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Tém tit: Nghién civu ndy iing dung cdc kj thudt khai pha div liéu gido duc bang ngén

ngit R nham xdy dwng va danh gia mé hinh di dodn két qua hoc tdp. Ba mé hinh - Linear

Regression, Random Forest va SVM - dwoc trién khai trén tdp diF liéu chudan héa gom 2.392
hoc sinh véi 8 bién dau vao. Linear Regression cho két qua tot nhdt (R* = 0,9537; RMSE =
0,0494), vieot tréi so véi SVM va Random Forest. Phan tich hoi quy cho thdy hé tro tir phu
huynh (B = 0,102), thoi gian hoc (B = 0,14) va ving mdt (B = -0,72) la cdc yéu té anh huwéng
manh dén GPA. Két qua gop phan xdy dung khung phan tich toan dién bang R va cung cap

co so dir lieu thuc nghiém cho cdc chién luoc can thiép gido duc hiéu qua.

Tir khéa: khai phd dit liéu gido duc, hoc mdy trong R, dw dodn két qua hoc tdp, so sanh mé hinh

dir dodn, phan tich yéu t6 hoc tdp, Linear Regression, SVM, Random Forest

I. Gi6i thi¢u

Trong ky nguyén chuyén doi sd, dir
lidu hoc tap trd thanh tai nguyén chién
luoge, hd tro phat hién mau hoc tap, du
doan két qua va t6i uu hoa can thiép gido
duc (Baker & Siemens, 2014). Cac linh
vuc Khai pha Dt liéu Gido duc (EDM)
va Phan tich Hoc tap (LA) ngay cang phat
trién, gop phan cai thién thanh tich hoc tap
toan cau (OECD, 2023).

R 1a ngdn ngtr 1ap trinh manh trong
phan tich dit liéu v6i hon 18.000 goi hd

' Truong Pai hoc M Ha Noi

2 Truong Pai hoc Cong nghé, Pai hoc Qubc gia Ha Noi

trg (Wickham & Grolemund, 2017), song
ung dung trong gido duc tai Viét Nam con
han ché.

Nghién clru nay c¢6 ba muc ti€u chinh:

1. Panh gia hiéu suat ciia ba md
hinh hoc may (Linear Regression, SVM,
Random Forest) trong viéc du doan GPA
tir cac yéu t6 hanh vi va xa hoi.

2. Phéan tich mirc d§ anh huodng cta
cac yéu td nay dén két qua hoc tap.

3. Xay dung khung phuong phap
luan toan di¢n st dung R cho phan tich



dir lidu giao duc, tir tién xir Iy dén md
hinh hoa.

Két qua nghién ctru s& dong gop vao
su phat trién ciia EDM va cung cap co s&
thuc nghiém cho cac chién luoc gido duc
dua trén dir liéu.

II. Co s6 1y thuyét va tong quan
nghién ciru

2.1. Nén ting Iy thuyét khai phd di
liéu gido duc

Khai pha dir li¢u gido duc (EDM) va
phan tich hoc tap (LA) 1a hai linh vuc lién
nganh két hop khoa hoc may tinh, théng
ké va gido duc. EDM tap trung kham pha
tri thirc tur dit liéu, trong khi LA uvu tién cai
thién moi truong hoc tap thong qua phan
tich (Siemens & Baker, 2012). Ca hai déu
hudng dén nang cao hiéu qua giao duc.

Theo Baker (2010), EDM gdm nim
hudng chinh, trong d6 nghién ctru nay tap
trung vao du doan két qua hoc tap dua trén
hanh vi va dic diém hoc sinh - giup canh
bé&o sém va ca nhan hoa hoc tap.

R 1a cong cu ly tuéng cho EDM
nho hé sinh thai phong phu (tidyverse,
ggplot2, caret), hd tro phan tich thong ké
sau va kha nang md¢ rong, tich hop linh
hoat voi hé théng dir liéu 16n.

