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Tém tit: Viéc dir bio sém nguy co trieot ky thi ciia sinh vién déng vai tré quan trong, givp cdc co sé gido
duc trién khai kip thoi cac chién luge tu van va can thiép, tw do cadi thién ket quad hoc tdp. Mdc du nhiéu
nghién cieu da vimg dung cac ky thudt hoc mdy dé dw bao két qua hoc tdp va phdn tich cdc yéu té anh
huong dén thanh tich cia sinh vién, hiéu qua dy bado van bi han ché béi van dé mat can b&ng dir liéu.
Trong boi canh d6, cac mé hinh phan logi thiwong cé xu hwéng thién léch vé phia 16p da sé, dan dén viéc
phdn logi sai va bé sot nhitng sinh vién thuwce sw c6 nguy co truot. Pé gidi quyét thach thirc nay, nhiéu ky
thudt xir Iy mat can bang dir liéu da dwoc dé xudt ¢ ca cap dé thudt toan lan dit liéu; trong do, cdc mé hinh
sinh dit liéu diea trén GAN da cho thdy tiém ndng lom nho kha ndng tao ra dit liéu tong hop chat lwong
cao. Nghién ciru ndy sir dung kién triic CT-TabGAN — mét bién thé ciia GAN dwoc thiét ké chuyén biét cho
dir liéu dang bdng — nham ndng cao dg chinh xdc trong viéc dir bao két qua hoc tip cia sinh vién trong
diéu kién dir liéu bi mdt cdn bang.
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Tir khéa: du bdo két qua hoc tap cua sinh vién, CT-TabGAN, dir liéu mat can b&ng

Abstract: Early prediction of student exam failure plays a crucial role in enabling educational institutions
to implement timely counseling and intervention strategies, thereby improving academic outcomes.
Although numerous studies have employed machine learning techniques to predict student performance
and analyze the factors influencing academic achievement, predictive effectiveness remains constrained
by the issue of data imbalance. In such contexts, classification models tend to be biased toward the
majority class, leading to the misclassification and overlooking of students who are genuinely at risk of
failure. To address this challenge, various data imbalance handling techniques have been proposed at both
the algorithmic and data levels, among which GAN-based data generation models have demonstrated
considerable potential due to their ability to produce high-quality synthetic data. In this study, the CT-
TabGAN architecture, a GAN variant specifically designed for tabular data, is employed to enhance the
accuracy of student academic performance prediction under imbalanced data conditions.
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1. bat van dé
Nhan dién va du bao sém nguy co hong mon cta

nhitng HS ¢6 kha nang thi hong lai duge du doan la
dat, nén khong dugc tu van kip thoi dé cai thién két

hoc sinh dong vai trd quan trong g1up nha truong
kip thoi dua ra cac gidi phap tu van, hd tro hiéu qua,
giam thleu rii ro hoc tap cho hoc sinh (HS), vi diém
thi cubi ky ctia mdi mén hoc phan anh truc tiép két
qua hoc tap ca nam va dinh hinh 10 trinh phat trién
tuong lai cua nguoi hoc. Pay 1a mot trong nhiing bai
toan nhan dugc su quan tam 16n cia cac nha nghién
cuu.

Nhiéu chuong trinh du doan két qua hoc tap cua
HS ciing nhu dé phan tich cac yéu té anh huong dén
két qua nay dd duoc thuc hién, Gmg dung cac cong
cu hoc may [1][2]. Tuy nhién, sy mét can bang dix
liéu ton tai trong céc tap dir liéu 1a mdt trong nhiing
nguyén nhan khién két qua du doan van con han ché.
Khi dit liéu bi mit can bang, cac bo phan 16p nay co
khuynh hudng nhan dang tat ca cac ddi tuong déu
thudc vé 16p cac dbi twong c6 sd lwong 16n. Khi ap
dung vao bai toan du doan két qua thi cia hoc sinh,

Journal of educational equipment (June 2026) Issue 356 (2) €¢ Journal homepage: https:/tapchithietbigiaoduc.vn

qua, c6 kha ning dan dén nhitng diéu déng tiéc.

Dé xir Iy van dé mat can bang dir liéu trong bai
toan phan lop, nhleu ky thuat khac nhau da dugc
phat trién, bao gdm cac phuong phap tiép can & muc
d6 thuat toan nhu diéu chinh xac suit udc lugng, str
dung cac héng s6 phat khac nhau cho cac nhan 16p
khac nhau; va cac phuong phap tiép can & murc dir
lidu nhu sinh thém cac phan tir cho 16p thiéu sb, giam
b6t cac phan tir thude 16p da sé; hodc cac phuong
phap két hop [3]. Phuong phap sinh thém phan tir
GAN c6 vu diém 1a kha nang sinh dir liéu c6 d§ chan
thuc va chét luong cuc cao, hoc va bao toan dugc cac
méi quan hé phirc tap cing v6i kha ning tao dit lidu
nhanh chong. Tuy nhién, GAN lai kho ap dung cho
dir liéu dang bang, vi cac dac diém cua né. Dé tan
dung dugc uu diém cia GANs, CT-TabGAN da duoc
phat trién va cho két qua t6t. Do vay, trong nghién
clru ndy, ching t6i st dung kién trac CT-TabGAN
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cho bai toan du doan kha nang thi hong ctua HS.

