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Tém tit: Tri tué nhan tao dang tro thanh cong cu manh mé trong viéc dinh hinh trai
nghiém hoc tap ca nhdn hoa, ddc biét thong qua cac moé hinh truy vét va duw dodn trang thai
tri thitc ciia ngwoi hoc theo thoi gian. Trong s6 d6, mé hinh SAINT (Separated Attention-
based Knowledge Tracing) dat do chinh xac cao nho khai thac cac dac trung thoi gian nhuw
thoi lwong lam bai va khodng cdch gitka cdc lan phdan hoi. Tuy nhién, tinh chat quyét dinh
khéng minh bach ciia mé hinh ndy dat ra thach thirc doi véi cac nha gido duc trong viéc tim
kiém si dién gidi va niém tin vao hé thong AL Nghién ciru ndy phdn tich khd nang gidi thich
cia co ché chii y theo thoi gian trong SAINT, sit dung bé div liéu quy mé 1ém EdNet véi hon
130 triéu twong tdc tir hoc sinh trong nhiéu méi truong hoc tdp khdc nhau. Ching t6i tdp
trung vao cdch cdc dong liee thoi gian anh hiedng dén chat lwong dir dodn, dong thoi truc
quan héa trong sé chii ¥ dé dién gidi cdch cdc mau hanh vi theo thoi gian dinh hinh mé hinh
héa nguoi hoc. Két qua cho thdy viéc mé hinh héa thoi gian mét cach minh bach khéng chi
cdi thién hiéu suat dw doan ma con thiic dcfy niém tin va sy tuong thich voi truc gidc sw pham.
Céng trinh ndy ddc biét ¢é y nghia doi véi cdc nha gido duc tai cac khu viee thiéu nguon e
nhie Viét Nam, noi cdac céng cu AI ¢6 tinh gidi thich va dé tiép cdn cé thé gop phan thic ddy
gido duc cd nhdn héa mét cach cong bang va kha thi hon.

Tir khoa: SAINT+, Ednet, ca nhdn hoa hoc tdp, knowledget tracing

I. Pit van dé cua tung nguoi hoc. Mot trong nhiing co
cang tai cau tric hé thdng giao duc thong 1a truy vét tri thac (Knowledge Tracing
qua viéc tao ra cac moi truong hoc tap ca - KT), m6 hinh hoéa qua trinh hiéu biét
nhan héa, phi hgp v6i nhu ciu riéng biét tién trién cua nguoi hoc bang cach phan

'Truong Pai hoc Mo TP HCM



550

tich lich st tuong tac cua ho véi tai liéu
hoc tép.

Cac md hinh dua trén kién tric
Transformer da chirng minh hi¢u qua vuot
trdi trong linh vuc nay, dic biét la mo
hinh SAINT (Separated Attention-based
Knowledge Tracing), von str dung co ché
cha ¥ kép dé xur 1y riéng biét chudi ciu
hoi va chudi phan hoi (Choi et al., 2020).
Phién ban ké tiép, SAINT, tich hop thém
cac dac trung thoi gian nhu thoi lugng
thuc hién nhi¢ém vu va khodng cach gitra
cac cau hoi, tir d6 nang cao d chinh xac
trong du doan (Shin et al., 2020).

Mic du cac mo hinh nay dat hi¢u
suét cao, mot han ché quan trong van tdn
tai: thiéu kha nang dién giai. Cac co ché
phirc tap dang sau trong s6 chu y, dic biét
1a nhitng yéu té lién quan dén dong luc
thoi gian, van con md mit ddi v6i cac nha
gi4o duc va nha hoach dinh chinh sach. Tai
cac khu vuc nhu Vi¢t Nam, noi cong nghé
gido duc dang phat trién nhanh nhung van
con thiéu thon vé ha tang, Al c6 kha ning
dién giai dong vai trd then chdt trong viéc
xdy dung niém tin va dinh hudng trién
khai co trach nhiém.

