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Abstract: Predicting student performance to support and counsel at the right time is one of the most
important problems that many researchers care about. Though many machine learning based methods
have been proposed to identify at-risk students, the prediction results are still limited. In this paper,
we suggest a method based on feature selection and over-sampling to improve the performance. The
experimental results show that our approach is comparable to other methods.
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1. Pat van dé

Giao duc khong chi 1a chia khoa thanh cong cho
mdi ca nhéan trong x4 hdi ma con 1a nén tang dé xa
hoi phat trién va thinh vugng. Bén canh d6, d6i twong
hoc sinh lai la ruong ct cia nude nha, 1a chi nhan
dat nudc trong twong lai. Cho nén, lam sao dé hoc
sinh ¢6 thé nhan dwoc mot nén tang giao duc phu hop
nham phat huy t6i da nang lyc cta ban than 1a mot
trong nhiing van d& duoc cac nha giao duc va hoach
dinh chinh sach quan tam.

Mot trong sb cac van dé lién quan dén viéc phat
huy nang luc ca nhan ctia hoc sinh 1a lam sao phat
hién som kha nang thi hong ciia hoc sinh dé kip thoi
tu van va hd tro cho cac em, vi diém thi cudi ky cua
mdi mén hoc ¢6 anh hudng rat 16n dén két qua toan
thé ctia mdi hoc sinh trong nam hoc hién tai va do
d6 c6 kha nang anh huong dén két qua trong cac giai
doan tiép theo cua cac em.

Vi sy phat trién cta cong nghé, dac biét 1a su
phat trién cua linh vuc hoc may, cac chuong trinh
tu van, dy doan da ra doi va duoc {ung dung aé giai
quyét nhiéu bai toan thuc té. Nhidu nghién ciru vé
ung dung hoc may dé du doan két qua hoc tap cua
hoc sinh ciing nhu dé phan tich cac yéu t6 anh huong
dén két qua nay da duoc thuc hién [1][2] [3]. Tuy
nhién, két qua dat dugc van con han ché. Mot trong
nhirng 1y do dan dén sy han ché nay la su mét can dbi
du’ ligu, hay con goi 1 mat can bang dit liéu. Dir lidu
mét can bang gy ra khé khan khi phan 16p bang cac
thuat toan phan 16p truyén thng, vi cac bo phan lop
nay co khuynh hudng nhan dang tat ca cac dbi tuong
déu thudc vé 16p cac ddi twong c6 sb lugng 16n [4].
Hay noi cach khac, hau hét cac phan tir thugc 16p da
s6 (16p c6 sb lwong phan tir 16n) s& dugc phan 16p

dung va cac phan tir thudc 16p thiéu s6 (16p co b
luong phan tir it hon) ciing s& duge gan nhan 16p 1a
nhin 16p cua 16p da s6, két qua 1a accuracy cia viée
phan 16p rat cao trong khi sensitivity lai rat thap. Khi
ap dung vao bai toan du doan két qua thi cua hoc
sinh, nhiing hoc sinh c6 kha nang thi hong lai duoc
dy doan la dat, nén khong dugc tur van kip thoi dé cai
thién két qua, dan dén hau qua dang tiéc.

Cac nghién ctu vé dir liéu mét can bang trong
nhirng nim gan day nhan dugc rat nhiéu quan tim va
dugc tng dung trong kha nhiéu linh vuc khac nhau
nhu phat hién gian lan tai chinh, du doan cAu trac
protein, du doan tuong tac gilta protein-protein, phan
16p microRNA, chan doan bénh trong y hoc..., nham
muc dich phat hién cac ddi tugng hiém nhung quan
trong. Nhiéu phuong phap nang cao hiéu qua bai
toan phan 16p dir liéu mat can bang da duoc dé xuét,
bao gom cac phuong phap tiép can & muc do thuat
toan nhu diéu chinh xac sudt uéc luong, st dung cac
hang sé phat khac nhau cho cac nhin 16p khac nhau;
cac phuong phap tiép can ¢ muc dir liéu nhu sinh
thém céc phan tir cho 16p thiéu sd, giam bot cac phan
tir thude 16p da sd; va nhom cac phuong phap két
hop [5]. ) )

