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Abstract: Predicting final exam scores of students is important to forecast student accomplishment in the
learning process and functioned to help the students who might fail. This paper presents a method that
based on machine learning techniques to enhance prediction results by handling the imbalanced data
issues. The experimental results achieves the highest performance with 43.70% of Precision, 45.1% of

Recall and 44.04% of F1.
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1. Pit van dé

Viée du doan sém két qua thi cho hoc sinh, sinh
vién duya trén tinh trang mdi ca nhan dé cac em ¢
thé kip thoi diéu chinh cach thirc, thai do hoc tap va
c¢6 phuong an 6n tap phu hop, ciing nhu diéu chinh
phuong phap glang day cta gido vién, la mét trong
nhitng van d& can thiét va dugc quan tdm nhiéu trong
nhitng nim lai day. Cling vdi su phat trién cua hoc
may, nhidu chuong trinh du doan, tu van di duge
nghién ctru va xay dung [1][2] [3]. Tuy nhién, két qua
thu dugc van con kha han ché, ma mot trong nhiing
1y do 1a vin dé mat can bang dir liéu. Do dir liéu mét
can bang, khi st dung cac thuét toan phan 16p truyen
thong dé phan lorp, da phan cac phan tir 16p thiéu sé
s& bi phan 16p nhim thanh 16p da s6 [4]. Do vay, mot
sinh vién c6 kha nang thi hong nhiéu khi bi bo qua,
du doan thanh diém cao, hodc nguoc lai, c6 kha nang
diém cao lai bi du doan thanh thi hong, s& gy ra cac
hau qua dang tiéc, vi du nhu chu quan hodc hoang
mang, mét phuong hudng trong qua trinh 6n tap v.v.

Dé khic phuc vin dé mit can bang di liéu, nhiéu
phuong phép di dwoc nghién ctru, d& xuat va thu
duoc cac két qua kha quan khi 4p dung vao cac linh
vuc khac nhau, nhu phat hién gian 1an tai chinh, du
doan ciu traic DNA, du doan twong tc giita protein-
protein, phan 16p microRNA, chan doén bénh trong
y hoc... Theo mot sb tac gia, trong cac nhom phuong
phap xtr 1y dit liéu mat can bang 14 phuong phép tiép
can & mirc do thudt toan, phuong phap tiép can & mirc
dir 1iéu, thi nhém cac phuong phap xur ly & mic dix
liéu cho két qua tot hon [5]. Nhom phuong phép nay
bao gdm céc phuong phép sinh thém phan tir cho 16p
thiéu sb, phuong phap giam bét phan tir cho 16p da sb
va phuong phap két hop.

Trong bai bao nay, chung t6i s€ ap dung phuong
phap sinh thém phan tir cho 16p thiéu sé SCUT [6] dé
cai thién hiéu suat bai toan du doan két qua thi cua
sinh vién.

2. No¢i dung nghién ciru
2.1 Phwong phdp sinh thém phin tiv cho 16p thiéu
sé

Xét tap du’ liéu mat can bang S=S,.,vS (S
1a 16p thiéu s6, S, lalop da s0), tap chc thudc tinh
AuU{D}, véi D 1a nhan 16p. Thuat toan SMOTE [6]
cho phép cac phan tir 16p thiéu s6 tao ra phan tir moi,
cung nhan lop, nam gilra n6 va mot trong nhitng phan
tir lang giéng cling nhan 16p gan nhat ciia no, dugc
mo ta nhu ben duoi:

V6i mdi phan tir x,€S
nhit cua X, trong S ..

Chon ngiu nhién mot phan tir X trong s0 k lang
giéng tim duoc.

