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Tém tit: Bai viét so sanh hiéu qua ciia bon mé hinh gom héi quy tuyén tinh bgi, hoi quy da thire bdc hai,
Random Forest va XGBoost trong dir bdo diém thi két thiic hoc phan dwa trén cdc diém qud trinh OT]I,
OT?2 va QT3 ciia hoc phan Xdac sudt thong ké. Dir liéu nghién civu gom 585 quan sdt hop 1é ciia sinh vién
khoa D25 tai Truong Pai hoc Thu Dau Mét, nam hoc 2025-2026. Hiéu qua du bao dwoc danh gia bdng
phirong phdp 10-fold cross-validation théng qua cdc chi so . Két qua cho thdy hoi quy tuyén tinh béi dat
hiéu qua tot nhat véi va , nhung mire chénh 1éch so voi hoi quy da thike bdc hai la nhé. Cac mé hinh hoc
mdy phi tuyén chwea cho thdy wu thé ré rét. QT3 la bién ¢6 vai tré dw bdo quan trong nhat, trong khi gid
tri con thdp cho thdy can b6 sung thém bién dau vao dé cdi thién mé hinh.

T khéa: dw bao diém thi, hoi quy tuyén tinh boi, hoi quy da thiec bdac hai, Random Forest, XGBoost,
Python.

Abstract: This study compares the predictive performance of four models: multiple linear regression,
second-degree polynomial regression, Random Forest, and XGBoost, in predicting final course examination
scores based on the continuous assessment scoves QT1, QT2, and QT3 in the Probability and Statistics
course. The research dataset consists of 585 valid observations from D25 cohort students at Thu Dau Mot
University in the 2025-2026 academic year. Predictive performance was evaluated using 10-fold cross-
validation through the metrics , and . The results show that multiple linear regression achieved the best
performance, with and ; however, the difference compared with second-degree polynomial regression was
small. The nonlinear machine learning models did not show a clear advantage. QT3 was identified as the
most important predictive variable, while the relatively low value suggests that additional input variables
should be incorporated to improve the model.

Keywords: exam score prediction, multiple linear regression, quadratic regression, Random Forest, XG-

Boost, Python.

1. Dt van dé

Trong dao tao dai hoc, diém thi két thuc hoc phan
1a mét chi bao quan trong phan anh mirc d6 dat chuén
dAu ra cua sinh vién. D6i v6i hoc phan Xéc suét théng
ké, két qua hoc tap dugc hinh thanh tir cac diém qua
trinh 1 (QT1), qua trinh 2 (QT2), qua trinh 3 (QT3) va
diém thi két thiic hoc phan (KTHP). Vi vay, viéc phan
tich mbi quan hé giita dlem qué trinh va diém thi cudi
ky c6 ¥ nghia trong tu van hoc tap, canh bao som va
cai thién hoat dong danh gia.

Trong nhitng ndm gan day, cac mo hinh hdi quy va
hoc méy dugc sir dung ngay cang phd bién trong phan
tich dir liéu gido duc. Tuy nhién, md hinh phirc tap
khong phai lac nao cling cho két qua t6t hon, nhét 1a
khi s6 lwong bién ddu vao con han che Do d6, nghién
clru nay so sanh bén mo hinh gdm hdi quy tuyén
tinh boi, hdi quy da thirc bac hai, Random Forest va
XGBoost trong du bao diém thi KTHP tir ba bién
QT1, QT2 va QT3.
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2. Téng quan tinh hinh nghién ctru