Theo mot s6 tac gia, phuong phéap ti€p can &
murc di liéu hiéu qua hon cac phuong phap con lai
trong viéc cdi thién do chinh xac sy phan 16p céc tap
dir liéu mat can bang [5]. Do d6, trong bai bao nay,
chung t61 4p dung mdt phuong phap thuéc nhom céac
phuong phap sinh thém phan tir cho 16p thiéu sb dé
nang cao hiéu qua du doan két qua thi cho hoc sinh.
2. N§i dung nghién ciru
2.1 Phwong phdp néng cao hiéu suit bai todn phéin
16p dit ligu mdt cén bang
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2.1.1 Lwa chon ddc trung

Lua chon dac trung hay lgya chon thudc tinh,
trong nhitng nghién ciru gan day duoc cho thy la
¢6 tac dung trong viéc cai thién hiéu suat bai toan
phan 16p dit liéu mat can bang [6]. Y tudng co ban
cua k¥ thuat nay la chi gitt lai mdt tap con cac thudc
tinh quan trong ctia dit liéu thay vi sir dung tit ca cac
dic trung dé thuc hién phéan 16p. C6 nhiéu k¥ thuat
lua chon dac trung khac nhau nhu Filter, Wrapper
hay phuong phép lai. Mot trong nhiing phuong phap
lya chon déc trung phé bién thudc nhom Filter 1a st
dung Do loi thong tin (Information Gain) dé tinh
trong s6 cua cac thudc tinh va gil lai cac thudc tinh
c6 gia tri nhat dua vao gia tri ngudng cho trudc.

Vi tap dir liéu S, tap cac thudc tinh A, Do loi
thong tin IG(A ) cua thudc tinh A € A dugc xac dinh
nhu sau:

IG(A,) = H(S)-H(S|A,) (1)

Trong do:

H(S) 1a entropy cua tap di li¢u S

H(S|A) la entropy co diéu kién cia S voi thude
tinh A_

2.1.2 Thudt todn sinh thém phan tir cho 16p thiéu sé
SMOTE-NC

Mot trong nhirng phu(mg phép Sinh thém phan tir
phé bién cho tap du liéu mat can bang S=S_uS__
(S, lalop thiéu s, S, 1alop da s0), ¢6 tap thude
tinh A chtra cac dac tru‘ng dang s6 va dinh danh, duoc
ap dung trong nhiéu nghién ctru khac nhau 1a phuong
phap SMOTE-NC [7] Phuorng phap nay cho phep
cac phan tir 16p thiéu sb sinh thém phan tir mor1 nam
gilta n6 va mot trong nhirng phan tir lang giéng cting
nhin 16p gan nhit ciia n6, duge mo ta nhu bén dudi:

V6i mdi phan tir x,€S ., tim k lang giéng gan
nhit cua x, trong S . . nghia la k phan tir trong S...
c¢6 khoang cach dén x, la bé nhit. Khoang cach & day
la khoang cach Euclid, dugc xac dinh dua vao cac
thudc tinh lién tuc, ddi véi mdi thudc tinh dinh danh
thi gia tri trung vi d6 léch chuén cua tat ca cac thudc
tinh lién tuc cua I6p thiéu sé dugc sir dung.

Chon ngiu nhién mot phan tir X trong s6 k lang
giéng tim dugc.

Phan tir méi duoc sinhrax
thue:

Vi nhiing thudc tinh lién tuc A _, m =1..|A[:

, & 14 mot gia tri ngau nhién thudce [0,1]

Vi cac thudc tinh dinh danh, nhén gia tri 1a gia
tri Xuat hién nhiéu nhit trén thudc tinh A trong k
lang giéng clia phan tir x, dang xét.

xac dinh béi cong

%
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X ., S€ duoc gan nhan 16p 1a nhén 16p cua lop
thiéu so.
2.2 Dit liéu thwe nghiém

Trong bai bao nay, ching t6i st dung bo dir licu
UCI lién quan dén két qua thi mén Toan ciia 395 hoc
sinh va két qua thi mén tiéng B6 Pao Nha cua 649
hoc sinh tai hai truong trung hoc Gabriel Pereira va
Mousinho da Silveira tai B6 Pao Nha, véi 33 thudc
tinh nhu trong [1]. Hoc sinh c¢6 diém cudi ky G3
bé hon 10 thi hong, ngugc lai la dat. Muc dich cua
chung t6i trong bai bao nay la du doan dé phat hién
cac hoc sinh c6 kha nang thi hong hay khong. Nhu
vay, ty 1€ hong: dat cua tap dir licu Math la 130:265
va cua tdp Portuguese 1a 100:549, va ca hai tap dir
lidu nay déu mat can bang.