Phén tir méi duoc sinh ra X, ., Xac dinh:

XnewlAm] = x[An] + 6+ (6ldn] — x[4,1), m =1..|A],
3 1a mot gia tri ngau nhién thudc [0,1]

Dé cai thién hiéu suit ciia bai toan phan 16p dit
liéu mét can bang da 16p, Agrawal A. va cong sy da
dé xuit thudt toan SCUT [6], trong do, mdi 16p s&
dugc diéu chinh sé phan tir sao cho két qua thu dugc
1a tAt ca cac 16p déu c6 m phan tir, v6i m 13 trung binh
sO phan tir cia tit ca cac 16p ban dau. Cu thé, nhiing
16p ban dau cé it hon m phan tir s& duoc sinh thém
phan tir m&i bang thuat toan SMOTE, nhiing 16p ban
dau c¢6 nhiéu hon m phan tir s& dugc phan thanh cac
cum bé'mg thuat toan EM va chon ngau nhién tir cac
cum nay mot s6 phan tir dé loai b sao cho téng sb
ph?m tr ciia cac cum sau loai bo s€ bé'mg m. Viéc lam
giam s lwong phan tir 16p da s6 ¢6 kha nang lam mat

, tim k lang giéng gan
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mdt s6 thong tin quan trong cta 16p nay, nén c6 thé
lam cho két qua toan cyc bi anh hudng.

Trong bai bao nay, thay vi st dung thuat toan
SCUT nhu trong [6] & mdi 16p s& nhan dwoc m phan
tir, chiing t6i s& didu chinh dé tit ca cac 16p déu nhan
dugc max phan tir, v6i max 1a s6 phan tir cia 16p c6
nhiéu ph?ln ttr nht trong tap di liéu ban dau. Do do,
véi viée su dung phuong phap SCUTM, s& khong co
16p nao dugc thuc hién qua trinh lam giam ph?m tar.
2.2. Dit liéu thwe nghiém

Chung t6i st dung bo dir liéu UCT vé két qua thi
cua sinh vién khoa K¥ thuat va khoa Giao duc, véi 31
thudc tinh, sinh vién c6 Diém cudi ky (Output Grade)
thugc mot trong 8 loai khac nhau, nhu trong [8]. Sau
do, phuong phap Nam ) (Five-number method)
duoc sir dung dé phan loai két qua thi cua cac sinh
vién thanh ba nhom: sinh vién c6 két qua bé hon hoic
bang 1 dwogc phén loai 1a Thép, tir 1 dén 6 1a Trung
binh, trén 6 1a Cao. Nhu vy, s6 sinh vién dat két qua
Thap: Trung binh:Cao lan luot 1a 43:72:30, va ca tap
dit liéu nay mét can bang.

2.3. Thuc nghi¢m dinh gid hi¢u sudt dw dodn két
qud hoc tdp ciia hoc sinh

Qué trinh thuc nghiém dé danh gia hiéu suat du
doén két qua thi cua SV duogc thuc hién nhu sau:

1. Trudc tién, 95% dac trung duge xac dinh bang
phuong phap lua chon dic trung dua vao chi s6 Gini
cta goi FSinR trong R dugc xac dinh. Chiing t6i st
dung ham directFeatureSelection, v&i phuong phép
tim kiém 1a selectPercentile, phuong phap xac dinh
tAm quan trong ctia dic trung 1a filterEvaluator, thu
dugc 28 dac trung quan trong. Poan chuong trinh gitip
xac dinh cac dac trung quan trong nhu ¢ Hinh 2.1.

library (FSinR)
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tao ra tap huin luyén méi. Trung binh cong gia tri do
do hiéu sut cua két qua phan 16p cho tap kiém tra
trong 5 lan lap nay chinh 1a két qua dé danh gia hi¢u
sudt cia mo hinh. Chiing t6i sir dung may vector hd
tro (KSVM), thugc goéi 1énh kernlab 1am bd phan 16p
chinh.

