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GIOI THIEU

1. Giéi thiéu chung

Su bung nd cta khoa hoc dit liéu va tri tué nhan tao (AI) trong giao duc da md
ra co hoi méi dé phan tich va khai thac thong tin tr dit liéu hoc tép, tu d6 cai thién
hiéu qua day va hoc trong bdi canh chuyén dbi sd. Trong 6, mot tmg dung ndi bat
la du doan két qua hoc tap cua sinh vién dua trén dir liéu thu thap trong qua trinh
hoc, gitip phat hién som cac nguy co thit bai va trién khai cac bién phéap can thiép
kip thoi. Phuong phap nay truc tiép hd trg muyc tidu gido duc hién dai, bao gdm ca
nhan hoéa trai nghiém hoc tap va nang cao ty 18 tot nghiép.

Hién nay, nhiéu nghién ciru van st dung cic mé hinh hoc may (machine learning)
truyén thong nhu hdi quy tuyén tinh, hdi quy logistic, SVM, cdy quyét dinh, KNN
hay Naive Bayes. Cac mé hinh nay c6 wu diém 1a don gian, d& trién khai va dé giai
thich, nhung lai han ché trong viéc xtr Iy cac mdi quan hé phi tuyén va phu thudc theo
thoi gian trong dit 1iéu hoc tap. Thuc té, dix liéu hoc tap thuong mang tinh chudi, phan
anh sy tién b cta sinh vién qua thoi gian, trong khi cac md hinh hoc may hodc théng
ké truyén théng chu yéu dwa vao dic trung tinh nhu diém cubi ky.

Bén canh do, két qua hoc tap cta sinh vién chiu anh hudng tir nhiéu yéu t6 da
chiéu, bao gém ddc diém ca nhan (gioi tinh, thoi quen hoc tap, viéc lam thém, kha
nang chi tra hoc phi), nén tang gia dinh (trinh d¢ hoc véan ciia cha me), ciing nhu
két qua dau vao nhu diém thi tot nghiép THPT, diém thi cac t6 hop mén xét tuyén
(Toan — Hoa — Sinh, Vin — Sir — Dia, v.v.), va diém tiéng Anh. Bén canh do, hinh
thirc tuyén sinh (xét tuyén hoc ba, diém thi t6t nghiép, uu tién xét tuyén...) ciing 1a
mdt yéu t& quan trong anh hudng dén mirc d6 phut hop va kha nang thich nghi cta
sinh vién vdi moi truong dai hoc. Ngoai ra, cac yéu t6 bdi canh nhu diéu kién co s
vat chét, chinh sach hoc bong, chét luong giang day va murc d6 hd tro tir nha truong
cling gop phan dinh hinh két qua hoc tap. Viéc cac yéu td nay c6 mbi lién hé phic
tap va phi tuyén khién cic mo hinh truyén thong kho nim bat ddy du, doi hoi phai
ap dung cac phuong phéap phan tich hién dai hon nhu hoc may, hoc sau dé du doan
chinh xac hon.

Hoc sau (Deep learning) noi 1én nhu mot giai phap day hira hen nho kha ning
tur dong hoc biéu dién dir liéu va phat hién cic mau phtic tap ma khong can thiét ké
dic trung tha céng. Cac kién trac nhu LSTM va Transformer dic biét phu hop voi
dit liéu chudi, giup phan tich qua trinh hoc tip cia sinh vién theo thdi gian. Tuy
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nhién, thach thtrc dt ra 1a cac md hinh hoc sau thuong yéu cau dir liéu huén luyén 16n,
trong khi dit liéu gido duc lai nhé 1€, phan tan va thiéu théng nhét giita cac hé thong.

Mot huéng tiép can tiém nang 1a 4p dung cac md hinh tién huan luyén (pre-

trained models) hodc k¥ thuét hoc truyén (transfer learning), vén dd chimg minh
hiéu qua vuot trdi trong cac linh vuc nhw thi gidc may tinh va xt 1y ngén ngit tu
nhién. Tuy nhién, trong bdi canh nghién ctru gido duc, rao can 16n hién nay 1a sy
thiéu hut cac b dir liéu chuan hoa va mé hinh tién hudn luyén duge thiét ké chuyén
biét cho linh vuc ndy. Cho dén nay, cong dong nghién ctru van chua xay dung dugc
mot co so dit liéu chung hodc hé théng mé hinh tién huén luyén co thé tai sur dung
rong rii trong cac bai toan hoc thuat lién quan dén gido duc.

Dé giai quyét van dé nay, luan an lya chon cic md hinh hoc siu 1am nén tang,

Kkét hop véi cac k¥ thuét nhu tang cuong dit liéu, chon loc dic trung va ti uu siéu
tham s6. Pdng thoi, phét trién mé hinh lai (két hop deep learning véi machine
learning truyén thdng, hoic két hop nhiéu kién truc deep learning) 12 mot hudng di
trién vong, vua tan dung sttc manh biéu dién dir liéu, vira cai thién tinh giai thich
cua md hinh. Muc tiéu la xay dung cac mo hinh c¢6 kha nang xtr ly dit li€u hoc tap
theo chudi, tich hop cac yéu té ¢4 nhan, hoc thuat va xa hoi, dong thoi duy tri hiéu
qua du doan ngay ca khi dit lidu bi giéi han. Nghién ctru nay gop phin nang cao
phan tich hoc tap (Learning Analytics), hd tro qué trinh ra quyét dinh trong gido
duc dai hoc va thuc d?iy ung dung tri tué nhén tao trong nghién ctru giao duc.

2. Muyc tiéu nghién ciru

Muc tiéu chung:

Nghién ctru va phat trién cidc md hinh hoc may va hoc sau dé phan tich dir liéu

gido duc, nham du doan som két qua hoc tip cia sinh vién.

Muc tiéu cu thé:

1) Dé xuét va so sanh hiéu nang cua cac mod hinh hoc may va hoc sau hién dai
trong viéc du doan két qua hoc tip (vi dy: diém trung binh hoc ky (SGPA),
phan loai tot nghiép), véi trong tim la nang cao do chinh xac va kha ning
khai quéat hoa.

2) Xay dung cac md hinh hoc sau lai, thyc hién chon loc dac trung phu hop
va &p dung céc k¥ thuat ting cuong dir liéu dé khic phuc thach thac cua
bo dit liéu gido duc quy md nho va khong dong nhat.

Viéc danh gia thuc nghiém s€ duoc tién hanh trén cac bo dit liéu huan luyén thu

thap tir cac trudng dai hoc va cao ddng trong nudce ciing nhu quic té.



3. P6i twong va pham vi nghién ciru

Poi twong nghién ciru: Cac bai toan dy doan sém két qua hoc tap cia sinh
vién c6 thé dugc phan loai thanh nhiéu dang cu thé khac nhau, tuy theo muc ti€u va
pham vi phan tich. Cu thé:

- Bai toan dy doan sém diém s6: bao gom du doan sém diém trung binh hoc ky
(semester GPA), diém trung binh nam hoc, diém trung binh tich lily, diém ting hoc
phan, két qua hoc phan ngan han, diém danh gia thuong xuyén, v.v.

- Bai toan phan loai som: bao gdm dy doan sém xép loai hoc tap theo tirng hoc
phan, ting hoc ky, giai doan hoc tap, hoic xép loai tét nghiép.

Céc nhiém vu dy doan ndy dong vai trd quan trong trong hé théng canh bao
som hoc tap, gitp co s dio tao phat hién sém sinh vién co nguy co truot hoc phan,
phai hoc lai, hoac khong thé ot nghiép ding han. Déng thoi, két qua du doan hd
tro dé xuat cac bién phép can thiép nham cai thién két qua hoc tép cua sinh vién,
cling nhu cung cép co sé dit liéu dinh luong gitip nha quan 1y gido duc ra quyét dinh
chinh xac hon.

Trong khuén khé ludn 4n nay, nghién ctru tip trung vao hai dang bai toan du
doan cbt 16i: Dy doan sém diém trung binh hoc ky (SGPA) va Du doan sém xép
loai t6t nghiép (graduation classification).

Tu day vé sau, thuat ngilt “két qua hoc tap” trong ludn an nay duogc hiéu mot
cach cu thé 1a “diém trung binh hoc ky”” hodc “xép loai tot nghiép”.