2.2. Tong quan nghién cvvu lién quan

Trong nhitng nim qua, nhiéu nghién
ctru da chirng minh hi€u qua cta hoc may
trong dy doan két qua hoc tap. Romero va
Ventura (2020) tong hop 222 cong trinh
(2010 - 2018), cho thiy cac thuat toan nhu
Decision Tree, Neural Network va Rule-
based dugc ing dung rong rai. Wiyono
va cong su (2019) so sanh KNN, SVM va
Decision Tree, trong d6 SVM dat d6 chinh
xéc cao nhit (95%), nhin manh vai trd ctia
lya chon déc trung.

77

Sheth va cong su (2022) cho thiy
hiéu suat thuat toan thay doi theo ting tap
dir liéu, voi SVM vuot trdi khi dir ligu co
nhiéu dic trung. Ng va cong su (2022)
khang dinh SVM cho hiéu suat t6t nhat
(91%) khi st dung lich str diém s6. Al-
Samarraie va cong sy (2019) nhin manh
mo hinh t6 hop va k¥ thuat chon dic trung
gitp nang cao dg chinh xac.

Tai Viét Nam, Nguyén va cong su
(2019) dung hdi quy da bién va Probit dé
phan tich cac yéu t6 anh huong dén két
qua hoc tap, nhung chua di sau vao danh
gi4 hiéu sut mé hinh.

Mic du c6 nhiéu dong gop, van con
khoang trong trong viéc ap dung cu thé
ngdn ngit R va so sanh mo hinh trong bdi
canh giao duc Viét Nam. Nghién ctru nay
nham thu hep khoang tréng d6 bang cach
trién khai va danh gia ba mé hinh hoc may
trén bo dit liéu chuan héa.

I11. Phwong phap nghién ciru

3.1. M6 hinh div liéu va thiét ké
nghién cuu

Nghién ctu nay ap dung phuong
phép luan dinh lugng dua trén quy trinh
chuan cua khoa hoc dit liéu, bao gém nam
giai doan chinh: (1) thu thap va tién xir
1y dir liéu, (2) kham pha va phan tich dir
li¢u, (3) Iya chon dac trung, (4) xay dung
va huan luyén mo hinh, va (5) dénh gia
va giai thich két qua. Thiét ké nghién ctru
tuan theo mo6 hinh thir nghiém véi phan
chia tap dit liéu thanh tip huin luyén
(80%) va tap kiém thir (20%) dé danh
gi4 hiéu sut du doan ngoai mau (out-of-
sample prediction performance).

3.2. Bj dit ligu va tién xie ly

Trong qué trinh nghién ctru, nhom
da tim kiém cac bo dir lidu gido duc tai
Viét Nam nhung gip han ché do quy
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dinh bao mat thong tin ca nhan. Do do,
nhom lua chon Students Performance
Dataset tir nén tang Kaggle - bo dir liéu
chét lugng cao véi 2.392 miu, da duoc
st dung rong rai trong nghién ctru hoc
may trong gido duc.

Quy trinh tién xur 1y dit liéu duoc
thuc hién béng thu vién tidyverse trong R,
gdm cac budc:

1. Xir 1y gia tri thiéu: Loai bo cac
mau c¢6 hon 20% gia tri thiéu; cac truong
hop con lai dugce gan gia tri bang phuong
phap k-nearest neighbors (k=5).

2. Chuan hoéa dir liéu: Ap dung
Min-Max scaling cho céc bién lién tuc

dé dua vé khoang [0,1], hd trg hiéu suét
md hinh.

3. Chuyén d6i bién phan loai:
Chuyén thanh dang factor dé phu hop véi
phéan tich va mo hinh hoa.

4. Xir Iy ngoai 1&: Dung IQR dé loai
bo gid tri ngoai khoang [Q1 - 1,5%IQR,
Q3 + 1,5xIQR].

5. Phan chia dir li¢u: Chia theo ty 1€
80 - 20 cho tap huan luyén va kiém thir,
v6i stratified sampling dam bao phéan phdi
bién muc tiéu (GPA) dong déu.

