPage4 ClickPage5 ClickPage6 ClickPage7 ClickPage8 ClickPage9 ClickPage10 ClickPagel1 Total_ClickPage

5 3 3 3 4 3 4 1 26

2 1 2 1 5 3 2 1 18
4 5 4 2 4 5 3 3 2 1 33
4 3 2 4 5 3 4 1 3 2 31
6 5 4 2 6 4 4 1 2 34
2 2 3 2 2 4 1 1 17
3 2 2 2 2 2 1 2 3 1 20
2 1 2 2 1 4 1 1 2 16
2 3 1 2 3 5 1 1 2 20
2 2 1 1 1 2 2 1 12
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IdStuden - Pagel Pagel0 Pagell Page2 Page3 Page4 Page5 Page6 Page7 Page8 Page9 NumbDaysPageViewed
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2
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1
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Sum of Duration Colum-T
IdStudent |~ | Pagel PagelO Pagell Page2 Page3 Page4 Page5 Page6 Page7 Page8 Page9 TotalDuration (Days)

1 8 15 52 22 29 43 52 222
29 53 29 29 29 29 29 29 46 302
22 52 8 8 22 22 29 52 52 52 319
42 42 8 42 42 42 29 42 42 42 373

8 31 55 31 29 43 55 53 312

1 8 51 51 51 29 55 51 297
52 52 52 22 22 22 52 52 52 52 430

8 44 22 44 44 29 44 44 52 331
53 53 53 53 53] 29 43 53 53 443

1 8 29 29 29 29 43 45 213
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IdStudent ClickQuizl ClickQuiz2 ClickQuiz3 ClickQuiz4 ClickQuiz5 ClickQuiz6 Total_ClickQuiz

7 2 1 5 3 18
9 5 4 9 9 36
1 1 2 5 3 2 14
3 2 3 4 3 2 17
14 8 12 13 8 5 60
2 8 5 2 2 1 20
5 7 4 2 2 2 22
6 7 3 3 7 5 31
4 4 4 2 2 3 19
2 2 1 4 5 14
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EventName Quiz attempt submitted T

IdStudent - EventContext Y| Month| | Dat(~ Deadline Duration (days)

= =1 Quizl =13.0. 14-u.@. 28/2/2021 46

-IQuiz2 -13.0. 14-u.ma. 28/2/2021 46

-1Quiz3 —13.Q. 28-u.@. 28/2/2021 32

-1Quiz4 =-13.0. 28-u.A. 28/2/2021 32

SHR 27-A.N. 28/2/2021 2

-IQuiz5 =IA.N. 27-A.W. 28/2/2021 2

& =1 Quizl =1 N.N. 28-A.N. 28/2/2021 1

-1 Quiz2 = A.N. 28-A.N. 28/2/2021 1

-IQuiz3 =HRR 28-1.W. 28/2/2021 1

-1 Quiz4 SN, 28-A.W. 28/2/2021 1

=1 Quiz5 =IA.N. 4-n.NW. 28/2/2021 25

28-n.W. 28/2/2021 1
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EventName Quiz attempt submitted |-T
Count of EventName EventContext A
IdStudent - Quizl Quiz2 Quiz3 Quiz4 Quiz5 Quiz6 TotalRepeat (times)
3 1 1 3 2 10
3 3 3 3 3 15
1 1 1 2 1 1 7
2 1 1 2 3 1 10
3 1 3 3 3 3 16
1 3 3 2 1 1 11
3 3 2 2 1 1 12
2 3 1 2 3 3 14
2 3 2 2 1 3 13
1 1 1 3 3 9
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Quizl
Duration1 Duration2 i
7 7 3
7 2 5
2 0 0
5 2 0
6 5 5
1 0 0
10 3 2
6 7 0
3 3 0
3 0 0

nLlsEnal 39 LARNTEIZINATNNINIULILNAREL A

IdStudent

IdStudent

NumTitleQuiz

5
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Quiz2
Duration1 Duration2 Duration3!
2 0 0
2 2 5
2 0 0
4 0 0
2 0 0
4 0 1
1 2 10
2 2 0
2 2 2
3 0 0

Quiz3
Duration1 Duration2 Duration3!
3 0 0
1 2 1
3 0 0
3 0 0
3 3 3
3 3 2
4 1 0
2 0 0
2 1 0
2 0 0

Quiz4 Quiz5

Duration1 Duration2 Duration3 Durationl Duration2 Duration3
7 2 1 3 2 0
5 1 2 30 27 5
8 1 0 3 0 0
6 2 0 15 1 1
20 17 2 5 1 1
5 1 0 17 0 0
2 1 0 9 0 0
7 1 0 18 9 30
3 2 0 23 0 0
2 2 2 19 2 1
¥ 1 v 1