Ngoai ra, luén 4n con xem xét cac dbi trong nghién ctiru & cdp d6 mo hinh, bao
gdm: cac thuat toan hoc may (KNN, DT, SVM, LR, RF) lam co sd; cac kién triic
hoc sau (DNN, CNN, RNN, LSTM, Transformer, GNN/GCN/GAT) cho dir li¢u
tudn ty va quan hé; va cac mo hinh lai va nang cao (NeutroDL, NeutroGNT,
LATCGAd, AWG-GC) dé giai quyét cac tap dit liéu nho, mit can bang va khong
chéc chan.

Pham vi nghién ctru: Cac moé hinh hoc may va hoc sau hién dai, bao gém ca
cac kién truc lai (hybrid models).

Céc bo dir liéu dugc thu thap tir Truong Pai hoc Thi d6 Ha Noi (HNMU), Dai
hoc Quéc gia Ha Noi (VNU), cing voi mot s6 bo dit lidu qudc t& cong khai nham
muc dich tham khao va déi sanh.

Dit liéu str dung trong nghién ctru bao gdm: Ho so diém sb cua sinh vién, thu
thap tr hé théng quan ly dao tao cua cac truong dai hoc. Dir liéu khao sat vé cac
yéu td lién quan dén sinh vién, nhu thong tin ca nhan, sé thich, nén tang hoc tap
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trude khi vao dai hoc, hoan canh gia dinh, va cac yéu td xa h@i—nghé nghiép co thé
anh hudng dén két qua hoc tép. Du liéu & cép d0 co so dao tao dai hoc, bao gém
thong tin vé co s& vat chat, chuong trinh dao tao, giang vién, v.v.

4. Phwong phap nghién ciru
Nghién ciru nay két hop gitra nghién ctru 1y thuyét, tong quan tai lidu, khao sat
diéu tra va nghién ctru thyc nghiém.

5. Nhitng déng gop chinh cia luan an

1. Dé xuit hai m6 hinh méi: mé hinh NeutroDL va NeutroGNT, tich hop qué
trinh neutrosophic vao cac mo hinh hoc sau nham nang cao hi¢u qua dy doan sém
diém trung binh hoc ky (SGPA).

2. Dé xuét hai mo6 hinh lai méi 1a LATCGAd va AWG-GC phuc vu dyu doan
som xép loai tbt nghiép cua sinh vién.

3. Xay dung ba bd dir li¢u da thudc tinh tir nhiéu nguén khac nhau va dé xuat
cac khung phan tich phu hgp cho dit li€u giao duc.

Dudi goc d6 hé thong thong tin, theo nghia kién trac tich hop cua dit liéu, phan
mém, phan cing, con ngudi va quy trinh phdi hop dé thu thap, xir Iy va cung cép
thong tin cho viéc ra quyét dinh, luan an ¢6 nhitng dong gop sau: (i) Phat trién va
chuin héa cac bo dit liéu gido duc nhiam hd trg Khai pha dit lidu gido duc (EDM)
va Phan tich hoc tap (LA). (i) Thiét ké quy trinh xtr 1y dit liéu chit ché dé dam bao
chat lugng dir liéu va d tin cdy ciia mo hinh. (iii) Ung dung cac khung hoc sau tién
tién dé xay dung va téi wu hoa cac mé hinh dy doan. (iv) Tan dung ha tang CPU va
GPU dé xur 1y dir liéu va phan tich theo thoi gian thyc. (v) Dit sinh vién & vi tri
trung tAm, dong thdi cung cip cac thong tin phan tich dya trén dir liéu nham hd trg
giang vién va nha quan 1y trong viéc nang cao chat luong giang day va hoach dinh
chinh séch. (vi) Tich hop céac thanh phan ciia hé thong thong tin dé xay dung mot
hé thng phan tich gido duc théng minh, thich img, hudng tdi mé hinh quan Iy gido
duc dai hoc dwa trén dir lidu.

6. B cuc ciia luin 4n

Luén an dugc trinh bay vdi cdu tric bao gdm: phin mé diu, ba chuong chinh,
phan két luan va hudng phat trién, danh muc céc cong trinh da cong bd, clng tai
liéu tham khao, cu thé nhu sau:

Phan M¢ dau trinh bay ¥ nghia khoa hoc va tinh cap thiét cua dé tai, 1y do lua
chon dé tai nghién ctru. Pdng thoi néu rd muc tiéu, ddi tugng, pham vi, phuong
phap nghién ctru, nhitng dong gop chinh va ndi dung nghién ciru cia luan an.
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Chuong 1 cung cép téng quan vé phan tich dir lidu gido duc, nhin manh ting
dung cta hoc may va hoc siu trong du doan két qua hoc tap cua sinh vién. Chuong
nay ciing tong quan cac cong trinh lién quan dé xac dinh dong co nghién ctru, dong
thoi gioi thiéu ba bo dir 1iéu chinh (HNMU1, HNMU2, VNU) thu thép tir Truong
Dai hoc Thu d6 Ha Noi va Pai hoc Quéc gia Ha Ndi, 1a co s¢ thyc nghiém cho cac
mo hinh dugc phat trién & cac chuong sau.

Chuong 2 tap trung vao du doan diém trung binh hoc ky (SGPA) bang cic mo
hinh hoc siu két hop véi Iy thuyét Neutrosophy nhdm xt 1y tinh bat dinh cua dit
liéu. Cac mo hinh nhu DNN, CNN, RNN, LSTM va Transformer dugc trién khai
trong méi trudmng neutrosophic (Neutrosophic DLs) dé du doan GPA cua hoc ky ké
tiép tir dir liéu hoc tap trong qua khtr. Dé ning cao hiéu qua, chwong nay dé xuét
mo hinh lai NeutroGNT, tich hgp qua trinh neutrosophic héa dit liéu, sinh dir liu
bang CGAN, tiém nhiéu va Transformer, gitip cai thién d chinh xac va kha ning
thich ting trong diéu kién bét dinh.

Chuong 3 chuyén huéng sang bai toan du doan xép loai t6t nghiép cua sinh
vién, mot nhi€ém vu dai han va mang tinh hé théng. Chuong nay gioi thiéu hai mo
hinh LATCGAd va AWG-GC, tan dung cac mo hinh dya trén dd thi (Graphformer),
GANSs nang cao (CGAN, WGAN) va Autoencoder, két hop v6i AdaLN dé dam bao
6n dinh, nham xir 1y dit liéu it va mat cin bang. Cac md hinh nay vira mé rong di
liu, vira nang cao hiéu qua dy doan, dem lai @6 chinh xac, d6 tin cdy va kha nang
mé rong cao hon cho cac hé thdng phén tich gido duc.

Phan Két luan va Hudng phat trién tong hop cac két qua di dat duoc, rat ra
nhitng két luan chinh, dong thoi dé xuit cac hudng nghién ciru tiép theo dua trén
cac phat hién cia luén an.

Danh myc cong trinh da cong bd: Luan an liét ké 08 bai bao cla tac gia, cling
cong sy, da dugc cong bd hodc chép nhéan dang trén cac tap chi va ky yéu hoi thao
khoa hoc trong va ngoai nudc.

Tai liéu tham khao: Cudi luan 4n 1a danh muc céc tai liéu tham khao dugc sir
dung trong qua trinh nghién ctru.

7. Tong quan ndi dung chinh

Ngoai chuong 1 phan tich tong quan va gidi thiéu bai toan, tap dit liéu, Chuong
2 va Chuong 3 cua luan an tao thanh mét céu tric théng nhét, trinh bay hai cach
tiép can bo sung cho nhau trong dy doan som két qua hoc tip cua sinh vién dua trén
dir lidu hoc tap va cac yéu td khao sat. Chuong 2 giai quyét bai toan hdi quy nham
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du doan diém trung binh hoc ky (SGPA), mot chi bao lién tuc phan anh két qua hoc
tap ngan han. Chuwong 3 tip trung vao bai toan phan loai nhim dy doan sém xép
loai tbt nghiép, mot Kkét qua roi rac mang tinh dai han. Hai nhiém vy nay c6 mbi
lién hé chit ché, boi két qua GPA cua nhiéu hoc ky la dau vao quan trong cho mo
hinh du doan som xép loai tot nghiép. Do d6, du doan GPA sém gitip nang cao do
chinh xac cho bai toan phan loai sau nay.