8 bién dy doan chinh dugc giit lai
cho m6 hinh, bao gom:

Badng 1. Ddc trung ciia cdc bién trong mé hinh dw dodn

Bién MO ta Loai bién Pham vi gia tri

StudyTimeWeekly | Thoi gian ty hoc hang tuan (gio) |Lién tuc 0-30

Absences S6 ngay vang mat Roi rac 0-20

ParentalSupport Mirc d6 hd tro tir phy huynh Thir bac 0-4 (0: Khong, 4: Rat cao)
Tutoring Tham gia hoc thém Nhi phan |0 (Khoéng), 1 (Co)
Extracurricular Tham gia hoat dong ngoai khoa |Nhi phan |0 (Khong), 1 (Co)

Sports Tham gia thé thao Nhi phan |0 (Khoéng), 1 (Co)

Music Tham gia 4m nhac Nhi phan |0 (Khong), 1 (Co)
Volunteering Tham gia tinh nguyén Nhi phan |0 (Khong), 1 (Co)

Bién muyc tiéu 13 GPA (Grade Point
Average), dai di¢n cho diém trung binh
hoc tap, véi pham vi gia tri tu 0 dén 4.0.

3.3. Mé hinh hoc mdy va tham sé héa

Trong pham vi ctia nghién ctu,
nhém trién khai ba mé hinh hoc may voi
cac dac diém ky thudt nhu sau:

3.3.1. Linear Regression (LR)

Mo hinh hdi quy tuyén tinh dwoc
trién khai sir dung ham Im() trong R v&i
cong thirc:

GPA = fo + f1xStudyTime Weekly +
P2XAbsences + [3xParentalSupport
+ faxTutoring + PsxExtracurricular
+ fsxSports + frxMusic +
Ps*xVolunteering + ¢

Trong d6 Po,...,ps 12 cac hé sb hoi
quy can udc luong, va € 1a thanh phan sai
s6. Phuong phap udc lwong binh phuong
nho nhit (Ordinary Least Squares - OLS)
duogc st dung dé xac dinh cac hé sé tdi wu.

3.3.2. Support Vector Machine (SVM)

M6 hinh SVM véi kernel RBF
(Radial Basis Function) dugc trién khai sir
dung thu vién ‘e1071’ trong R. Cong thuc
toan hoc cia SVM véi ham kernel RBEF:

J9) = S oK (x;,X) + b

Trong d6 K (x;, x) = exp(-y|[xi - X|[)
1a ham kernel RBF, o; va o 1a cac h¢ sb
Lagrange, va b 13 hang so.

Tham sb cua md hinh duge toi
uu hoa thong qua grid search véi cross-
validation 5-fold:



e Cost (C): [0.1, 1, 10, 100]
e Gamma (y): [0.01, 0.1, 1, 10]
3.3.3. Random Forest (RF)

M$ hinh Random Forest dugc trién
khai st dung thu vién ‘randomForest’
trong R. M hinh nay tao ra m ciy quyét
dinh va két hop du doan cua ching:

1
f6) = —> fi)

Trong do f(x) la dy doan cua cay thu i.

Tham sb ctia mo hinh duge tdi
uvu hoa thong qua grid search véi cross-
validation 5-fold:

« S6 lugng cay (ntree): [100, 500,
1000]

e S luong bién dugc xem xét tai
moi phan tach (mtry): [2, 4, 6, §]

e Kich thuéc nut 13 tdi thiéu (min.
node.size): [1, 3, 5]

3.4. Ddnh gid hiéu sudt mé hinh

Hiéu suét du doan cta cidc mo hinh
dugc danh gia thong qua ba chi so chinh:

1. Root Mean Squared Error (RMSE):

2. Mean Absolute Error (MAE):
MAE = lyi— il
n
3. Coefficient of Determination (R?):
Li-9)*
R?=1- ===
Li-y)?
Trong do6:
« n 13 56 luong mau trong tap kiém thir
eyi 1a gia tri thuc t& cia GPA cho
mau thir i
« ¥i la gia tri du doan cua GPA cho
mau thir i
ey la gid tri trung binh cua GPA
trong tap kiém thir
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Ngoai ra, thoi gian hudn luyén ciing
dugc ghi nhan dé danh gia hiéu qua tinh
toan cia mdi mo hinh. Tat ca cac danh gia
duoc thyc hién trén tap kiém thur (20% dix
lidu) dé dam bao danh gia khach quan vé
kha ning téng quat hoa cia mé hinh.