599 1 D9 ASIN 3

59

Quizé
Duration1 Duration2 Duration3|
0 0 0
0 0 0
2 0 0
4 0 0
4 2 2
5 0 0
4 0 0
2 2 1
2 2 1
0 0 0

Quizl Quiz2 Quiz3 Quiz4 Quiz5 Quiz6 SumbDuration (minutes)

17 p
14 9
2 2

4
16 2
1 5
15 13
13 4
6 6
3 3

3 10 5 0
4 8 62 0
3 9 3 2
3 8 17 4
9 39 7 8
8 6 17 5
5 3 9 4
2 8 57 5
3 5 23 5
2 6 22 0

37
97
21
43
81
42
49
89
48
36

ANLFENAL 40 WARNIEEZIANIINNITNIN LLUUV]@ZQ@U?“JNVJTW{\T




IdStudent Quizl Quiz2 Quiz3 Quiz4 Quiz5 Quiz6 AverageDuration (minutes)

5 2 3 3 2 0 2
4 3 1 2 20 0 5
2 2 3 4 3 2 2
3 4 3 4 5 4 3
5 2 3 13 2 2 4
1 1 2 3 17 5 4
5 4 2 1 9 4 4
6 1 2 4 19 1 5
3 2 1 2 23 1 5
3 3 2 2 7 0 2
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IdStudent  ClickAssignmentl ClickAssignment2 ClickAssignment3 Total_ClickAssignment

11 3 14
9 9
8 8
7 7

14 1 15
9 9

13 1 14

1 7
5 1 6
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EventName A submission has been uploaded -T
EventContext Assignment T
IdStudent |~ Months - Date| - | Deadline Duration (days)
= SFR R 18-A.N.  20/2/2021 3
= =IN.N. 20-n.N.  20/2/2021 1
= =IAN.N. 20-n.W.  20/2/2021 1
= SEHRN 19-A.W.  20/2/2021 2
= SHRH 20-A.W.  20/2/2021 1
= = AN 20-n.W.  20/2/2021 1
= SEHRN 20-A.N.  20/2/2021 1
= =IN.N. 20-n.N.  20/2/2021 1
= = AN, 20-n.W.  20/2/2021 1
= SEHRN 20-A.N.  20/2/2021 1
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IdStudent

IdStudent

ScoreOnlineMeetingl ScoreOnlineMeeting2

3
1.31
3
2.38
2.69
2.44
3
3
0.5
0

mnilsznay 44 ugasazuuunanssnluiesizaueeuland

ScoreQuizl ScoreQuiz2 ScoreQuiz3 ScoreQuiz4 ScoreQuiz5 ScoreQuiz6é Total_ScoreQuiz

8.18
9.09
10
10
9.09
10
10
10
10
10

nLlszney 45 udnIAzuLUNTENFew

10
5
10
10
10
5
5
10
5
10

Asznad 46 LaAIAZLLULLILNARAL

IdStudent

3
1
3
3
1.5
2.5

O N W W

10 10
2 9
10 10
10 10
6 9
10 10
10 10
10 10
10 10
10 10

61

ScoreOnlineMeeting3 TotalScoreOnlineMeeting

10.00
10.00
0.00
0.00
10.00
10.00
10.00
10.00
10.00
9.00

1.8
0
1.95
1.95
2.4
1.5
0
1.2
1.95

ScoreAttendance

15
0
15
15
10
5
15
10
0
10

10
10
10
10
10
10
10

7.8
2.31
7.95
7.33
6.59
6.44

6

7.2

4.45
0

53.18
25.09
65.00
65.00
54.09
50.00
60.00
60.00
45.00
50.00
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IdStudent ScoreMidterm
15.00
19.50
14.00
14.50
21.00
14.50
14.00
14.00
14.50
16.50
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IdStudent ScoreAssignment
55.00
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60.00
60.00
46.67
0.00
50.00
60.00
40.00
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XGBoost Feature Importances of Feature Set 1: Log File, Activity Scaore (30%) and Midterm Score (30%)
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XGBoost Feature Importances of Feature Set 2: Log File and Activity Score (30%)
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XGBoost Feature Importances of Feature Set 3: Log File
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XGBoost Feature Importances of Feature Set 4: Activity Score (30%) and Midterm Score (30%)
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Accuracy (%) of Models in Dataset 3
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Accuracy (%) of Models in Dataset 4
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