Vé phuong phap luan, Chuong 2 gidi thidu cac mé hinh hoc sdu (DNN, LSTM,
Transformer) két hop voi k¥ thuat xir 1y bit dinh (Neutrosophy) va ting cudng dit
liéu (CGAN), dit nén tang cho Chuong 3. Chuong 3 ké thira va phat trién cac md
hinh mé rong nhue LATCGAd va AWG-GC, tich hop CGAN, WGAN, Graphformer
va Autoencoder dé xtr 1y dir liéu phan loai von phtrc tap va mat can bang. Cac
chuong nay c6 su gin két chit ché ca vé su phu thudc dit liéu 14n quy trinh mé hinh
hoa tién trién, dugc thiét ké phu hop véi dic thu cta timg nhiém vu du doan.

8. Y nghia ciia ludn an

Y nghia hoc thuit: Nghién ciru nay dong gop vao sy phat trién cua linh vuc
Khai pha dir li€u gido duc (Educational Data Mining - EDM) thong qua viéc tich
hop cic mo hinh hoc sdu vao hé théng thong tin gido duc. Cac mé hinh duoc dé
xudt cho bai toan du doan diém trung binh hoc ky (SGPA) va xép loai t6t nghiép,
duoc huén luyén trén dir li€u thuc té v&i do chinh x4c cao, tao nén tang khoa hoc
vitng chic cho viéc img dung tri tué nhén tao trong phan tich hanh vi hoc tap cua
sinh vién.

Ung dung thye tién: Cac két qua nghién ctru cia luan an c6 kha ning ung
dung cao trong quan ly gido duc, déc biét 1a ¢ cac khia canh sau:

- C4 nhan héa hoc tap: hd trg ¢ van hoc tap va xay dung 10 trinh hoc tap phu
hop cho timg sinh vién;

- Phat hién sém sinh vién c6 nguy co: cho phép co s& ddo tao trién khai céc bién
phap can thiép kip thoi;

- Ra quyét dinh dya trén dif liéu: hd trg cong tac quy hoach, danh gia va hoach
dinh chinh sach gido duc.

Pong gép & tAm hé thong: Luan an minh ching cho viéc tich hgp cong nghé
hoc sau v6i cac thanh phan cdt 161 cua hé thong thong tin gido duc (dit liéu , phan
clg, phan mém, con nguoi, quy trinh), hudng ti xay dung mot moi trudng hoc
tap thong minh, thich tng va hiéu qua trong ky nguyén Al.

Két qua cda ludn an da duoc trinh bay tai:
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1. Seminar FS&IS, Truong Cong nghé Thong tin va Truyén thong, Trudng
Pai hoc Cong nghiép Ha Noi.

2. Hoinghi VNICT, 2024.

3. Hoi nghi MCO, 2025.

CHUONG 1. TONG QUAN VE DU POAN KET QUA HQC TAP DUA
TREN CAC TIEP CAN HQC MAY VA HQC SAU

Chirong nay trinh bay boi canh va dong hec nghién ciru (Muc 1.1), nhdn manh
tam quan trong cua viéc dy dodn som két qud hoc tdp cua sinh vién. Muc 1.2 téng
quan cdc nén tang co ban ciia hoc may va hoc sau. Muc 1.3 tong hop cdc nghién
cibu trong va ngodi nuée ¢6 lién quan, qua dé chi ra khodng trong nghién ciru. Muc
1.4 gioi thiéu cdc bo dir liéu thuc nghiém, bao go”‘m ba b¢ dir liéu tir cac truong dai
hoc Viét Nam ([CT1], [CT3], va [CT4]) ciing mét sé bé dit liéu quoc té ding cho
doi sanh. Cudi ciing, Muc 1.5 trinh bay cdc thude do danh gid dwoc sir dung dé
kiém dinh va so sanh hiéu ning ciia cde mé hinh trong cdc chirong sau.

1.1. B6i canh va dong lue nghién ciru

Trong bdi canh Cach mang cong nghiép 1an thir tu, dit lidu tré thanh dong luc
cho viéc ca nhan hoa hoc tip va ra quyét dinh dya trén thong tin trong gido duc.
Cung véi su phat trién cua céc cong nghé gido duc, viéc du doan Kkét qua hoc tap
bang cac phuong phap hoc may (ML) va hoc sau (DL) ngay cang giit vai trd trung
tam. Luan an nay tap trung khai thac khai pha dir liéu gido duc dua trén hoc sau
(DL-based EDM) nham nang cao kha ning du doan va hd trg cong tac quan Iy chién
lugc trong gido duc.

Khai phé dir li¢u giao duc (Educational Data Mining - EDM) va Phan tich hoc
tap (Learning Analytics - LA) st dung cac phuwong phap tinh toan dé phan tich dit
liéu hoc tép, tir d6 cho phép can thiép sém, du doan két qua hoc tap va cung cap hd
tro' cd nhan hoéa. EDM tdp trung vao viéc hiéu hanh vi hoc tap, trong khi LA theo
ddi va bao cdo cac qua trinh hoc tap. Su két hop cua hai linh vuc nay thuc day cai
tién gido duc dua trén dir liéu, mic di van con nhimng thach thirc nhu quyén riéng
tu dit liéu va tich hop hé thng.

1.2. Cac phwong phap hoc may va hoc sau
Hoc may dugc phan loai thanh bdn nhom chinh: hoc c6 giam sat, hoc khong
giam sat, hoc ban giam sat va hoc tang cuong. Cac thuét toan nhu KNN, SVM, LR,
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DT va RF dugc gi6i thiéu ngan gon trong tiéu muc nay. Trong khi d6, cac mo hinh
hoc sau nhu DNN, CNN, RNN, LSTM va Transformer dugc thiét ké dé giai quyét
cac nhiém vu phtre tap.

1.3. Téng quan cac nghién ciru lién quan

Céc nghién ctru qudc t& gan day trong linh vuc khai pha dit lidu giao duc va
phan tich hoc tap cho thiy sy gia ting manh mé trong viéc ing dung cac k¥ thuat
hoc may va hoc sau dé dy doan két qua hoc tap va hd tro qua trinh hoc tap. Nhiéu
thuat toan ML da dugc st dung dé phan tich dit liéu gido duc tir hé théng quan 1y
hoc tap (LMS) va cac khéa hoc tryc tuyén md (MOOCs). Cac phuong phap nay t6
ra hi€u qua trong viéc dy doan Kkét qua hoc tap cua sinh vién, bao gém diém sd,
nguy co bo hoc va kha ning t6t nghiép. Bén canh d6, cac k¥ thuat DL ngay cang
dugc cha y nhd kha ning ndm bét cac mbi quan hé phi tuyén, phuc tap va cai thién
d6 chinh xac trong dy doan. Cac mé hinh lai (hybrid models) ciing dwoc phat trién
nhim giai quyét nhitng thach thirc nhu mit can bang dir lidu va dit liéu khong day
dd. Tuy nhién, van con ton tai nhitng han ché, chéng han nhu thiéu kiém chirng trén
cac hé théng gido duc khac nhau, ¢& mau nho, va su can thiét phai cai thién kha
nang xtr 1y dit liéu tudn tw va mbi quan hé giira cac hoc phan.

Trong bdi canh cac nghién ciru trong nudc tai Viét Nam, viée ung dung ML
trong giao duc van & giai doan khai dau. Mot s6 cong trinh dang chi y tap trung
vao ung dung ML trong Iya chon hoc phﬁn, du doan két qua hoc tép va phat hién
som sinh vién ¢6 nguy co. Tuy nhién, nhiéu nghién ciru trong nuéc van gip thach
thirc lién quan dén ¢& mau nho va su can thiét phai xay dung cac mé hinh toan dién
hon, ¢6 kha ning khai thac dong thoi ca dit liéu c6 cau triic va phi cu tric.

Khoang tréng nghién ciru: Cac phuong phéap hién tai chii yéu dua vao dir
liéu tinh va cac md hinh ML truyén thong, dan dén kho khan trong viéc nim bét
tinh tudn tu cia qua trinh hoc tip. Nhitng thach thirc bao gdm dit liéu nho, phan
manh va thiéu ngit canh thoi gian. Nghién ciru trong tuong lai cin tip trung xdy
dung cac bd dir licu tuan tu dugc chuin hoa va phat trién cac mé hinh DL lai phu
hop véi déc thu cua dir liéu gido duc da dang.