2. Noi dung nghién ctru

2.1 Mé hinh CT-TabGAN

Mang dbi khang tao sinh GAN (Generative
Adversarial Networks) 1a mot kién trc tri tué nhan
tao hoc sau, chuyén dung dé tao ra dit liéu moi, duoc
ung dung rong rai trong xu 1y hinh anh, video va am
thanh. Cau triic cia GAN bao gdm hai mang no-ron
hoat dong d6i khang nhau: Mang tao sinh (Generator)
tao ra dir liéu gia lap tir vec-to nhidu ngau nhién, va
Mang phéan biét (Discriminator) thuc hién chirc nang
phan biét gilra dir li¢u that va dir liéu gia. Tuy nhién,
GAN dugc thiét ké cho dit lidu c6 tinh lién tuc va
céu tric ludi nhu hinh anh. Do d6, khi 4p dung cho
dir liéu bang, chung gap nhleu thach thie 1on nhu
khong md hinh hoa dugc cau tric xac suat roi rac
va cac mbi quan hé phi tuyén giita cac kiéu tinh chat
hdn hop; dit liéu bang thudng c6 phan phdi da ché do
(multi-modal) va thwa, khién GAN thong thuong dé
roi vao hién twong collapse; thiéu tinh cuc bo khong
gian nén kho xac dinh cac mbi quan hé rang budc bac
cao giira cac thudc tinh.

Pé xtr Iy dugc dir lidu dang bang, mot bién thé
cua GAN la TGAN (Tabular Generative Adversarial
Networks) da duoc dé xuit. TGAN duogc tinh chinh
va thiét ké chuyén biét dé giai quyét cac dic thu cia
dir lidu dang bang bang cach hoc cach phan phdi xac
sudt dong thoi giita cac cot dir liéu lién tuc va phan
loai. Tuy nhién, cac kién tric TGAN truyén thong
van gap kho khan trong viée xur ly céc tap dir lidu c6
sw mat can bang 16p (class imbalance) tram trong va
chua t6i wu hoan toan trong viée duy tri mbi lién két
phuec tap gitia cac dac trung phan loai bac cao.

Nham tan dung dugc uu diém va khic phuc
duoc nhuge diém cua TGAN, Saad M. Darwish va
Noha A. El-Shoafy di dé xuit mé hinh CT-TabGAN
(Conditional-TabNet GAN) [4]. Pay la md hinh tao
sinh duoc xay dyng dya trén nén ting klen truc cua
TGAN tich hop TabNet nhim giai quyét triét dé
bai toan mat can bang 16p trén dit liéu dang bang.
TabNet 12 mot kién trtic hoc sau dugc thiét ké chuyén
biét cho dir liéu dang bang, tich hop cac co ché cha
¥ (attention mechanisms) cho phép mé hinh lya chon
nhitng déc trung phi hop nhét tai mdi budc ra quyét
dinh. Cai tién ciia CT-TabGAN bao gdm hai diém
chinh .

Thi nht, bo tao sinh tich hop TabNet (TabNet-
aware generator): CT-TabGAN tich hop mét 16p cau
triic dac trung nhan biét TabNet dé cac dic trung tao
ra dugc sip xép tuong thich véi co ché cua TabNet.
Cu thé, bd tao sinh bao gém mot mo-dun chuyén ddi
dic trung da nhanh md phong cac b chuyén doi dic
trung cua TabNet dé tao ra cic nhing trung gian,
phan anh cach TabNet phan ra thong tin qua cac budc
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ra quyét dinh. Sau d6, 16p chiéu tao d6 thwa tai to
hop cac nhiing trung gian nay thanh mau dit liéu tong
hop cudi ciing, ddng thoi thiic day viéc nhom cac dic
trung tuong tu nhu co ché mit na cua TabNet. Nho
sy tuong thich vé chu trac nay, dir liéu dugc tao ra
khong chi giit duoc cac tinh chit thong ké co ban cta
dir liéu gbc ma con mé phong duoc co ché lya chon
dac trung cua TabNet.