Nghién ctu ndy hudng dén viéc
phan tich va tryc quan héa co ché cha ¥
theo thoi gian trong mo hinh SAINTH, sir
dung bd dir liéu EdNet quy mo 16n. Mac
du dir liéu khong xuit phat tir Viét Nam,
cac dic diém hanh vi hoc tap dugc ghi
nhan c6 thé cung cap nhimg goi y ¢o gia
tri cho cac hé théng giao duc dang trong
qué trinh chuyén d6i sd. Cu thé, chung t6i
khao sat cach cac dac trung nhay cam voi
thoi gian anh huéng dén chit luong du
doan, va cach viéc dién giai phan bd chu y
c6 thé 1am cho qua trinh ca nhan hoa dya
trén Al tr& nén minh bach hon. Bang cach
két hop giita phan tich k¥ thuat va y nghia

su pham, nghién ctru nay dong goép vao
viéc phat trién cac mo hinh hoc tap c6 kha
nang dién giai, huéng dén kha ning trién
khai thuc té trong cac méi truong gido duc
dang phat trién.

II. Co s& 1y thuyét

Hoc tap cd nhan hoa qua tri tu¢ nhan
tao dang tr& thanh xu hudng chuyén doi
trong gido duc hién dai. Bang cach thich
mg voi hanh vi va hiéu sut cia timg
ngudi hoc, cac hé théng Al giup nang cao
két qua hoc tap va hiéu qua giang day. Mot
ky thuat ¢t 161 trong cac hé thong nay 1a
KT, nhim uéc lugng trang thai tri thic
hién tai va dyu doan hiéu suét twong lai dya
trén lich st twong téac.

KT da phat trién tir cac md hinh
thong ké ¢ kha ning dién giai sang cac
kién tric hoc sau phuc tap, phan anh xu
hudng biéu dién thong tin phong phu va
mo hinh héa hanh vi linh hoat. Pac biét,
viée tich hop dic trung thoi gian va co ché
chu y gitip m6 hinh nhu SAINT+ tr¢ nén
chinh xac hon va c6 tiém ning tGng dung
thuc tién trong gido duc, dac biét tai Viét
Nam.

2.1. M6 hinh truy vét tri thirc

Truy vét tri thire 13 k¥ thuat du doan
xac suat ngudi hoc tra 101 ding mot bai tap
dua trén chudi tuong tac trude d6. Cac mod
hinh KT ban dau thudng mang tinh xéac
sudt co cdu tric, gitp theo ddi trang thai tri
thirc & cAp d6 khai niém. Du dé dién giai,
chung gip han ché khi xur Iy hanh vi phirc
tap va yéu td thoi gian nhu d6 tré phan hoi
hay su thay ddi trong qué trinh hoc. Cong
thirc KT co ban duoc biéu dién dudi dang:

Ple=1l,1,...1 . E]

Trong do c€1{0,1} 1a két qua chinh
xac O thoi diém hién tai, Mdi twong tac

I ,=(E,R) gdm thong tin bai tap va phan



hdi cta nguoi hoc , kém theo siéu dit liéu
nhu loai bai tap, do chinh xéc, thoi gian
phan hoi va khoang cach giira cac lan
twong tac. Dudi day 1a tong quan ngin gon
vé mot s6 phuong phap KT tiéu biéu da
gdp phan dinh hinh linh vyc nay.

2.1.1. Cic mé hinh truyén thong

® Bayesian ~ Knowledge Tracing
(BKT) mo6 hinh hoéa trang thai tri thuc cta
nguoi hoc nhu mot bién 4n, va cap nhat
niém tin dua trén do chinh xéac cua phan
hdi. M6 hinh nay st dung cac tham s6 cb
dinh nhu toc d6 hoc va tde do quén, nhung
khong thich g tot v6i 19 trinh hoc tap ca
nhan hoa.

e Learning Factors Analysis (LFA)
ap dung hodi quy logistic dé udc luong anh
hudng cua cac yéu t6 khac nhau dén hiéu
suét hoc tap, bao gém do kho cua khai
niém va s6 1an thtr trude d6. Phuong phap
nay cai thién tinh linh hoat cua tham )
trong khi van giit dugc kha ning dién gii.

e Performance Factors Analysis
(PFA hodc LPA) phat trién tir LFA bang
cach phan biét giita phan hdi dung va sai
nhim mé hinh hoéa qué trinh tién bo cua
nguoi hoc mét cach chinh xac hon. Mac
di hidu qua trén cac b dit liéu co ciu truc,
cac md hinh nay bi gidi han boi kha nang
xtr Iy dir liéu quy mo 16n va co tinh thoi
gian chi tiét.