2.3 Thue nghigm dinh gid hiéu sudt dw dodn két
qud hoc tap ciia hoc sinh

Qua trinh thyc nghiém dé danh gia hi¢u suét dy
doan két qua thi cua hoc sinh dugc chung t6i thuc
hién nhu sau:

1. Do loi thong tin (IG) cua cac thudc tinh
dugc xac dinh bang ham information gain cua goi
FselectorRcpp trong R. Sau d6, cac thudce tinh c6 gia
tri IG 16n hon 0 dugc giir lai. Qua trinh nay gitp lam
giam sy anh hudng cua cac thudc tinh khong quan
trong dén két qua du doan.

2. Dt liéu sau xur ly dugc thyc hién kiém chiing
chéo 5-fold (5 fold crossvalidation) O mbi lan lap,
16p thiéu sb cua tap hudn luyén tuong ung duogc
sinh thém phan tor dé dam bao c6 sb luorng tuong
duong véi sé lugng phan tir cua 16p da s bang ham
smotenc, k=20, cua géi I¢énh Themis trong R. Lép
thiéu s6 méi sau d6 dugc két hop véi 16p da sb dé
tao ra tap huén luyén moi. Trung binh cong gia tri do
do hiéu suat ciia két qua phan 16p cho tap kiém tra
trong 5 1an ldp nay chinh la két qua dé danh gia hiéu
suét cia md hinh. O ddy, may vector hd tro (KSVM)
thudc goi 1énh kernlab dugc su dung lam bd phan
16p chinh.

DPé danh gia hiéu qua cia qua trinh phan 16p,
trong bai bdo nay, cac d¢ do Sensitivity (D9 nhay),
Specificity (P dac hiéu) va G-mean dugc sir dung
thay cho d6 chinh xéc toan thé (accuracy) nhu ddi
v6i viée phan 16p tap dit liéu can bang. Khi phan 16p
tap dir liéu khong can bang, P9 chinh xéac toan thé
nay khong thich hop dé xac dinh tinh hiéu qua cua
mo hinh phan 16p vi cic bd phan l6p thong thuorng
s& cho ra do chinh xac toan thé rat cao do phan lon
cac phan tir déu dugc gan nhén 16p 1a 16p da sb va
rat hiém phin tir dwoc gan nhan 16p cua 16p thiéu
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s6. Céc gia tri Sensitivity, Specificity, G-mean duoc
dinh nghia nhu sau:

2, 3)

@) \ - ,

O day, TP va FN lan luot 13 so phan ti 16p thiu
sb duoc du doan ding va bi du doan sai so voi nhan
16p thuc sy cua chung; TN va FP lan luot 1a s ph?m
tir 10p da s6 duogc du doan dung va sai so voi nhin
16p thuc sy ctua chung.

2.4 Két qud thuwe nghiém

St dung ham information gain cua goi
FselectorRepp trong R thu duoc do 1¢i thong tin (1G)
cua cac thude tinh. Thudc tinh G2 ¢6 IG cao nhat cho
tap dit lieu Math va Portuguese 1an luot 1a 0.44241
va 0.26123. Hai thudc tinh khac ¢6 IG cao nhi va ba
12 G2 va s6 1an thi hong. Ba thudc tinh ¢6 IG cao nhat
nay c6 anh huong 16n nhét dén két qua thi cudi ciing
G3, d6i véi ca hai tap dit liéu. Cac yéu t nhu trinh d6
hoc van cua cha me, thoi gian di chuyén tr nha dén
truong, thoi gian hoc hang tuan, chat luong cac mbi
quan hé gia dinh, thoi gian rinh sau gio hoc, tan suat
ra ngoai voi ban, viéc ti€u thu bia ruou trong ngay
binh thuong hodc cubi tuan, tinh trang strc khoe hién
tai, s lan V:’ing hoc ¢c6 1G béng 0, tirc 1a khéng c6 anh
huéng gi dén viéc thi hong hay dat ctia hoc sinh trong
truong hop nay.