Thir hai, mé-dun 1dy miu c6 didu kién ning cao
ctia CT-TabGAN duogc thiét ké dé bao toan tt hon
cac mdi quan hé phuy thudc phirc tap giita bién phan
loai va bién lién tuc, dic biét 1a trong di li¢u dang
bang c¢6 sb chiéu 16n. CT-TabGAN st dung bo mi
hoéa didu kién phan cdp (hierarchical conditional
encoder) thay cho ma hoa one-hot. B6 ma hoa nay
s& chuyén dbi ting gia tri phan loai thinh mot nhiing
day dic (dense embedding) dwoc hoc tir phan phdi
ddng thoi (joint distribution) cta tap dit liéu. Cac
nhing nay sau do dugc dua qua mot mang hoc phu
thudc, 1a noi tao ra cac dac trung chéo béng co ché
chu ¥ (attention mechanisms) dé tao ra mét biéu dién
diéu kién theo ngit canh. Cudi cung, vec-to diéu kién
nang cao nay s& duoc dua vao nhidu tang khac nhau
ctia bo tao sinh thay vi chi ¢ tang dau vao, dam bao
rang ngit canh phén loai s& tac dong xuyén sudt den
ca giai doan dau va giai doan sau ciia qué trinh tong
hop déc trung.

2.2 Dir liéu thuce nghiém

B0 dir liéu dugce su dung trong bai bao nay la Kkét
qua thi mén Toan cta 395 HS va két qua thi mén
tiéng B6 Dao Nha cua 649 HS tai hai truong trung
hoc Gabriel Pereira va Mousinho da Silveira tai Bo
Pao Nha, gom 33 thudc tinh, voi G3 1a diém thi cudi
ky, nhu trong [1]. Piém sb G3 dwoc ma héa thanh
két qua «hong» néu bé hon 10, va “dat” néu nguoc
lai. Nhu vay, hai tap dir liéu Math va Portuguese mét
can bang, véi ty 1 hong: dat 1an luot 13 130:265 va
100:549.

2.3 Thuc nghiém dinh gid higu suit dw dodn
két qud hoc tdp cia hoc sinh

Qua trinh thyc nghiém dé danh gia hi¢u suét dy
doan két qua thi cia HS dugc ching t6i thyc hién nhu
sau: Dit liéu duge thuc hién kiém ching chéo 5-fold
(5-fold cross-validation). O mdi lan lap, mé hinh CT-
TabGAN sinh thém phan tir cho tap hudn luyén, huin
luyén tap huin luyén méi c6 tich hop phan tir méi
sinh va danh gia. Trung binh cong gia tri do do hi¢u
sut cta két qua phan 16p cho tap kiém tra trong 5
lan lap ndy chinh la két qua dé danh gia hiéu suét cua
mé hinh. O day, s6 lwong phan tir sinh thém dugc
chon sao cho két qua thu duge 1a tét nhit. Chung
toi str dung Python 3.7 véi cac thu vién TensorFlow,
PyTorch va Scikit-learn dé cai dat va thuc nghiém.

Ngoai ra, chung t6i thuc hién thém lya chon dac
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trung dua vao D9 loi thong tin (IG), chi git lai cac
thudc tinh c6 IG > 0 va so sanh két qua trong truong
hop c6 va khong co sir dung CT-TabGAN dé kiém
chig hi¢u qua cua mo hinh nay.

Dé danh gia hidu qua ciia qua trinh phéan 16p,
trong bai bao nay, cac do do Precision (P9 chinh
xéc), Recall (D6 hoi tuong), F1 va AUC-ROC dugc
sir dung thém cho d6 chinh xac toan thé (Accuracy)
nhu d6i v6i viée phéan 16p tap dit lidu can bang. Khi
phan 16p tap dir liéu khong can bang, chi sir dung d6
chinh xac toan thé khong thich hop dé xac dinh tinh
hiéu qua cua mé hinh phan 16p vi cac bg phan 16p
thong thuong s& cho ra do chinh x4c toan thé rt cao
do phan 16n cac phan tir déu dugc gan nhan 16p 1a
16p da s6 va rat hiém phan tir dwoc gan nhén 16p cua
16p thiéu sb.

2.4 Két qud thwe nghi¢m

Thuc nghiém trén hai tap dir licu Math va
Portuguese, bang cic phwong phap khic nhau:
Baseline, CT-TabGAN theo cac do do Precision,
Recall va F1 cho két qua nhu sau: D6i v6i mon Toan,
cac gia tri Precision, Recall, F1, Acuracy 1an luot cua
phuong phép Baseline 1a 73.39%, 60.77%, 65.75%,
79.75%; CT-TabGAN la 84.99%, 75.38%, 79.35%,
87.34%; V&i mon tiéng B Pao Nha, cac gia tri
Precision, Recall, F1, Acuracy lan luot cua phuong
phap Baseline 1a 74.04%, 62.00%, 66.96%, 90.60%;
CT-TabGAN la 73.67%, 72.00%, 72.41%, 91.68%.