2.1.2. Cac phwong phap hoc sau

e Deep Knowledge Tracing (DKT)
st dung mang no-ron hoi tiép (RNN)
dé m6 hinh hoa chudi tuong tac hoc tap.
Phuong phap nay mang lai kha nang du
doan manh m& hon nhung danh d6i kha
ning dién giai.

e Self-Attentive Knowledge Tracing
(SAKT) thay thé RNN bang kién tric
Transformer va sir dung co ché tu cha y

551

dé danh trong s6 cho cac bai tap trude khi
dy doén hiéu suat hién tai, tir d6 cdi thién
kha ndng m& rdng va d¢ nhay ngtr canh.

e Separated Attention-based
Knowledge Tracing (SAINT) ning cip
SAKT bang cach b sung hai ludng cht
¥ riéng biét mot cho biéu dién ciu hoi va
mot cho biéu din phan hdi cho phép mo
hinh hoa qua trinh hoc tap mot cach biéu
cam hon.

e SAINT+ la phién ban tinh chinh
cua SAINT, tich hgp thém céac dac trung
thoi gian nhu thoi gian da troi qua, thoi
luong phién hoc, va khoang cach gitra cac
muc hoc tap. Nhiing cai tién nay gitip ting
dang ké do chinh xac du doan bang cach
1am cho co ché chd ¥ tré nén nhay cam véi
yéu to thoi gian.

Nghién cru nay ké thira mé hinh
SAINT+, véi trong tam dac biét vao co ché
chu y theo thoi gian, nham kham pha cach
cac dic trung nay co thé duoc dién giai va
truc quan hoa dé thic day tinh minh bach
va su hiéu biét trong mdi trudng gido duc.

2.2. Dong luc thoi gian trong gido duc

Pong luc thoi gian trong gido duc
1a tap hop cac yéu td lién quan dén thoi
gian bao gom thoi gian thyc hién nhiém
vu, khoang cach gitra cac su kién hoc tap,
d6 tré phan hoi, va thoi lugng phién hoc
¢6 anh hudng tryc tiép dén qua trinh tiép
nhan, ghi nh¢ va duy tri tri thie cua nguoi
hoc. Khai ni¢m nay phan anh cach thoi
gian tac dong dén nhan thic, hanh vi hoc
tap va hiéu suit hoc tip trong mdi truong
gido duc.

2.2.1. Cac Iy thuyét nhdn thirc va
hanh vi

Nhiéu nghién ctru di chi ra rang cac
bién s6 lién quan dén thoi gian dong vai
trd quan trong trong cach nguoi hoc xu
Iy va ghi nhé thong tin. Vi du, hiéu Uing
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gidn cach (spacing effect) cho thay viéc
phan bo thoi gian hoc tap hop 1y theo timg
giai doan giup cai thi¢n kha nang ghi nhé
dai han so v6i phuong phap hoc don hoic
nhdi nhét (Carpenter et al., 2012; Santoro,
2021). Hién tugng nay, lan dau tién duoc
quan sat boi Ebbinghaus va sau do duogc
xac nhan qua hang tram nghién ctu, giap
ting cudng qué trinh ma hoa va truy xuat
thong tin trong nao bg.

Bén canh d6, 1y thuyét suy giam tri
nhé (memory decay theory) cho rang thong
tin s& dan mét di theo thoi gian néu khong
dugc cing ¢ thong qua viéc 6n tip hodc
truy xudt (Teschner, 2024; Ebbinghaus,
1913). Sy x61 mon ty nhién cua dau vét tri
nhé nay duoc ghi nhan trong ca hé thong
tri nho ngén han va dai han.

Thoi gian thyc hién nhi€ém vu (time-
on-task) turc khoang thoi gian nguoi hoc
danh dé tap trung vao mdt nhiém vu cu thé
lién quan mat thiét dén mirc d6 nd luc nhan
thire va sy cht y. Thot gian thuc hién dai
hon ¢6 thé phan anh qua trinh xir 1y siu hon,
nhung ciing ¢6 thé 13 ddu hiéu cua su bdi réi
hodc mét moi tiy theo ngtr canh (Leppink &
Pérez-Fuster, 2019; Lee, 2019).