Céc nghién ctru trong nudc vé du bao két qua hoc
tap cua sinh vién da str dung nhiéu phuorng phap khac
nhau, tir cdc md hinh thong ké truyén thong dén cac
mo hinh hoc may. Mot s6 nghién ciru sur dyung hoi quy
tuyen tinh boi nham phan tich cac yéu to anh huong
dén két qua hoc tap cua sinh vién (Nguyén Anh Dic
et al., 2025; Nguyén Thi Quy, 2024). Bén canh do,
cac mo hinh hoc may nhu Random Forest, XGBoost,
CatBoost, SVM va mang no-ron cling da duoc ap
dung trong cac bai toan dy bao t6t nghiép ding han,
xép loai tot nghiép hodc nguy co bo hoc ciia sinh vién
(Nguyén Vian Thiy, 2023; Nguyén Minh Vi va Lé Thi
Minh Nguyét, 2025; Nong Thi Hoa, 2025). O binh
dién qudc té, mot sb nghién ciru gan day cung da so
sanh hi¢u qua ctiia cac mo hinh hoi quy truyen thong va
mo hinh hoc may trong du bao két qua hoc tap. Chang
han, cac nghién ctru cua Cornell-Farrow va Garrard
(2020), Sayed et al. (2025) cho thdy cic mé hinh hoc
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may khong phai lic nao ciing cai thién 10 rét hiéu qua
du béo so v6i cac md hinh thdng ké truyén théng, dic
biét trong trudng hop dit lidu dau vao chua phan anh
day du cac yéu t6 anh huong dén két qua hoc tap.

Tuy nhién, phan 16n cac nghién ctru hign co tap
trung vao cac bai toan phan loai, chéng han nhu du
béo tot nghiép ding han, nguy co bo hoc, canh bao
hoc vu hodc xép loai tot nghiép. Trong khi do, cac
nghién ciru du bao truc tiép diém thi két thic hoc phan
dua trén diém qua trinh ciia cing mét hoc phan van
con twong déi han ché. Pic biét, chwa co nhiéu nghién
ctru so sanh dong thoi hiéu qua cua hdi quy tuyén
tinh boi, hdi quy da thic bac hai, Random Forest va
XGBoost trén dit liéu diém qua trinh ciia hoc phén
Xac suit thong ké. Ngoai ra, hdi quy da thtc béc hai
cing chua duge khai thac nhiéu nhu moét md hinh
trung gian gitra héi quy tuyén tinh va cac mé hinh hoc
may phi tuyén. Vi vy, nghién ctru ndy bd sung thém
bang chimg thuc nghiém & cip hoc phin, dong thoi
lam 16 liéu cac mo hinh hoc may phuc tap cé thuc su
cai thién hidu qua du béo so véi cac mé hinh hdi quy
truyén thong hay khong.

3. Dir liéu va phwong phap nghién ctru

3.1. Dir liéu nghién ciru ‘

Dir liéu nghién ctru 14 bang diém hoc phin Xac
sut théng ké cua sinh vién khoa D25, Truong Dai
hoc Tha Dau Mét, ndm hoc 2025-2026. Sau khi loai
b6 cac trudng hop ving thi hodc cim thi, bo dit lidu
con 585 quan sat hop 1. Bién doc 1ap duoc sir dung
la X=(Xl, ,» Xytrong do X =QTTI la diém danh gia
qua trinh 1 QT2 la dlem danh gia qua trinh 2 va
X,=QT3 1a d1em danh gia qua trinh 3. Bién phu thudc
ctia bai toan y=KTHP 1a diém thi két thuc hoc phan.

3.2. Cac mo hinh dwoc so sanh: Nghién ciru so
sanh bén mo hinh dy bao: hdi quy tuyén tinh boi, hoi
quy da thtrc bac hai, Random Forest va XGBoost.

3.2.1. M6 hinh hoi quy tuyén tinh béi (Linear
Regression)

Hbi quy tuyén tinh bdi 13 mo6 hinh hdi quy tuyén
tinh da bién, véi gia dinh rang diém két thuc hoc phan
¢6 thé duoc biéu dién xAp xi dudi dang t6 hop tuyén
tinh cua X, X, va X,

§= ﬂ0+ﬁ X +,62X +h X,

Trong do B, B, B, [33 € R la cac hé s6 hoi quy.

3.2.2. Mé hinh hoi quy da thirc (Polynomial
Regression)

Mo hinh hdi quy da thie bac 2 duogc xet

V=P, +p X+ X, +p X, +p,X +ﬂ

ﬂ6X§+/’)7X1X2+ﬂ8X1X3+ﬁ9X2 3

Mo hinh nay cho phép kiém tra xem mdi quan
h¢ giita diém qua trinh va diém KTHP c6 yéu t6 phi
tuyén hoic tuong tac dang ké hay khong.