Khi Iya chon déc trung su dung IG, thu dugc
12 thudc tinh co IG béng 0. Cac thudc tinh school,
sex, address, famsize, Pstatus, Mjob, Fjob, reason,
guardian, failures, schoolsup, famsup, paid, activities,
nursery, higher, internet, romantic, G1, G2 dugc giir lai
cho ca hai bg dir liéu Math va Portuguese. Thuc hién
du doan trén hai tap dir li¢u sau khi lya chon dic trung
bang hai mé hinh ¢6 va khong c6 sir dung CT-TabGAN,
thu duoc két qua: Pbi voi tap dit liéu Math, phuong
phap khong st dung CT-TabGAN la FS-Baseline,
cac gia tri Precision, Recall, F1, Acuracy lan luot 1a:
75.61%, 57.69%, 65.08%, 80.00%; phuong phap su
dung CT-TabGAN la FS-CT-TabGAN, c6 két qua dbi
v6i cac chi s6 danh gia lan luot 1a: 77.83%, 69.23%,
73.10%, 83.29%. Doi voi tap dir liéu Portuguese, cac
gia tri Precision, Recall, F1, Acuracy cho hai phuong
phap FS-Baseline va FS-CT-TabGAN tuong ng lan
luot 70.53%, 68.00%, 68.13%, 90.13%; va 72.30%,
72.00%, 71.38%, 91.36%.

Nhu vay, két qua khi ap dung mé hinh CT-
TabGAN cho cac tap dir liéu déu co sy cai tién. Dbi
voi tdp Math, gia tri Precision ting 11.59%, Recall
tang 14.61%, F1 tang 13.61%, Accuracy tang 7.6%
khi chua &p dung lya chon ddc trung; truong hop cod
ap dung Iya chon dac trung, Precision tang 2.2%,
Recall ting 11.54%, F1 ting 8%. Twong tu, d6i véi

Journal of educational equipment (June 2026) Issue 356 (2) €¢ Journal homepage: https:/tapchithietbigiaoduc.vn

ISSN 1859 - 0810

tap dit li€u Portuguese, khi chua ap dung lya chon
dac trung, Recall taing 10%, F1 tang 5.4%, Accuracy
tang 1.07%; Kkét hop voi lya chon dac trung, Kkét qua
c6 su thay ddi nhu sau: Precision tang 1.76%, Recall
tang 4%, F1 tang 3.24%, Accuracy tang 1.23%. biéu
nay cho thay kha ning khong bo sot cac truong hop
hoc sinh can dugc tu vin ddi véi mon Toan va tiéng
B6 Pao Nha ¢ su cai thién dang ké so véi viéc
khong stt dung CT-TabGAN.

Bén canh do, gia tri AUC-ROC khi ap dung CT-
TabGAN cho tép dir liéu Math tang tur 0.847 lén
0.948 truong hop khong ap dung lya chon déac trung
va tir 0.886 1én 0.925 truong hop co6 lua chon dic
trung. D61 voi tap dir liéu Portuguese, cac do ting
nay tuong ung la to 0.927 Ién 0.937 va 0.925 1én
0.933. Céc gia tri AUC-ROC sau khi &p dung CT-
TabGAN déu 16n hon 0.9, cho thdy mé hinh ¢6 hiéu
sudt xudt sic. Két qua nay mot lan nita khang dinh
kha nang dy doan hi¢u qué ctia mo hinh.

3. Két luan

Trong bai bao nay, chung toi da trinh bay phuong
phap du doan két qua thi cudi ky cho HS, sir dung
mo hinh CT-TabGAN dé sinh thém phan tir, xtr 1y
van dé mat can béng dt liéu. Thyc nghiém trén hai
tap dir liéu mau thuong duge st dung dé du doan két
qua mon Toan va mon tiéng B Pao Nha duoc thuc
hién va so sanh voi Tabnet co ban, trudong hop cd va
khong ¢ lya chon dic trung. Két qua thuc nghiém
dd cho thdy mo hinh CT-TabGAN c¢6 hiéu qua tét
dua trén cac gia tri d0 do danh gia hi¢u suét, lam
tang kha niang du doan két qua thi hong cho HS ddi
v6i hai mon Toan va tiéng Bd Pao Nha. Tuy nhién,
két qua nay van con han ché do kich thudc cua tap
dir lidu dung cho thuc nghiém chua ddy du cho tat
ca cac mon hoc, sd lugng mau ciing nhu ti 16 mat
can bang gitra cac 16p van chua 16n. Cac nghién ctru
trong twong lai c6 thé phat trién theo hudng ap dung
cho cac tap dir liéu c6 sb lugng mau 16n hon, ti 18 mét
can bang cao hon va cho cac mén hoc khac dé ting
tinh toan dién cho nghién cuu.
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