2.2.2. Y nghia trong gido duc

Trong bbi canh truy vét tri thuc,
dong luc thoi gian khong chi 1a mot khai
niém 1y thuyét ma con dong vai tro thiét
thuc trong viéc xay dung ciac dic trung
dau vao cho mé hinh SAINT+. Céc ly
thuyét nhan thirc nhu hiéu tng gidn cach
(spacing effect), suy giam tri nhé (memory
decay), va thoi gian thyc hién nhiém vy
(time-on-task) duoc chuyén hoa thanh cac
dac trung dinh lugng nhim mé hinh hoa
tién trinh hoc tap ctia nguoi hoc.

e Spacing effect dugc phan anh
qua dic trung khoang cach giita cac l1an
tuong tac hodc do tré gitta cac cau hoi. Mo
hinh sir dung thong tin nay dé danh gia
kha ning ghi nhé dai han, gia dinh rang
khoang cach hop 1y gitta cac 1an hoc s& cai
thién do chinh xac du doan.

e Memory decay theory dugc tich
hop thong qua dac trung thoi gian da troi
qua ké tir lan tuong tac trude d6. Mo hinh
gia dinh rang néu khoang thoi glan qua dai
ma khong c6 su ciing ¢d, xac suit tra loi
dung s& giam, tir d6 diéu chinh trong s6
trong qua trinh du doan.

e Time-on-task duoc st dung nhu
mot chi bao vé mac dd nd lyc nhén thuce.
Thoi gian lam bai dai hon c6 thé phan
anh sy tap trung cao hodc su bdi 164, tuy
theo ngt canh. M6 hinh SAINT+ str dung
dic trung nay dé diéu chinh muc d6 chu
¥ (attention) trong qué trinh ma hoa phan
héi ctia nguoi hoc.

Vigc tich hop cac dac trung nay khong
chi gitip mo6 hinh phéan anh sat thuc hanh vi
hoc tdp ma con tao ra cac dy doan mang tinh
ca nhan hoa va nhay cam véi ngtr canh. Day
14 cau ndi gitra 1y thuyét tim 1y hoc va md
hinh héa AI, gbp phan nang cao gia tri su
pham cua hé thong truy vét tri thirc.

II1. Phwong phap nghién citru

3.1. Tong quan vé bj div liéu

Nghién ctru nay su dung bo dir liu
Riiid Education, ban dau dugc cong bd
trong khuon khd mét cude thi du doan cau
tra 161 quy mé 16n. B dit liéu bao gom ba
thanh phan chinh: train.csv, questions.csv,
va lectures.csv. Mdi tép cung cap thong tin
riéng biét nhung bo tro 1dn nhau trong viéc
mo hinh hoa tuong tac gitra nguoi hoc va
hé thdng, nhur dugc trinh bay trong Bang 1.

Céu tric phan cap cua EdNet. Bo dir
liéu géc EdNet duge t6 chtic theo bon cép
do triru tuong: KT1, KT2, KT3 va KT4.
Mbi cap do bd sung mirc do chi tiét cao
hon vé tuong tac ciia ngudi hoc:

e KT1: Nhat ky cau hoi-phan hdi co
ban (thoi gian, ma cau héi, cau tra 101 cua
nguoi dung, thoi gian thuc hién).

e KT2: Nhat ky hanh dong (vao bai,
phan h01 nop bal) kém theo siéu dir li¢u
vé ngudn va nén tang sir dung.



e KT3: Bao gém cac hoat dong hoc
tap nhu doc 101 gidi va xem bai giang.

e KT4: Nhat ky tuong tac day du, bao
gom sy kién giao dién ngudi ding, dicu
khién phuong ti¢n va hanh vi thanh toan.

Phién ban duoc s dung trong
nghién clru nay tuong Ung gan nhat voi
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cap do KT1, tap trung vao cac tuong tac
co ban gilra nguoi hoc va cau hoi. Mac du
bo dit liéu duoc cong bd cong khai thong
qua nén tang thi d4u khoa hoc dit liéu, cac
budc xac thuc va tién xtr Iy bo sung da
duoc thuc hién nham dam bao do tin cay
va tinh phu hop véi bdi canh nghién ciru.