3.5. Trién khai trong R

Nghién ctru st dung R phién ban
4.1.0 va cac thu vién chinh sau:

e ‘tidyverse’ (v1.3.1) cho xu ly va
truc quan hoa dir li¢u

e ‘caret’ (v6.0-90) cho huin luyén
va danh gia moé hinh

e ‘¢1071°(v1.7-9) cho m6 hinh SVM

e ‘randomForest’ (v4.6-14) cho mo
hinh Random Forest

e ‘ggplot2’ (v3.3.5) cho truyc quan
hoa két qua

e ‘corrplot’ (v0.90) cho phan tich
tuong quan

Mi ngudn day di cia nghién ctru
dugc luu trit va c6 thé truy cap cong khai
dé dam bao kha nang tai tao lai két qua.

IV. Két qua va thio luin

4.1. Phan tich - kham pha dir liéu

Qua trinh phéan tich kham pha dir liéu
(EDA) da cung cap nhiing hiéu biét quan
trong vé dic diém cta bo dir liéu va mbi
quan hé giita cac bién. Phan phdi ctia bién
muc tiéu GPA gin véi phan phdi chuin
v6i gia tri trung binh 1,91 (SD=1,07), phu
hop v6i mé hinh thdng ké.

Phan tich twong quan Pearson gitra
cac bién dau vao va GPA (Bang 2) cho
thdy mdi quan hé giita cac bién va két qua
hoc tap:
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Bdng 2. Hé s6 tiwong quan Pearson gitta cdc bién dir dodn va GPA

Bién He so twong quan Gia tri p
StudyTimeWeekly 0,14 <0,001
Absences -0,72 <0,001
ParentalSupport 0,102 <0,001
Tutoring 0,06 <0,001
Extracurricular 0,05 <0,001
Sports 0,05 <0,001
Music 0,03 <0,001
Volunteering -0,001 <0,001

Cac bién StudyTimeWeekly,
Absences va ParentalSupport c6 tuong
quan manh nhat véi GPA, phan anh tim
quan trong cua thoi gian hoc tap, su déu
din trong viéc tham gia 16p hoc, va hd trg
tir gia dinh trong két qua hoc tap.

Phan tich phuong sai da chiéu
(MANOVA) ciing xac nhdn ring c6
su khac biét c6 y nghia thong ké trong
GPA gilta cac nhém hoc sinh véi céac

muc d§ khac nhau cua ParentalSupport
(F(4, 2386) = 23,22, p < 0,001) va gitra
nhom tham gia va khong tham gia Tutoring
(F(1, 2386) = 53,32, p < 0,001).

4.2. Két qud hudn luyén va dinh
gid mo hinh

Sau khi trién khai thir nghiém trén
3 mo hinh Linear Regression, SVM va
Random Forest, két qua danh gia hiéu suat
trén tap kiém thir thu duoc nhu sau:

Bang 3. So sanh hiéu suat cua cac mo hinh hoc may

Mo hinh RMSE R? MAE Thoi gian huin luyén (gidy)
Linear Regression 0,0494 0,9537 0,0397 0,55
SVM (RBF Kernel) 0,0548 0,9455 0,0432 39,66
Random Forest 0,0586 0,9385 0,0462 4,81

Két qua cho thiy Linear Regression
dat hiéu suit du doan cao nhét voi R? =
0,9537, RMSE =0,0494 va MAE = 0,0397,
giai thich 95,37% phuong sai dir licu GPA
v6i sai s6 du doan thap. SVM va Random
Forest ciing dat hiéu suat tot nhung thap
hon Linear Regression. Pac bi¢t, Linear
Regression c6 thoi gian huan luyén ngin
nhit (0,55 gidy), nhanh hon déng ké so
véi SVM (39,66 giay) va Random Forest
(4,81 gidy), diéu nay quan trong trong cac
{mg dung thuc té, dic biét khi cAn cap nhat
md hinh thudng xuyén hodc trién khai trén
thiét bi co nguén luc tinh toan han ché.

4.3. So sanh va phdn tich mé hinh
4.3.1. Bo chinh xac dw doan

Linear Regression dat do chinh xac
cao nhat trong nghién ctru, phan anh mdi

quan hé tuyén tinh rd rang giira cac dic
trung dau vao va GPA, nhu duoc xac nhan
qua phén tich tuong quan. Két qua nay phu
hop véi cac nghién ctiru trude (Wilson &
cong s, 2016), cho thiy md hinh tuyén tinh
hi¢u qué khi dit li¢u khong qua phiic tap.