3.2.3. M6 hinh Random Forest

Trong nghién ctru nay, mo hinh Random Forest
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duoc xét nham kiém tra liéu cac quan hé phi tuyén
va tuong tac gitta X, X, va X, c6 giup cai thién chit
luong du bao diém KTHP hay khong

3.2.4. M6 hinh XGBoost

Trong nghién citu nay, mé hinh XGBoost dugc
dura vao dé so sanh voi mo hinh rimg Random Forest,
md hinh héi quy tuyén tinh bdi va mé hinh hdi quy da
thirc bac hai nham danh gia kha nang cai thién dy bao
ctia mot md hinh boosting phi tuyén.

3.3. Quy trinh hudn luyén va danh gid mé hinh

Cac md hinh du bao dugc huin luyén va danh gia
bang ngdn ngit 1ap trinh Python.

Nghién ctru tién hanh huén luyén va so sanh bdn
mo hinh gdm hdi quy tuyén tinh boi, hdi quy da thirc
bac hai, Random Forest va XGBoost. Trong do, cac
md hinh hdi quy tuyén tinh bdi, hdi quy da thirc bac
hai va Random Forest dugc xiy dung bang thu vién
scikit-learn, con mé hinh XGBoost dugc xdy dung
bang thu vién xgboost. Pbi véi mo hinh hdi quy da
thie bac hai, cac dac trung bac hai va tuong tac gitta
céc bién dau vao duoc tao ra trude khi hun luyén mo
hinh hi quy tuyén tinh.

Dé danh gia hiéu qua du bao, nghién clru sir dung
phuong phap 10-fold cross-validation. 3 chi s6 duoc str
dung dé so sanh hiéu qua du béo ciia cac md hinh gdm
CV-MAE, CV-RMSE va CV-R?, 1an luot 14 gia trj trung
binh cia MAE, RMSE va R2 qua 10 1an lap. Trong do,
CV-MAE va CV-RMSE cang nh6 cho thdy sai s6 du
bao cang thip, con CV-R? cang 16n cho thiy kha ning
giai thich bién thién cua diém KTHP cang t6t.

4. Két qua va thio luin

4.1. Két qud

4.1.1. Két qua so sanh cdc mé hinh

Bang két qua sau trinh bay két qua danh gia bon
md hinh trén tap kiém tra va théng qua phuong phép
10-fold cross-validation. Cac mé hinh dugc sip xép
theo CV-RMSE tang dan, tirc mé hinh ¢6 sai sé du bao
trung binh thip hon dugc xép trude.

Bang 1. Bang so sanh hiéu qua du bao ciia cac mé hinh theo
phuong phap 10-fold cross-validation

M5 hinh CV-MAE | CV-RMSE | CV-R?

Hbi quy tuyén tinh boi | 1.3064 1.6932 0.3173
Hbi quy da thire bic 2 1.3263 1.7261 0.2867
Random Forest 1.3204 1.7317 0.2848
XGBoost 1.3896 1.8343 0.1841

Nguon: Tdc gid, nim 2026

Két qua cho thiy mo hinh héi quy tuyén tinh boi
dat CV-RMSE thap nhat, dong thoi c6 CV-R? cao
nhét. Theo tiéu chi cross-validation, dy 1a mo hinh c6
hiéu qua dy bao tét nhit trong bén mé hinh dwoc khao
sat. Tuy nhién, mirc chénh léch gitra cac mé hinh hoi
quy tuyén tinh boi, hdi quy da thirc bac hai va Random
Forest la kha nho. Piéu nay cho thady mic di mo hinh
hoi quy tuyén tinh boi dimg dau vé mit s lidu, mirc
cdi thién ciia mo hinh nay so vdi cac mo hinh con lai
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1a khong dang ké.