1.4. By dix liéu

B dir licu HNMU1: Thu thép to Truong Pai hoc Tha d6 Ha Noi (HNMU)
trong giai doan 2021-2022, bao gdm 2.763 ban ghi ciia sinh vién nganh Gido duc
Tiéu hoc; sau tién xir Iy, con lai 933 ban ghi véi 39 thudc tinh.
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B6 dir liéu HNMU2: Thu thap tai HNMU trong giai doan 2023-2024, gém
2.613 ban ghi cua sinh vién nganh Su pham Toan va Su pham Vat ly; sau khi lam
sach dir li¢u, gilr lai 551 ban ghi cta sinh vién nganh Toan véi 88 thudce tinh.

B0 dir liéu VNU: Dt li€u khao sat tir sinh vién nganh Su pham Ngit van tai
Pai hoc Qudc gia Ha Noi (VNU) nam 2023, gdbm 521 ban ghi véi 91 thudc tinh;
trong d6 271 mau duoc gan nhén.

Bo dit liéu quéc té: Nam bo dix liéu tir nhiéu co s& giao duc trén thé gidi cling
duoc st dung cho muc dich so sanh va dbi sanh.

Théch thirc vé quyén riéng tu: Dit lidu gido duc thuong chira thong tin ca
nhan va nhay cam. Cac van dé nhu chuong trinh dao tao khong dong nhét, thay d6i
thuong xuyén, cing mirc d6 s6 héa khac nhau gay kho khan cho viéc chuan hoa.
Do d6, nghién cuu cin dam bao nguyén tdc bao mat dir liéu, su déng thuan cua
nguoi hoc, cling nhu kha nang thich tmg ctiia mo hinh véi cac bd dir li¢u c6 quy mo
nhd va da dang.

1.5. D§ do danh gia md hinh dy doan

Céac mo hinh phéan loai dugc danh gia bﬁng cac do do nhu Accuracy, Precision,
Recall va F1-Score. Dbi v6i cac mod hinh hdi quy, cac chi sé chinh bao gdm MSE,
RMSE, MAE va R2.

CHUONG 2. DU DPOAN SOM PIEM TRUNG BINH HQC KY
DUA TREN CAC TIEP CAN HQC SAU

Trong gido duc hién dai, viéc du dodn diém trung binh hoc ky (SGPA) ciia sinh
vién cé Y nghia quan trong trong theo doi két qua hoc tdp, phat hién sém sinh vién
c6 nguy co, va dinh huéng cac ké hoach hoc tdp cd nhan héa. Tuy nhién, SGPA
khéng phai la mét thude do tuyét doi hay on dinh. Gid tri ndy ¢ thé thay doi theo
thoi gian dudi tae dong ciia nhiéu yéu té nhie phicong phdp cham diém, cach thire
gidng day, trang thai tam Iy cua sinh vién, ciing nhw sy khdc biét gitva cdc co so
dao tao. Do d6, SGPA can dwoc xem xét nhu mét chi béo linh hoat, phdn anh ca
tinh bdt dinh va s bién déng. Xudt phat tir quan diém nay, chwong ndy trinh bay
cdc mé hinh dw dodn dp dung hoc sdu két hop véi cdc phwong phdp xir Iy bt dinh
nham ndng cao d chinh xdc va phan dnh tot hon tinh phic tap ciia méi trong
gido duc thuc té.

Hai huéng tiép cdn mé hinh dwoc dé xudt gom: NeutroDLs: tich hop logic
neutrosophic vao cdac mé hinh hoc su tiéu chudn; NeutroGNT: mé hinh lai két hop



10

Transformer, CGAN va biéu dién neutrosophic dé xir Iy van dé mat cin bang dir
lieu va bat dinh. Thuc nghiém trén bay bo dir liéu thuc cho thdy cdac mé hinh nay
cdi thién dang ké do chinh xdc du dodn, trong do NeutroGNT dat MSE = 0,018 va
R? = 96,05%. Nji dung ciia chwong nay dwa trén cdc céng bé [CT5] va [CT6].

2.1. Giéi thiéu

Panh gia két qua hoc tip cua sinh vién 1a mot qué trinh phirc tap do ton tai
nhiéu yéu t6 bat dinh, sy da dang trong chuan d4nh gia, ciing anh huong tir phuong
phap giang day va yéu t6 tam 1y cta ngudi hoc. Sy phat trién cta hoc tap truc tuyén
cang lam gia ting bién dong thong qua cac chi sb twong tac sd. Nhitng yéu té nay
khién dir liéu gido duc thuong chira nhidu nhidu va kho chudn héa, tir d6 han ché
hiéu qua ctia cic md hinh ML/DL truyén thong.

Dé khic phuc, luan an tich hop logic md (fuzzy logic) va logic neutrosophic
vao cac md hinh hoc sau. Trong d6, logic neutrosophic bo sung thanh phan bét dinh
(indeterminacy), cho phép xir Iy tot hon dit liéu chua hoan chinh va chira nhiéu yéu
t6 khong chic chan.

2.2. Téng quan vé 1y thuyét Neutrosophy

Dinh nghia 2.1. M6t tap neutrosophic (NS) A, x&c dinh trén khong gian X voi
phan tir x, duoc biéu dién dudi dang:

A= {(x,TA(x), IA(x),FA(x)):x € X} (2.1)
& d6 mdi x thuoe X dugc dai dién boi ba ham thudc: ham do do thudc, Ta: X —
[0; 1]; hdm do d6 trung tinh, I,: X — [0; 1]; va F,: X — [0; 1]: do d6 khong thudc
ctia phan tir x vao tap A. Tong ctia cac ham thudc thoa man didu kién 0 < T,(x) +
Li(x) + Fi(x) <3 vsimoi x € X.

2.3. bt bai toan

Cho X 1a tap con khac rong cia R™. x = (X1, X5, ..., X,,) € X. Trong chuong
nay luén an xem xét 03 kich ban sau:

Kich ban 1: Dy doan s6m két qua hoc tap hoc ky thir n khi biét két qua hoc tap
ctia hoc ky thir n — 1. Tuc 13, cho biét gia tri cua x,,_;, du doan gié tri cta x,,, 1 <
n<m.

Kich ban 2: Dy doan sém Kkét qua hoc tap hoc ky thi n khi biét két qua hoc tap
ctia hai hoc ky truéc dé. Tuc 13, cho biét gia tri cia x,,_,, x,_1, du doan gié tri cua
Xp,2<n<m.
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Kich ban 3: Dy doan som két qua hoc tap hoc ky thir n khi biét két qua hoc tap
ctia ba hoc ky true d6. Tic 13, cho biét gia tri ciia x,,_3, Xp—o, Xp—q, du doan gia
triciax,, 3 <n<m.

2.4. M6 hinh NeutroDL

Tap trung vao bai toan du doan SGPA, trong chuong nay, luan an dé xuat mot
cach tiép can méi tich hop cac Iy thuyét vé bat dinh vao cic mo hinh hoc sau, nhim
nang cao d6 chinh xac du doan, dac biét trong bdi canh dit liéu giao duc khong dﬁy
du hodc con mo hd. Hinh 2.4 minh hoa kién tric tong quat ciia cic mang NeutroDL
(neutrosophic+tDNN, CNN, RNN, LSTM va Transformer). Dt liéu dugc xu ly
thong qua cac ham neutrosophic dé mé hinh héa tinh bat dinh, tir d6 nang cao do
chinh xac du doan. Mdi mau dir liéu duge dic trung boi mot vector gém 18 thudc
tinh, v6i 6 nhan t6 neutrosophic twong (mg véi cac mirc do két qua hoc tap. Bing
cach xét dén cac yéu td khong chic chin, cac mé hinh dé xuit hudng dén viéc cung
cap nhitng danh gi4 linh hoat va sat thuc hon vé niang luc ctia sinh vién.
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Hinh 2.4. M6 hinh NeutroDL
Thuat toan 2.1. NeutroDL dw doan SGPA véi Neutrosophic logic va
Hoc séu
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1 PAuvao: X: hd so hoc tap lich sir ctia sinh vién;

2 E,: cac ham thudc neutrosophic

3 M6 hinh € {DNN, CNN, RNN, LSTM, Transformer};

4 Siéu tham s: toc do hoc 1, ty Ié dropout d, s epochs E

5  Piura: § diém du doan két qua hoc tap cta sinh vién

6  Tién xir Iy dir liéu sinh vién thé: lam sach, chuan hoa va sap xép

theo thoi gian.