Dé danh gia higu qua ciia qua trinh phén 16p, trong
bai bao nay, cac do do Precisiom (P chinh xac),
Recall (B9 hdi tuong) va Fl-score dugc sir dung thay
cho do chinh xéc toan thé (accuracy) nhu dbi véi viéc
phan 16p tap dit liéu can bang, nham tranh tinh trang
d6 chinh xac toan thé rat cao nhung rét it phan tir 16p
thiéu sb dugc du doan dang. Cac gia tri Precision,
Recall, F1 cua tap dir liéu D gém N nhan 16p dugc
dinh nghia nhu sau:

Precision (%) = M trong d6 Precision,
la d6 chinh xéc cﬁa nhan 16p thu i, dugc xac dinh
=100,

Precision; =
TP; +1=1=l

Recall (%) = Z=5 trong d6 Recall, 13 d0 hoi

tudng cua nhan 16p thi i, duoc xac dinh

Recall; = —TL— 100,
1 L

N i J4 . ~ r .
F1 (%) = %,trong d6: cuanhan 16p thir i

du’OC xac dlnh F1:(%) = Recall;+Precision;

O day, TP, va FN. lan lugt 1a s6 phan tir 16p thir i
dugc du doan ding va bi du doan sai so voi nhan 16p
thuc sy cua chiing; TN, va FP, lan luot 1a sb phﬁn tor
khong thudce 16p thtr 1 duge du doan 1a khong thude
16p thir 1 va thudc 16p thu i

2+Recallj*Precision;

~ Boan chuong trinh
dé sinh thém phan tir

dataset = read.table("higherteducation+stude evaluation.vector", sep="\t", head=T, row.names=1)
filter evaluator <- filterEvaluator('gini ;. \ N
direct_search_method <- directSearchAlgor entile', list(percentile=095)) moi1 dU’Q’C tI'lI]h bay

res <- directFeatureSelection(dataset,

Hinh 2.1: Xac dinh cac dac trung quan trong
2. Dt liéu sau xtr ly dugc thuc hién 5 lan kiém
chung chéo 5-fold (5-

library(scutr)

. dlrect search _method, filter _evaluator)

trong Hinh 2.2, va
Hinh 2.3 trinh bay cach du doan va danh gia hiéu qua
qua trinh phan 16p.

. . 2 dataname="higher+education+students+performance+evaluation.vector"
fold grossvahdatlon). O for(i in 1:9)
moi lan ldp, moi 16p co It
e X ., N ~ train = read.table(paste(dataname,"-train-",i,".txt", sep=""),sep="\t",head=T)
SO phan tu 1t hOIl cua tap train = cbind(train[,-ncol (train)],as.factor(train$Class))
colnames (train) [ncol (train)] = "Class"

hudn luyén tuwong tng
dugc sinh thém phan tir
dé dam bao co sb luong
tuong duong vai sd luong
phin tir coa 16p da sb
bang ham oversample
smote cua goi 1énh scutr
trong R. Cac 16p sau khi
sinh thém phan tir m&i dugc két hop vai 16p da sb dé

}

write.table (gendata,paste(dataname, "-

A mn AT v AT e 1T T

noclasses=unique (train$Class)

ovspl=max (table (train§Class))

gendata=matrixz (nrow=0,ncol=ncol (train))

colnames (gendata)=colnames (train)

for( class_i in noclasses) {
data i= train[train[,ncol(train)]== class_1i,]
ovsdata_ i= oversample smote(data_i,class_i,"Class
gendata=rbind(gendata, ovsdata_i)

",ovspl)

e-train-",i,"

RS R

LExt™, sep=""),

R — Y

Hinh 2.2: Sinh thém phan tir méi
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for(i in 1:5)

{
train = read.table(paste(datasetname,”
test = read.table(paste(datasetname,”
model <- ksvm(Class~.,data=train,type = "spo
ypred = predict (model,test[,-ncol(test)])
for (class_i in noclasses){

i, txt", sep="
svce", kernel="

TP = sum(test[,ncol (test)]== class i & ypred == class_ i)
FP = sum(test[,ncol(test)]!= class_i & ypred == class_i)
TN = sum(test[,ncol (test)]'= class i & ypred != class i)
FN = sum(test[,ncol(test)]== class i & ypred != class i)

result[class_i,
result[class_i,
result[class_i,
result[class_i,

"TP"]= result[class_i,"TP"] +TP

"EFP"]= result[class_i,"FP"] +FP

"TN"]= result[class_i,"TN"] +TN

"EN"]= result[class_i,"FN"] +FN
}

}

for(class_i in noclasses){
result[class_i,"prec"]
result[class_1i,"recall"] = result[class_i,
result[class i,"%