Béang 1. N§i dung chinh cta bd dir liéu va céac cdt chinh

Dataset Cot dir liéu

Tac dung trong mo hinh

User_id, content id, timestamp,
Train prior_question elapsed_time,
Answered_correctly

Luu nhat ky tuong tac chinh. Pugc st dung dé xay dung chudi
dAu vao cho timg nguoi hoc. Cac dac trung thoi gian duge trich
xudt tir du thoi gian. Muc tiéu du doan 1a do chinh x4c ciia
answered correctly.

Question_id, bundle id,

Questions
correct_answer, tags

Cung cép dit liéu cho timg cau hoi. Cac thé (tags) ma hoa dac
trung vé muc do ky nang. Pap an ding (correct_answer) dugc
st dung dé loc va xac thyc dir ligu.

Lectures | lecture id, tag, part

Chtra ndi dung hoc tap bo tro. Khong duoc sir dung trong qua
trinh huan luyén SAINT+, nhung ¢6 thé hitu ich cho cac mé
rong da phuong thirc trong tuong lai.

3.2. Khai pha dir liéu (Exploratory
Data Analysis -EDA)

Trude khi xay dung va huan luyén
mo hinh SAINT+, viéc kham pha dir liéu
dong vai tro quan trong trong viéc hiéu
rd cu trac, dic diém va hanh vi tiém an
trong by dir licu EdNet. Phan tich EDA
gitip 1am 3 cac yéu t6 nhu phan phdi thoi
gian phan hoi, d tré giita cac twong tac,
tan suat k§ ning, va xu huéng tra 101 dung/
sai cua nguoi hoc. Nhitng truc quan hoa
nay khong chi hd tro tién xir Iy dit liéu ma
con cung cip bang chung thyc nghiém
cho viéc tich hop céc dac trung thoi gian
vao mo hinh truy vét tri thirc. Qua do,
EDA dong vai tro nén tang trong viéc két
ndi dir liéu thue t€ véi kién triic SAINT+
va dinh hudng cai tién mé hinh trong bdi
canh gido duc Vi¢t Nam.

3.2.1. Dit liéu tap Train

Biéu do phan phéi timestamp & Hinh
1 thé hién khoang thoi gian (tinh bang mili
gidy) gitta moi twong tac ctia nguoi hoc va
su kién dau tién cta ho trén nén tang. Dur

liéu cho thdy phan 16n ngudi dung tuong
tac trong giai doan dau, v4i mat do cao &
cac gia tri timestamp thap. Diéu nay phan
anh rang da s6 ngudi hoc chwa hoat dong
lau trén hé thong tai thoi diém ghi nhan.
Viéc loc theo timestamp = 0 xac nhan
rang chung ta c6 lich str day du cho tat ca
393,656 ngudi dung trong tap huan luyén,
v6i mdi nguoi déu c6 mot dong timestamp
béng 0 dai dién cho lan tuong tac dau tién.

107 bigu dé cda gia tr| timestamp

10 T 20 25 x

o 5
thén glan (thing) mi ngui ding tuong tdc cho dén khi hoan thinh sy kign dé

Hinh 1: Biéu d6 gié tri Timestamp
Bién answered_correctly 13 muyc tiéu
du doan chinh trong mo hinh SAINTH,
phan anh viéc nguoi hoc tra 101 dung (1)
hodc sai (0) cho tung cau héi (Hinh 2).
Khi loai bo cac tuong tac dang bai giang
(gié tri -1), dit liéu cho thay khoang 1/3 sb
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cau hoi dugc tra 10i sai, cho thay d6 kho
twrong dbi cua bai tap trong EdNet.