7  Ma héa neutrosophic: For x; € X do

8  V6&i mdi dau vao x; anh xa bang ham hinh thang neutrosophic:
[TCx), 1(x:), F(x)] « F,0O

10 end for

11 XAy dung mé hinh gdm:

12 Input layer: vecto neutrosophic [T, I, F]

13 Encoder (bién d6i neutrosophic.)

14 Hidden layers theo md hinh da chon (M6 hinh € {DNN, CNN,
RNN, LSTM, Transformer})

15 Decoder: giai m¢ (neutrosophic defuzzification)

16 Output layer: dau ra hoi quy (regression head)

17  Huén luyén: t6i vu bing Adam v6i ham mit mat MAE.

18 Chay E epoch trén tap train.

19  Pénh gia trén tap test bang cac chi s RMSE, MAE, R?

20 Travéyp

Dit liéu dugc st dung trong chuong nay la HNMUI. Sau tdp md neutrosophic
duoc ap dung, bao gém: Excellent, Very Good, Good, Medium, Poor, va Very Poor.
Céc phuong phap hoc sau (DL) dung dé phan tich dit liéu gdm cac mé hinh ¢6 dién:
DNN, CNN, RNN, LSTM, va Transformer. Két qua so sanh dugc danh gia dua trén
sai s6 (trung binh sau 10 lan chay), nhu thé hién trong Béang 2.9.
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Bing 2. 9. Sai s6 trung binh so sdnh giita cdc sai sé trung binh ciia cdc kich ban 1, 2, 3

Mb hinh RMSE MAE R? (%)
/D§ do Real input | NeutroDL | Real input | NeutroDL Real input NeutroDL

DNN 1.06+0.33 | 0.89+0.09 | 1.07+0.11 | 0.75+0.06 48.26 +32.00 | 12.76 + 490
“:' CNN 0.92+0.06 | 0.90+0.07 | 0.73+0.04 | 0.74+0.04 8.52 £ 4.65 11.40 £ 5.06
2 RNN 0.89+0.05 | 0.92+0.07 | 0.72£0.04 | 0.73x0.04 12.6 £8.49 12.39 £ 6.06
fa_ LSTM 0.90+0.05 | 0.91+0.07 | 0.74+0.03 | 0.74 £ 0.04 9.72 £5.39 12.73 £ 4.97
~ | Transformer | 0.90+0.04 | 0.89+0.08 | 0.74+0.03 | 0.74+0.04 26+ 5.40 13.13 +7.65

DNN 110+0.11 | 057+0.05 | 1.1340.12 | 0.47+0.05 | 186.07£19.20 | 48.42+5.74
‘: CNN 0.53+0.05 | 058+0.04 | 0.41+0.03 | 0.46 +£0.02 46.39 + 6.51 47.03 +5.80
2 RNN 0.55+0.07 | 0.60+0.05 | 0.42+0.05 | 045+0.03 | 37.12+18.19 | 46.16+6.82
fa_ LSTM 0.52+0.04 | 0.57+0.04 | 0.40+0.03 | 0.45+0.03 52.42 £9.95 49.51 +5.40
“ | Transformer | 0.63+0.07 | 0.59+0.06 | 0.48 +0.04 | 0.47 +0.06 26.83 £5.96 45.54 £ 8.92

DNN 244+0.16 | 0.87+0.05 | 231+0.16 | 0.74+£0.04 | -211.39+75.45 | 59.45 +4.00
C: CNN 0.86+0.08 | 0.80+0.08 | 0.67+0.07 | 0.62+0.07 59.01 £ 7.00 62.04 £ 5.36
2 RNN 0.82+0.13 | 0.80+0.08 | 0.62+0.12 | 0.60+ 0.06 60.69 £ 9.20 62.14 £ 7.67
fa_ LSTM 0.88+0.13 | 0.76 +£0.11 | 0.71+0.15 | 0.59 £ 0.07 58.51 + 1.54 65.28 + 8.93
~ | Transformer | 0.93:0.07 | 0.79+0.06 | 0.77 £0.06 | 0.59 + 0.05 53.05 £ 7.60 65.95 £ 4.33

Céc két qua duogc in dam thé hién phuong phap du doan twong tmg dat két qua t6t hon so véi cac phuong phap khéc.
Ba kich ban nghién curu voi bd dit licu HNMU1 cho théy cach tiép can dé xuét d3 vuot troi hon so véi cac mang no-ron
truyén théng khi lam viéc véi dit liéu s thuc. Trong céc thi nghiém, cac mo6 hinh RNN va Transformer dugc sir dung trong

ludn 4n da cho két qua 6n dinh va t6t hon so v&i cac md hinh khéc trong cling diéu kién thir nghiém.
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2.5. M6 hinh NeutroGNT
Phan nay dé xuit mot khung hoc sdu lai, tich hop Transformer, Conditional
GAN (CGAN) va biéu dién dau vao theo neutrosophic. Pong thoi, mot chién luge
b sung nhiéu (noise injection) ciing duoc dua vao nhiam nang cao kha ning khai

quat hoéa ciia mo hinh.

Netrosophic sets

01Uy

ejep
anatyuky

JORUIULISI]

Jensen-Shannon
divergence

Hinh 2. 10. M6 hinh NeutroGNT
Céu truc téng thé cua md hinh duoc mé ta trong hinh 2.10: Véi tap dit ligu

thuc (X,, v,), st dung cac ham thudc neutrosophic dang hinh thang dé
mnetréphic hoa dit liéu va xay dung tap di liéu méi (X,,, ¥,,). Dé tang tinh hiéu
qua ciia mo hinh hoc sau hdi quy, CGAN dugc tich hop trong qua trinh tén xir Iy
dir lidu & sinh thém dit lidu (X7, yy). Hai tap dir lieu (X,,, y) va(Xy,yy) duoc két
hop dé ta thanh bo dit liéu tong hop (X,, y.). Sau d6, mét chién lugc bd sung
nhiéu nhan tao dugc tich hop nham ting cudng tinh bén viing (robustness) va
kha nang khai quat hda (generalization) cua mo6 hinh du doan, hinh thanh
(X5.¥4)- Mot md hinh Transformer duoc sir dung dé dua ra két qua dw doan, hoat
dong theo cach két hop dé nam bét cac mau phirc tap va cac quan hé phu thudc

trong dit liéu (Xg,yg). Cudi cung, thyc hién giai md (defuzzification) dé chuyén
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cac gia tri neutrosophic vé dang gia tri thuc va xuit ra két qua du doan cudi

cung.daura V.
Thuat todn 2.2. NeutroGNT — Du doin SGPA véi Neutrosophic logic, CGAN,
chién lwoc bo sung nhiéu nhan tao va Transformer

1: Pau vao: Dygqr: b0 dir liéu thyc g6m ho so hoc tap cia sinh vién va SGPA

2: Z 1 véc-to nhleu tiém 4n cho CGAN

3: G : s lvong mAu neutrosophic téng hop cin sinh

4: TNeum, mo hinh Transformer v6i ma hoa neutrosophic va chién luoc b sung
nhicu (noise injection)

5: Dau ra: Y : cac gia tri SGPA du doan cho tdp kiém thur

6: [X,, y,] < Preprocess(D,¢q;) > Lam sach, chuan hoa (scale), va sap xép theo
hoc ky.

7: Xneutro — NeutrosophicTransform(X,) Neutrosophic hoa bang ham
membership hinh thang

8: [Geoany Degan] < Train CGAN([Xyeutror ¥, Z)

9:fori = 1toG do

10:  z;«< Sample(Z)

11: y;«< SampleLabelDistribution(y;.)

12: X¢[i] < Gegan(z;, yi) > Sinh d4u vao neutrosophic téng hop

130 yrli [i]— i

14: end for

15: Dgyg < Concatenate([Xyeutro ¥rl, [(Xf' Yf])

16: Dgyg < InjectNoise(Dyy,q) > Gaussian noise injection

17: Tyeutro < TrainTransformer(Dgy )

18: ¥ Predict(Tyeutros Xtest )

19: Trave Y

Két qud va théo Iugn: Trong phan nay, chung t6i str dung 06 bo dit liéu dé tién

hanh thyc nghiém va phan tich.