Chiing toi tinh két qua du doan két qua thi ctia hoc
sinh cho hai tap dir liéu Math va Portuguese, bang cac
phuong phap khac nhau, trudc khi ap dung Iya chon
dac trung KSVM, SMOTENC va sau khi lga chon
dac trung: FS-KSVM, FS-SMOTENC theo cac do
do Sensitivity, Specificity va G-mean. Dbi v6i mon
Toan, cac gia tri Sensitivity, Specificity, G-mean,
Acuracy lan luot cta phuong phap KSVM 1a 83.85,
93.84, 88.70, 90.58; phuong phap SMOTENC la
91.92, 88.99, 90.43, 89.95; phuong phap FS-KSVM
la: 90.15, 94.03, 92.07, 92.76; cuia phuong phap FS-
SMOTENC la: 96.92, 90.15, 93.45, 92.36. V4i mon
tiéng B Pao Nha, cac gia tri Sensitivity, Specificity,
G-mean, Acuracy lan lugt ciia phuong phap KSVM
la 62, 97.45,77.73, 91.97; phuong phap SMOTENC
la 80.4, 93.50, 86.7, 91.48; phuong phap FS-KSVM
la: 73.6, 97.23, 84.57, 93.58; cua phuong phap FS-
SMOTENC la: 85.6, 93.8, 89.56, 92.53.

So sanh két qua khi ap dung phuong phap sinh
thém phan tir FS-SMOTENC két hop véi lua chon
dic trung voi két qua cia cac phuwong phap khac
cho thdy hiéu qua cta né trong xir 1y su mét can
bang dit lidu. Cu thé, dbi véi tap dir liu Math,
Sensitivity va G-mean cua FS-SMOTENC da tiang
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lan lugt 13.077% va 4.748% so v6i KSVM, ting
5% va 3.012% so voi SMOTENC, tang 6.769%
va 1.381% so véi FS-KSVM. Déi véi tap dir licu
Portuguese, Sensitivity cia FS-SMOTENC tang
lan lugt 23.6%, 5.2%,12% so v&i cac phuong phap
KSVM, SMOTENC, FS-KSVM va Gmean cua FS-
SMOTENC lan luot ting 11.83%, 2.854%, 4.984%
so voi KSVM, SMOTENC, FS-KSVM.

Dbi voi do chinh x4c toan cuc, so v6i phuong
phép ctua Cortez va cong su [1], cung st dung May
vector hd trg 1am bo phan 16p chinh, phuong phap
clia ching t6i dé xuét ting 6.062% trén tap dir liéu
Math va 1.131% trén tap dit liéu Portuguese.

3. Két luan

Trong bai bdo nay, ching to6i da trinh bay mot
phuong phép lam ting hiéu qua dy doan két qua thi
cudi ky cho hoc sinh, dua vao ky thuét lya chon dac
trung va sinh thém phan tr dé xur Iy van dé mat can
bang dir liéu. Chung t6i ciing di thuc hién danh gia
hiéu suat ctua phuong phap nay trén hai tap dir lidu
mau thuong duogc st dung dé du doan két qua mon
Toan va mén tiéng Bd Pao Nha va so sanh véi cac
thuat toan khac. Két qua thuc nghiém da cho thay
thuat toan duoc dé xuat co hiéu qua tdt dua trén
cac gia tri do do danh gia hiéu suit Sensitivity va
G-mean. Du vay, do kich thudc cua tap dir liéu dung
dé thyc nghiém van con han ché, trong twong lai,
chung t6i s& tim kiém cac tap dit liéu thuc khac dé
thuc hién viéc kiém thir day di hon, tir d6 ¢6 thé cho
ra nhitng két qua chinh xac va tin cdy hon. Phuong
phép nay ciing co thé ap dung dé lam ting hiéu qua
du doan két qua cac mon hoc khac.
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