SVM (RBF kernel) xép thir hai,
cho thdy kha ning xtr 1y mdi quan hé
phi tuyén. Tuy nhién, su cai thién so voi
Linear Regression khong dang ké, cho
thdy yéu t6 phi tuyén khong chiém wu thé
trong bo dir li¢u.

Random Forest ¢4 hiéu suit thép nhét,
dii c6 kha ning khai thac cac moi quan hé
phirc tap. Nguyén nhén c6 thé do kich thude
mau twong d6i nhé (n = 2.392), chua di1 16n
dé mo hinh phét huy hiéu qua t6i da.



4.3.2. Kha nang dién giai

Linear Regression ndi bat vé kha
ning dién giai, voi hé s6 hoi quy thé hién
& mirc do va chidu hudng anh huong cua
tung dac trung. Vi dy, h¢ sb f=0,14 cua
Study TimeWeekly cho thdy mdi gid hoc
thém giup ting 0,14 diém GPA, khi cac
bién khéc khong doi.

Random Forest cung cép feature
importance giup xac dinh cac yéu tb
quan trong nhat trong du doan, nhung
khong cho biét chiéu hudéng anh huong.
Trong nghién ctru, m6 hinh xac dinh
ParentalSupport, StudyTimeWeekly va
Absences la ba dac trung quan trong
nhat, phu hop véi két qua tir hdi quy
tuyén tinh.

SVM c6 hiéu sudt du doan t6t nhung
kha ning dién giai kém, nhét 13 khi su
dung kernel phi tuyén. Piéu nay han ché
ung dung cua SVM trong linh vuc gido
duc - noi can hiéu rd co ché tac dong cua
cac yéu to dén két qua hoc tap.
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4.3.3. Hiéu qua tinh toan

Linear Regression c6 hi¢u qua tinh
toan cao nhat, voi thoi gian huin luyén
chi bang 1/22 so voi SVM va 1/9 so voi
Random Forest. Sy khac biét nay co y
nghia quan trong trong viéc trién khai mo
hinh trong cac tng dung thuc té, didc biét
khi can phai cip nhat md hinh thuong
xuyén hodc trién khai trén cac thiét bi voi
ngudn lyc tinh toan han ché.

Dua trén két qua so sanh toan dién,
Linear Regression 1a mét lya chon tdi wu
cho bai toan du doan két qua hoc tap trong
nghién ciru nay, véi sy can bang giita do
chinh x4c du doan, kha nang dién giai, va
hiéu qua tinh toan tbt nhat.

4.4. Phdn tich yéu té anh hwing
dén két qua hoc tip

Mo hinh Linear Regression cho
phép phan tich chi tiét vé mac do va
huéng anh huéng cua timg yéu to dén két
qua hoc tap. Bang 4 trinh bay cac hé s6 hoi
quy va muc do ¥ nghia thong ké cia ting
bién trong mo hinh:

Bdng 4. Hé s6 hoi quy va y nghia thong ké trong mé hinh Linear Regression

Bién H¢é s6 hoi quy (B) | Saisdchuin | Giatrit | Giatrip Y nghia
StudyTimeWeekly 0,14 0,004 35,339 <0,001 | Cao
Absences -0,72 0,0039| -187,168 <0,001|Cao
ParentalSupport 0,102 0,0045 21,993 <0,001 | Cao
Tutoring 0,06 0,0024 25,562 <0,001 | Trung binh
Extracurricular 0,0457 0,0023 19,760 <0,001 | Thap
Sports 0,0479 0,0024 19,717 <0,001 | Thap
Music 0,034 0,0028 11,981 <0,001 | Thap
Volunteering -0,001 0,0031 -0,335 <0,001 Thfip

Tir két qua phan tich, c6 thé rut ra
cac phat hién chinh sau:

1.HJ tro tir phu huynh (Parental
Support): La yéu t6 anh huéng tich cuc
manh nhat &én GPA; mdi muc ting hd trg
tr phu huynh giip GPA tang trung binh
0,102 diém (p < 0,001). Piéu nay cho thay
vai tro quan trong cua gia dinh.