Tapdi | M S K | Kich | Pgc trung dauvao | Paura
||éu ban
1 GPA Semester 1 GPA
1
Semester 2
2 GPA Semester 1, GPA
HNMU2 | 551 52 88 GPA Semester 2 Semester 3
GPA Semester 1, GPA
3 GPA Semester 2, Semester 4
GPA Semester 3
2 GPA Semester 1, GPA
VNU 271 | 43 a2 GPA Semester 2 Semester 3
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GPA Semester 1, GPA
3 GPA Semester 2, Semester 4
GPA Semester 3
3 | Malaya- 493 | 4 16 |3 HSC, SSC, Last Overall
Stud
4 | Portugal- Gl, G2 G3
Math 395 |3 33 |2
5 | Portugal- 649 | 3 33 |2 Gl, G2 G3
Lang
6 Covenant First Year GPA, Fourth Year
Priv 1841 | 6 9 |3 Second Year GPA, | GPA
Third Year GPA

Kich thudc mau (M); SO lugng thude tinh lién quan dén diém s6 (S);
Tong s6 thudce tinh (k)

Trude khi tién hanh thuc nghiém, toan bg dit li¢u duoc tién xur 1y dé loai bo
cac gia tri thiéu va loai bo cac diém sb nim ngoai khoang 0—10. Sau d6, cac bo
dit liéu dugc chia thanh 80% cho tap huan luyén va 20% cho tap kiém thir. Két
qua thuc nghiém (duoc 13y trung binh qua 10 lan chay) cho thdy mé hinh
NeutroGNT ludn vuot trdi so voi tat ca cac mod hinh duoc danh gia khac.

Bdng 2.7. Bang sai 6 trung binh sau 10 lin chay thuc nghiém-Kich bdn 1

Real T Neutro T NeutroCT NeutroGNT

MSE 0.519+0.028 0.474+0.040 0.469+0.031 0.458 +0.011
MAE  0.576+0.014 0.560+0.029 0.558 +0.022 0.548 +0.010
R? -0.087+0.058  0.008 +0.085 0.017 +0.064 0.041 +0.022

Trong Bang 2.7, NeutroGNT dat MSE thap nhat (0.458 +0.011) va cai thién
12.8% R2 50 v6i Real T, nhung R? van & muc thap (0.041 + 0.022), cho thay kha
nang khai quat va giai thich dir liéu con han ché trong cac tinh huéng thuc té
nhiéu nhiéu nhu HNMU?2.




17

Bing 2.8. Bing sai sé trung binh sau 10 lan chay thuc nghi¢gm-Kich bin 2

Tap dir liéu Real T Neutro_ T NeutroCT NeutroGNT
HNMU2 MSE 0.323+0.101 0.183+0.024 0.208 £0.052 0.181+0.030
MAE 0.459+0.085 0.339+0.025 0.363+0.053 0.338+0.035
R2 0.077+0.288 0.478+0.069 0.407+0.147 0.482 +0.084
MSE 0.302+0.031 0.320+0.042 0.321+0.044 0.260 £+ 0.046
VNU MAE 0.441+0.032 0.453+0.039 0.451+0.042 0.381+0.054
R2 0.201+0.083 0.153+0.112 0.150+0.116 0.202 +0.140
Portugal- MSE 2.536+2.129 1.263+0.080 1.409+0.135 1.197+0.074
Math MAE 1.065+0.567 0.770+0.069 0.844+0.077 0.725+0.043
R2 0.505+0.415 0.754+0.016 0.725+0.026 0.767 +£0.014
Portugal- MSE 0.704 +£0.550 0.423+0.014 0.435+0.032 0.440 +0.033
Lang MAE 0.528 +0.241 0.403+0.004 0.413+0.027 0.425+0.027
R2 0.711+0.225 0.826+0.006 0.822+0.013 0.820 £0.013

Trong Kich ban 2, cac mo hinh dé xuét thé hién hiéu nang vuot trdi va on dinh trén ca 04 bd dir liéu chuan. Pac biét, mo
hinh NeutroGNT dat két qua xuat sac vé ca hai chi s6 MSE (MAE) va R2.



18

Bdng 2.9. Bang sai 0 trung binh sau 10 lin chay thwe nghiém-Kich ban 3

Tap dir liéu Real T Neutro_ T NeutroCT NeutroGNT
MSE 0.212+0.088 0.208+0.081  0.175+0.082 0.152 £ 0.025
HNMU2 MAE 0.374+0.078 0.382+0.083 0.347 £0.081 0.322 £0.029
R2 0.047+0.393 0.068+0.364  0.216 +0.367 0.319+0.111
MSE 0.119+0.037 0.109+0.041  0.121+0.061 0.088 + 0.017
VNU MAE 0.281+0.039 0.271+0.051 0.282+0.074 0.242 £ 0.026
R? 0.549+0.140 0.588+0.154 0.541+0.230 0.666 + 0.064
Malaya - MSE 0.495+0.563 0.342+0.038 0.412 +0.063 0.400 £ 0.055
Stud MAE 0505+0.249 0.434+0.025 0.485+0.048 0.473 £0.036
R2 0.788+0.241 0.854+0.016  0.824 +£0.027 0.829 +0.024
Covenant - MSE 0.023+0.001 0.022+0.001  0.023 +0.003 0.019 £ 0.002
Priv MAE 0.116+0.003 0.114+0.002 0.118+0.008 0.107 £ 0.005
R2 0.949+0.002 0.952+0.001 0.950+0.007 0.958 + 0.003
EMS 0.152£0.003  0.147+0.002  0.150 £0.009 0.138 £0.005

~ Trong s0 cac md hinh duoc danh gia, NeutroGNT noi bat nho dat dugce sur cin bang t6i wu gitta do chinh xac va

tinh 6n dinh. Trén bo dit liéu Covenant-PrivateEng, m6 hinh nay ghi nhén gia tri R? trung binh cao nhét, vuot troi rd rét so
v6i cac md hinh khac. Pang chii y, RMSE trung binh ctia NeutroGNT thp hon 0.138 so vi md hinh Real T. Hon nita,
mo hinh dat dugc RMSE nho nhét 1a 0.1342, thip hon két qua tét nhat trude day do Aderibigbe et al. (2019) bdo céo.
Ngoai ra, MSE nho nhét 12 0.018 — thap nhat trong toan bd nghién ctru, trong khi R* 16n nhat dat 96.05% da vugt qua tat
ca cac mbc chuan trude do. Cac két qua nay khang dinh hiéu qua dy bao vuot trdi va tinh uu viét cia mo hinh NeutroGNT.
2.4. Phu luc Chwong 2: Phan niy tom tit cac mo hinh GAN, CGAN va Transformer cho bai toan du doan SGPA.
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CHUONG 3: NANG CAO HIEU NANG CUA CAC MO HINH
PHAN LOAI TOT NGHIEP SOM

Chuwong ndy gidi thiéu hai mé hinh hoc sau lai LATCGAd va AWG-GC nham
ndng cao hiéu qua dy dodn tot nghiép sém trong boi canh dit liéu gido duc nhé
va mat cdn bang. LATCGAd két hop Transformer, CGAN va Adaptive Layer
Normalization (AdaLN) dé ting cuong dit liéu, 6n dinh hudn luyén va giam qua
khop, dat 96.97% accuracy va 73.66% FI-score. AWG-GC ftich hop
Autoencoder, Wasserstein GAN va Graphormer dé dong thoi hoc biéu dién, sinh
dit liéu va phan logi, dat 98.54% accuracy va 99.25% F1-score, vuot tréi so voi
cdc mé hinh co s6. Ngi dung chirong 3 diege phat trién diea trén cdc két qua trong
[CT7] va [CT8].
3.1. Giéi thiéu

Phuong phap LAGT [CT2] dé chirng minh uu thé so v6i cac md hinh truyén
thong nho két hgp GCN va Transformer trong khung ban gidm sat. Trén nén tang
d6, chuong nay tiép tuc khai thac cac tién bd ctia md hinh sinh dir lieu (CGAN,
WGAN), kién trac d6 thi (GAT, Graphormer) va Transformer dé giai quyét bai
toan dit liéu nho, mat can bang. Hai md hinh lai LATCGAd va AWG-GC dugc
dé xuét, tich hop sinh dit liéu v&i hoc sau, nang cao do chinh xac va 6n dinh trong
du doén t6t nghiép sém.
3.2. M6 hinh LATCGAd

Mo hinh nay ding CGAN dé sinh miu tong hop cho cic nhan hiém, khic
phuc mAt can bﬁng di ligu. Tap dit liéu mé rong duoc xit 1y boi Transformer
Encoder nhiam khai thic quan hé dic trung phtrc tap. AdaLN dugc tich hop trong
timg 16p Transformer dé diéu chinh chuan héa theo dic tinh dau vao, gitip giam
sai 1éch, cai thién hoi tu va han ché qua khép trén dir liéu nho.