4.1.2. Cong thire hoi quy tuyén tinh

Khi huan luyén trén toan bd dit li¢u, md hinh hoi
quy tuyén tinh boi thu duge c6 dang xap xi:

¥=0.0336+ 0.2765X |+ 0.0986X ,+ 0.4871X ;.( 1)

Tir md hinh trén, X, ¢6 hé s hdi quy 16n nhat, tiép
theo la X, va X,

4.1.3. Mu’c do quan trong cua bién trong cdc mo
hinh hoc may

Déi voi cac md hinh dua trén cay quyét dinh, muc
dd quan trong ctia bién dugc st dung dé danh gia bién
nao dong goép nhiéu hon vao qua trinh du bao.
Bang 2. Murc do quan trong cua bién trong Random Forest va

XGBoost
Bién Random Forest XGBoost
X, 0.5976 0.5298
X, 0.2583 0.2666
X, 0.1441 0.2036

Neuon: Téc gia, nam 2026

Ca mo hinh Random Forest va XGBoost déu cho
thay X, la blen c6 muc do quan trong cao nhat. Két
qua nay ctng c6 nhan dinh rang X3 1a bién dau vao co
vai tro dy bao manh nhét d6i véi diém trong bo dit
liéu nghién ctru.

4.2. Thdo lugn

Két qua thyc nghiém trén cho thay cac mé hinh
hoc may chua vuot trgi so voi cac mo hinh con lai.
Diéu nay c6 thé giai boi viée dit liéu dau vao chi gdm
ba bién QT1, QT2 va QT3, do d6 kha nang khai thac
cac quan h¢ phtre tap cia Random Forest va XGBoost
c6 thé bi han ché.

Mdi quan hé giita cac diém qua trinh QT1, QT2,
QT3 va diém KTHP trong bo dit liéu nay c6 thé chu
yéu mang tinh tuyén tinh, thé hién qua viéc hiéu qua
md hinh tuyén tinh bdi va hdi quy da thirc bac hai
chénh léch khong nhiéu.

Gié tri CV-R? cta cic mo hinh tbt nhét trong cac
mo hinh trén chi 1a 0.3173. Noi cach khac, con mot
phan 16n bién thién cta diém thi KTHP chua dugc
giai thich boi ba bién QT1, QT2 va QT3. Céc yéu to
khac nhu thai do hoc tap, thoi gian 6n tap, mirc do kho
ctia dé thi, diéu kién hoc tap, giang vién, 16p hoc hoac
khoang cach gitra thoi diém két thuc hoc phan va thoi
diém thi c6 thé anh hudng dén két qua KTHP.

5. Két luan

Nghién ciru d so sanh bén mo hinh dy béo diém
thi két thuc hoc phan duya trén ba diém qué trinh QT1,
QT2 va QT3 cua hoc phan Xéc suit thong ké. Két qua
cho thiy hdi quy tuyén tinh bdi dat hidu qua tot nhat
theo 10-fold cross-validation, nhung muc chénh léch
so v6i hdi quy da thirc bac hai va Random Forest 1a
khong 16n.

Tir két qua thuc nghiém, c6 thé rat ra hai két luan
chinh:

Thir nhat, diém QT1, QT2 va QT3 ¢6 kha ning dy
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bao nhét dinh déi véi diém KTHP, nhung muc d6 giai
thich con han ché, chi s CV-R? t6t nhat trong bén mo
hinh chi dat 0.3173.

Tht hai, QT3 1a bién ¢6 vai trd du bao quan trong
nhit. Diu nay duoc thé hién nhat quan qua hé sé hdi
quy cua X, trong phuong trinh (1) 1a lon nhit, ciing
nhu muc do quan trong cua bién X, 1a cao nhét trong
hai mo6 hinh Random Forest va XGBoost (Bang 2).

Hudng nghién ciru tiép theo 1a mé rong bo bién
dau vao bang cach bd sung cac yéu té nhu s 1an ving
hoc, thoi gian 6n tap, nhom hoc, giang vién, do kho dé
thi hodc khoang cach thoi gian giita két thuc hoc phan
va ky thi, ... nhdm cai thién chi s6 CV-R?> Ngoai ra,
¢6 thé mé rong nghién ciru trén nhidu hoc phan khac
nhau dé kiém tra tinh 6n dinh va kha ning khai quét
hoa ctia cac mo hinh du bao.
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