2.Thoi gian hoc hang tuan
(StudyTimeWeekly): Mdi gio hoc thém
mdi tudn gitip ting GPA trung binh 0,14
diém (p < 0,001), cho thay tim quan trong
ctia viéc hoc tap déu dan.

3.S6 ngay ving mit (Absences):
Mbi ngay nghi hoc lam giam GPA trung
binh 0,72 diém (p < 0,001), nhin manh
tam quan trong cua viée di hoc day du.
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4.Hoc thém (Tutoring): Co6 anh
hudng tich cuc ro rét, giap tang GPA
trung binh 0,06 diém (p < 0,001), cho thay
gia tri cua vi¢c hoc b tro.

5.Hoat ddng ngoai khoa
(Extracurricular, Sports, Music,
Volunteering): C6 anh hudng tich cuc dén
GPA, gop phan phat trién toan dién va
nang cao két qua hoc tap.

Nhitng phat hién nay phu hop voéi
cac nghién ctiru trude, nhu Fan va Chen
(2001) vé vai tro ctia phy huynh va Credé
va cong su (2010) vé anh huong cua viée
tham gia 16p hoc dén két qua hoc tap.

V. Két luin

Nghién ctru da trién khai va so sanh
ba mo hinh hoc may (Linear Regression,
SVM, Random Forest) trong dy doan két
qua hoc tap, st dung ngdén ngt R. Linear
Regression dat hiéu sudt cao nhat (R? =
0,9537), ddng thoi c6 kha niang dién giai
va tinh toan hiéu qua. M6 hinh cho thiy sy
hd trg ctia phu huynh, thoi gian hoc tap, va
tinh trang vang mat 1a nhiing yéu té anh
hudng manh nhat dén GPA.

Ung dung thyec tién:

1.Canh bido sém: Xay dung hé
thdng phat hién nguy co hoc tap sém dua
trén cac yéu t6 chinh.

2.Can thiép ¢6 muc tiéu: Uu tién
nang cao su hd trg tir gia dinh, quan ly
thoi gian hoc tap, va giam ving mat.

3. Cé nhan hoa hoc tap: Thiét ké ké
hoach hoc phu hop véi ting hoc sinh dua
trén hanh vi hoc tap.

Han ché:

1. D@ liéu chua dai dién cho Viét
Nam, anh huéng dén tinh ¢mg dung trong
bdi canh thuce té.

2.Bién dau vao con gi6i han, chua
bao gdm cac yéu to tim 1y - xa hoi hay
phong céach hoc tap.

3. Chi dung dit lidu cit ngang, chua
theo doi thay d6i két qua hoc tap theo
thoi gian.

Huéng phat trién:

1. Xay dung bo dir li¢u dai dién tai
Viét Nam.

2. Mé rong pham vi dic trung dau
vao, bd sung bién tam ly, hanh vi, cong
nghé hoc tap.

3. Ung dung hoc sdu nhu mang no-
ron voi dir liéu 16n.

4. Phat trién hé thong hd tro ra quyét
dinh cho giao vién, phu huynh va hoc sinh.

Nghién ctru gop phan 1am 13 cac yéu
t6 anh huong dén két qua hoc tap va tiém
nang ung dung hoc may voi R trong khai
pha dit liéu gido duc - dac biét tai Viét Nam.
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Abstract: This study employs educational data mining techniques, utilizing the
R programming language, to develop and evaluate models for predicting academic
performance. Three models-Linear Regression, Random Forest, and SVM-were implemented
on a standardized dataset of 2,392 students with eight input variables. Linear Regression
produced the best results (R? = 0.9537; RMSE = 0.0494), outperforming both SVM and
Random Forest. Regression analysis revealed that parental support (f = 0.102), study time
(f = 0.14), and absenteeism (f = -0.72) were the most significant factors influencing GPA. The
findings contribute to establishing a comprehensive analytical framework in R and provide
empirical data to support the development of effective educational intervention strategies.

Keywords: educational data mining, machine learning in R, academic performance prediction,

model comparison, learning factor analysis, Linear Regression, SVM, Random Forest

3 Hanoi Open University
# University of Engineering and Technology, Vietnam National University