Transformer Encode

~_

Hinh 4. 1. M6 hinh LATCGAd
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Thuit toan 3.1. LATCGAJ - Phén tich hoc tip véi Transformer, CGAN,

va Adaptive Layer Normalization

- Pau vao: Dg,q;: Dit liéu thyc c6 gén nhan

: Z : Véc—to nhiéu tiém an cho CGAN

: G: S lwong mau tong hop can sinh

. Tagarn: M0 hinh Transformer v6i Adaptive Layer Normalization
: PAu ra: Y: Cac nhan du doan

O© OO0 ~NO|UTDWDN P

10:
11:
12:

13:
14:

15:
16:
17:

: [Xy, ¥] < Preprocess(Dyeq1)

: [Gegans Degan] < Traingean ([Xr, ¥ 1, Z)
:fori = 1toG do

z;<— Sample(2)
y; « Sample Label Distribution (y;.)
Xr [i] < Gegan(2i,y;) > Sinh mau téng hop
yr il < i
end for
Dgy g+ Concatenate( [X,, yr-], [Xr, ¥¢] ) > Tap dit liéu ting cuong
Tagarn<— Train_Transformer(Dg,,4)
Y~ Predict(Tagarn, Xtest)
TravéY

Thuc nghiém duoc thyc hién trén ba bd dir liéu: HNMU1, HNMU?2 va

VNU. Dit li¢u duoc chia thanh ba phan: 60% cho huén luyén, 15% cho kiém
dinh (validation) va 25% cho kiém thtr.

Trén HNMU1, mé hinh LATCGAJ dat d6 chinh xac 95.56%, vuot qua tat ca
cac md hinh co sd. Pong thoi, cac chi s Precision (72.50%), Recall (74.78%)
va Fl-score (73.61%) déu dugc cai thién, cho thdy kha ning phan loai duong
tinh diing kh4 manh.

Trén HNMU2, LATCGAd tiép tyc dan dau vé do chinh xac (96.97%), nhung
lai kém hon so véi Decision Tree (DT) ¢ chi sd Precision va Recall, diéu nay
phan anh kha nang khai quat hoa tot nhung d6 sic nét trong viéc nhan dién chinh
xac 16p muc tiéu con han ché.

Bing 3.8. Két qua du dodn trén bd dir litu HNMU2

Method Accuracy | Precision | Recall F1-Score
DT 89.70 94.65 79.26 82.48
SVM 80.29 41.38 41.81 40.55
LR 71.74 64.57 62.25 60.46
DNN 87.05 69.32 60.92 63.75
GAT 89.05 53.52 57.95 55.16
Transformer 95.62 72,77 60.99 64.79
LATCGAd 96.97 73.26 74.09 73.66
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Trén bo dit liéu VNU, m6 hinh LATCGAd dat @6 chinh xac 87.65%, nhinh
hon so véi Decision Tree (83.95%) va Transformer chuan (86.76%).
3.3. Mé hinh AWG-GC

M® hinh AWG-GC la mft mé réng cia md hinh LATCGAG, vira ké thira cac
uu diém trong sinh dit li¢u va huan luyén, vira b sung cac thanh phan dé xir 1y
dac trung phuc tap, ) luvong nhan han ché va mdi quan h¢ da chiéu trong dit li€u
giao duc. Sau giai doan tién xir ly, dit li¢u thd duogc td chirc thanh tap mau ban
dau gdm (L + U) mau, trong d6 (X1, y1) 14 cac mau co nhin va Xy 1a cic miu
khéng nhan. Mdi miu trong tap nay c6 kich thudce n chiéu. Tap di lidu nay dugc
sir dung dé huén luyén mang no-ron Autoencoder su nham hoc biéu dién trong
khong gian tiém 4n. Pong thoi, tép (L + U) ciing duoc st dung dé huan luyén
WGAN, tir d6 sinh thém tdp mau téng hop Xg, gdbm G miu méi. Tap mé rong
(L 4+ U + G ) sau d6 dugc dwa vao bd mi hoa (encoder) ciia Autoencoder dé trich
xudt ddc trung va giam chiéu dit liéu tir n xudng m. Nhu vay, moi mau trong tip
L + U + G c6 hai dang biéu dién: mot trong khong gian gdc n chidu va mot trong
khéng gian dic trung m chidu. Dua trén khong gian dic trung két hop nay, do
thi 1an cén cia cac mau trong tap (L + U + G) dugc xdy dung bang thuat toan
KNN. Bb thi thu dugc duge dwa vao md hinh Graphormer. Vi co ché global
attention c6 trong s6 theo khoang cach dd thi, Graphormer c6 kha nang hoc hi¢u
qua mbi quan h¢ gilra cac nut, tir d6 cai thién do chinh xac trong bai toan dy doan
phén loai t6t nghiép cua sinh vién.

Raw data

XLU+G,YL-U+G

XL-Y[. Encoder Decoder

Xy

nodes

Graph with labeled

XuVr Xz, Y2

Graph with
sample set

OIEUIULIASIC]

Wasserstein
Distance

I J

Hinh 3. 1. M6 hinh AWG-GC
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Thuét toan 3.2: AWG-GC — Tich hgp Autoencoder, Wasserstein GAN va

Graphormer cho bai toin phén loai tét nghiép.

Pau vao: Dy, : Téap dit li€u co6 nhan

Dy. : Tap dir liéu chua gan nhan

m : S6 lugng miu trong Dy

n : S lwong méu trong D,

z : Kich thudc dic trung tiém an trich xut tir Autoencoder
s : S6 lwong mau tong hop duoc sinh boi WGAN

7: PAu ra: Y — Cac nhan du doan

8: [X},y.] « Preprocess(D;)
9: Xy« Preprocess(Dy)

10:
: Z1, < Encode(X}), Zy < Encode(Xy)
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24.
25:

11

Train Autoencoder on X; U Xy

[G, C] < TrainWGAN(X,, y;.)
fori = 1tosdo
z; < SampleNoise()
y;<— SampleLabel(y,)
X" — Gz, y1)
Ds —Ds U (x/", y1)
end for
Dall «— DL V) DU V) DS
Zay < Encode(Dgy)
Feombinea < Concatenate(Xqy, Zay)
Gynn «— ConstructGraph(F, combined)
Train Graphormer on (Gnn, Vi)
Y « Predict(Graphormer, Xo¢)

TraveY

Luén &n st dung ba bd dit li€u thuc te, gom HNMU2, VNU, va SATDAP, dé
danh gia hiéu ning ctia mé hinh d& xuit. B dit liéu SATDAP (Bd Dao Nha) bao
gém 4.424 ban ghi véi 36 dac trung. Cac bo dir liéu HNMU2 va VNU duoc chia
thanh ba tap: huan luyén (60%), kiém dinh (15%), va kiém tra (25%). B6 dit liéu
SATDAP ciing dugc chia thanh ba tap: hun luyén (65%), kiém dinh (15%), va

kiém tra (20%).
Biang 3.10: Két qua du doan cho tip HNMU2
Mb hinh Accuracy Precision Recall F1-Score
KNN 80.29 40.68 4158  40.59
RF 95.62 47.79 4831  48.34
Transformer 95.62 72.77 60.99 64.79
GAT 89.05 53.52 5795 55.16