TP"]1*1

}

avgresult<-matrix(l,ncol=7)

colnames (avgresult)=c ("TP", "FP", "TN",
avgresult[l, ]=c(0)

avgresult[l," "]=sum(result[, "prec"])/length (noclasses)
avgresult[l, "recall"]=sum(result[,"recall"])/length(noclasses)
avgresult[l,"f1"] = sum(result[,"f1"])/length(noclasses)
result=rbind(result, avgresult)

"FN", "prec","recall", "f1")

Hinh 2.3: Du doan va danh gia hiéu qua qud trinh phan [0p

2.4. Két qud thwe nghiém

Bing cach dung goi FSinR trong R, hai thudc
tinh Regular artistic or sports activity, Do you have
a partner dugc loai bo, nghia l1a nhitng thudc tinh nay
khong quan trong trong viée du doan két qua thi cta
sinh vién.

Chung t6i so sanh hiéu qua cuia viéc lya chon dic
trung va thuat toan sinh thém phan tir bang cach tinh
két qua du doan két qua thi cua sinh vién bang cac
phuong phap khac nhau, trude khi &p dung Iya chon
dac trung Org, SCUTM va sau khi lya chon dic
trung: OrgF, SCUTMF, theo cic d¢ do Precision,
Recall va F1. Két qua thu duoc, cac gia tri Precision
(%), Recall (%) va F1 (%) dbi voi phuong phap Org
lan luot 12 37.56, 37.19 va 35.70; d6i v6i phuong phap
SCUTM la 40.02, 41.67 va 40.15; d6i voi phuong
phap OrgF 1a 34.83, 38.47, 34.49; d6i v6i phuong
phap SCUTMF 1a 43.70, 45.1 va 44.04.

Nhu vay, khi ap dung SCUTM, két qua du doan
da cai thién dang ké. Cu thé, Precision ting 2.46%,
Recall ting 4.48%, F1 ting véi tap dir lidu gbc, va
Precision tang 8.87%, Recall ting 6.63%, F1 tang
9.55% khi c6 ap dung luya chon dic trung. Va khi ¢
ap dung ca luya chon dic trung va SCUTM, két qua
thu dugc dat gia tri tdt nhét, voi Precision 1a 43.70%,
Recall 1a 45.1 % va F1 1a 44.04%.

3. Két luan
Trong bai bao nay, chung t6i da trinh bay mot

e-train-",i,".txt",sep=""),sep="\t", head=T)

")

= result[classii,"*E”]*,ﬁ'/(result[classii,"?E”]+result[c1assii,”FE"])

/(result[classii,”TE”]+result[classii,”FH"])

;*result[classii,";I%c”]*result[classii,"I%ca;;”]/(result[Classii,”;r%c”
+result[class i,"recall"])
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phuong phap 1am
tang hiu qua
du doan két qua
thi két thic hoc
phin cho sinh
vién, dua vao ky
thuat lua chon
dac trung va sinh
thém phan tr
dé xu 1y van dé
mét can bang dir
liéu trén bai toan
phan 16p dir li¢u
mat cén bang da
16p va thuc hién
danh gia hiéu
sudt ctua phuong
phap nay trén
tap dit liéu mau
thuong dugc st
dung. Chung toi
da thyc nghiém phuong phap nay véi su hd tro cua
cac goi 1énh trong ngén ngit R. Két qua thyc nghiém
¢6 so sanh voi két qua trén tap dir liéu chua xu ly da
cho théy, phuong phap dugc dé xuat c6 hiéu qua tot
dua trén cac gia tri 46 do danh gia hiéu suit Precision,
Recall va F1. Du vy, do kich thude cua tap dir lidu
dung dé thyc nghiém van con han ché, trong twong
lai, chiing t6i & tim kiém cac tap dir liéu thuc khac dé
thuc hién viéc kiém thir diy du hon, tir d6 c6 thé cho
ra nhiing két qua chinh xac va tin cay hon. Phuong
phap nay ciing ¢ thé ap dung dé lam ting hiéu qua
dy doan két qua cac mon hoc khac.
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