Graphomer 97.08 73.45 7397  73.67
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AutoGAT 93.43 59.84 59.74  59.74
AWG_GAT 97.08 98.50 86.41  90.37
AWG-GC 98.54 99.25 99.25  99.25
Két qua dy doan trén bd dir liéu VNU cho thay m6 hinh AWG-GC lién tuc
vuot troi hon tit ca cac phuong phap khac trén toan bo cac thude do danh gid.
Bang 3.11: Két qua du doan cho tip VNU

M6 hinh Accuracy Precision Recall F1-Score
KNN 86.76 51.45 5498 53.12
RF 82.35 54.03 46.91  49.39
Transformer  86.76 69.72 71.73  70.72
GAT 80.88 51.60 50.52  51.00
Graphomer 88.24 80.11 63.93 64.97
AutoGAT 85.29 74.50 58.59  53.96
AWG-GAT  89.71 70.95 9598 78.64
AWG-GC 94.12 81.67 97.70  88.17

‘ Két qua trén bo dir lieu SATDAP cho thay mé hinh AWG-GC dat hi€u nang
t6ng thé cao nhét trén tit ca cac thude do danh gia. Cu thé, AWG-GC vuot troi
hon mé hinh XGBoost ciia Martins et al. (2021) v6i mirc cai thién 8.81% vé do
chinh x4c va 9.21% vé Fl-score. So sanh nay nhén manh hon nita tinh vu viét
cua AWG-GC, khong chi ¢ kha nang dy doan chinh x4c ma con & hi€u nang
phan loai can bang giita cac 16p.

Biang 3.12: Két qua du doan cho tip SATDAP

M6 hinh Accuracy Precision Recall F1-Score
KNN 66.67 57.66 54.73 55.35

RF 79.32 70.78 68.65 69.37
Transformer 80.34 71.87 70.99 71.34
Graphomer 80.79 74.08 70.30 71.67
AWG-GC 81.81 74.74 73.89 74.21
XGBoost 73.00 - - 65.00
(Martin et al.,

2021)

Kién triic Graphormer cho phép mo hinh nam bat tot hon cau trac tiém an cua
dir liéu gido duc, ddng thoi xir Iy hiu qua cac thach thirc nhu kich thudc mau
nho va mét can bang 16p.

3.4. Phu luc Chwong 3: Phin nay gidi thiéu vé Wasserstein GANs (WGAN) va
Graphormer nham cung cap co s 1y thuyét cho viéc tich hop ching vao mé hinh
de xuat.
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KET LUAN VA HUONG PHAT TRIEN
A. Nhirng déng gop chinh ciia luian an

Luén 4n nay da giai quyét bai toan dy doan két qua hoc tip cua sinh vién
trong diéu kién khong chic chin, thiéu hut dit liéu va mat can béng 16p, von dic
trung cho cac moi truong gido duc thuc tién.

Trudce hét, ddi v6i du doan SGPA nge‘in han, luan 4n da d& xuét hai mé hinh
NeutroDL va NeutroGNT, tich hop hoc sau véi Iy thuyét neutrosophic nham xtr
ly dit liéu thiéu va khong chic chan. Két qua thuc nghiém khang dinh tinh hiéu
qua, trong d6 NeutroGNT dat MSE = 0.018 va R?=96.05%, vuot trdi hon so voi
cac mo hinh truyén thong, dong thoi hd tro giam sat kip thoi, can thiép som va
ca nhan hoa hoc tap.

Tiép nbi, nghién ctiru mé rong sang du doan phan loai tbt nghiép dai han, voi
hai md hinh lai dugc dé xudt: LATCGA, dat d¢ chinh xac 96.97% va F1-score
73.66%; va AWG-GC, dat d6 chinh xac 98.54% va Fl-score 99.25%. Cac két
qua nay vuot trdi so voi cac mo hinh ddi sanh, ching minh wu thé cua viéc két
hop kién trac sinh dit liéu va mang dya trén dd thi trong bdi canh dir lidu giao
duc mat can bang.

Tém lai, ludn 4n dong gop & ba khia canh chinh: (i) Xay dung cac khung mo
hinh hoc sdu tich hop yéu t& bt dinh cho du doan SGPA. (ii) Thiét ké cac mo
hinh lai cho bai toan phan loai tot nghiép trong diéu kién dit liéu nho va mat can
bang. (iii) Phat trién bo dir liéu mé rong va quy trinh phan tich phuc vu ing dung
trong giao duc.

Nhing dong gop nay cung cp cong cu thyuc tién nham hd tro ra quyét dinh
thich ing, thong minh va dua trén dit li¢u trong gido duc dai hoc.

B. Huéng nghién ciru tiép theo

Dua trén cac két qua dat duoc, luan an dé xuit mot sb hudng nghién ciu
tiém nang:

1. Mé rong muc tiéu du doan sang cac khia canh khac nhu: nguy co bo
hoc, kha nang hoan thanh chuong trinh, mirc d6 hai long mén hoc, va dinh huéng
nghé nghiép, nham cung cap birc tranh toan dién hon vé hanh trinh hoc tép cta
sinh vién.

2. Ung dung hoc ting cudng va hoc khong giam sat, két hop véi cac ky
thuét Al c6 kha nang giai thich (XAI), dé vira ca nhan hoa 16 trinh hoc tap, vua
cung cép can cir minh bach giup giang vién va nha quan 1y tin tuéng hon vao
quyét dinh can thiép som.

3. Khai thac hoc lién két (Federated Learning) va hoc chuyén giao
(Transfer Learning) dé xay dung cac mo hinh vira dam bao hiéu qua, kha ning
tong quat hoa, vira duy tri quyén riéng tu dir liéu giira cc co so dao tao.

4. Phat trién hé thong Phén tich hoc tip (Learning Analytics) truc tuyén
dwa trén cac mo hinh dé xuat, tich hop XAI dé hd tro gii thich tryc quan va cung
cap cac khuyén nghi theo thoi gian thuc cho cé sinh vién va giang vién.



DANH MUC CONG TRINH CONG BO

[CT1]. Son, N. T. K., Bien, N. V., Quynh, N. H., and Tho, C. C. (2022).
Machine learning-based admission data processing for early forecasting of
students’ learning outcomes. International Journal of Data Warehousing and
Mining, 18(1). (SCIE). https://www.igi-global.com/gateway/article/313585

[CT2]. Son, N. T. K., Quynh, N. H., and Minh, B. T. (2024). Early
prediction of students’ graduation rank using LAGT: Enhancing accuracy with
GCN and Transformer. Journal of Computer Science and Cybernetics, 40(4),
299-314. https://doi.org/10.15625/1813-9663/21095

[CT3].Son,N. T.K.,Hoa, N. H., Trang, H. T. T., and Ngan, T. Q. (2024).
Introducing a cutting-edge dataset: Revealing key factors in student academic
outcomes and learning processes. VNU Journal of Science: Education Research,
40(4). https://js.vnu.edu.vn/ER/article/view/5157.

[CT4]. Vinh, T. D,, Son, N. T. K., and Diep, L. N. (2025). Dataset of
factors affecting learning outcomes of students at the University of Education,
Vietnam National University, Hanoi. Data in Brief, 59, 111438. (ESCI).
https://doi.org/10.1016/j.dib.2025.111438

[CT5]. Son, N. T. K., Dat, B. V., Hoa, N. H., and Trang, H. T. T. (2025).
Hybrid artificial intelligence models incorporating neutrosophy for predicting
student outcomes. Lecture Notes in Networks and Systems. (Accepted; Scopus).

[CT6]. Son, N. T. K., Thong, N. T., and Quynh, N. H. (2025).
Neutrosophy-driven deep learning for predicting student performance.
Neutrosophic Sets and Systems, Volume 87 (2025). (Scopus).

[CT7].Son,N. T. K., Quynh, N. H.,and Minh, B. T. (2025). Refining graduation
classification accuracy with synergistic deep learning models. Cybernetics and
Information Technologies, Volume 25, No 2, 2025. (Scopus, ESCI).

[CT8]. Son, N. T. K., Vinh, T. D., Quynh, N. H., Tao, N. Q., Hop, D. T.,
and Minh, B. T. (2025). Enhancing student graduation prediction with integrated
deep learning under data constraints. Data Intelligence. (Accepted; In proof,
Scopus, ESCI).



https://www.igi-global.com/gateway/article/313585
https://doi.org/10.15625/1813-9663/21095
https://js.vnu.edu.vn/ER/article/view/5157
https://doi.org/10.1016/j.dib.2025.111438