Biéu d6 thr hai cua Hinh 2 phén tich
moi quan hé giita timestamp va answered
correctly bang cach chia di liéu thanh 5
nhom thoi gian. Két qua cho thiy nguoi
hoc méi dang ky gan ddy co ty 16 tra 1oi

Cau hoi dugc tra |6i (1: dang, 0: sai)

0 34,026,67

1 65,244,627
0 1 2 3 4 5 6

1e7

dung thap hon so v&i nhirng ngudi hoat
dong 1au hon trén nén tang. Mic du xu
hudng nay khong qué rd rét, né goi ¥ rang
thoi gian hoat dong c6 thé lién quan dén
muc do thanh thao, tir d6 hd tro viée tich
hop dac trung thoi gian vao mo hinh truy
vét tri thic.

phén tram tra I&i dang cia 5 moc thai gian

0.67
0.6 :
0.5
04
0.3
0.2
0.1
MoC_a MoC_S

Hinh 2: S liéu vé cdu hoi trong tap train

Hai biéu d6 scatter (Hinh 3) cho
thdy mdi quan hé giita s6 luong ciu hoi
va ty 1€ tra 161 dung, xét theo ting nguoi
hoc va tung ndi dung cau hoéi. Vi nguoi
hoc (user id), xu hudng chung la ty 1€ tra
101 dung tang theo s lwong cau hoi da
thuc hién, du van c6 su bién dong 16n &
nhém it twong tac. Nguoc lai, voi cau hoi

Sa:f}terplot % tra loi ddng vai cau hoi dugc tra loi (user id)
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(content_id), ty I¢ tra 101 ding ¢6 xu hudng
giam nhe khi s6 luot twong tac ting, goi ¥
rang cac cau hoi phd bién co thé kho hon
hodc mang tinh phan loai cao hon. Nhiing
quan sat nay giap lam rd su da dang trong
hanh vi hoc tap va do khoé noi dung, tir do
hd trg viéc thiét ké mé hinh truy vét tri
thirc hi€u qua hon.

Scatterplot % tra l6i ding vai cau héi dugc tra 16i (content_id)
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Hinh 3: Scatterplot ty 1¢ tra 15i ding véi mdi cau hoi dugce tra 1oi

Phan tich bién prior question had
explanation (Hinh 4) cho thiy ty 18 tra 10
ding cao hon khoang 17% khi ngudi hoc
dugc cung cap 10i giai thich trude d6. Piéu
nay cho thiy viéc c6 10i giai thich dong vai
trd hd trg o rét trong qua trinh hoc. Mic

di phan 16n cau hoi déu co 10i giai thich di
kém, vi¢c khong c6 101 gidi nén dugc xem
1a mot bat loi tiém tang. Pang chu ¥, cac
gia tri thiéu (missing) ctia bién nay co ty 16
tra 101 diing gan v6i nhom c6 161 giai thich,
cho thay kha ning dit liéu bi thiéu chu yéu



dén tir cac twong tac von co 10i giai nhung
khong dugc ghi nhan day du.

% chu hai duge trd 16l dang khi cu hdi trude duge Iy gidl
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Hinh 4: Biéu d6 ty 1é cau hoi duogc tra 10
dang khi dugc ly giai

3.2.2. Dit liéu tdp Questions

Phén tich s6 lwong cau hoi va ty 18
tra 101 ding theo tirng phan (part) cho thay
su phan b6 khong dong déu gitta cac nhom
noi dung (Hinh 5). Bang cht y, Part 5 co
s6 luong cau hoi 16n nhat nhung dong thoi
cling ghi nhén ty 18 tra 101 dtng thip nhit,
phan anh muc do kho cao hon so véi cac
phan con lai. Quan sat ndy goi ¥ rang viéc
gan thé ky ning theo part c6 thé hd tro mo
hinh héa d¢ kho va hanh vi hoc tap trong
truy vét tri thirc.

56 lugng cia timg phan

3000

2000

m-..-
3= e 3 o

o

[ 7

Phin

Phén trém tra lai ding theo timg phén

a
i 1 ] 3 ] 5 [ ]
Phin

Hinh 5: Biéu d6 cau truc chung cua b
cau hoi dir liu

2

3.2.3. Dy liéu tap Lectures
Loai bai gidng
222
186
I 7 3
concept solving question intention starter
Loai

8 & 8
8 3 8

S6 lugng theo timg lecture_id

8

o

Hinh 6: Biéu d6 vé loai bai giang

555

Phan tich dir li¢u bai giang (Hinh 6)
cho thay c6 téng cong 418 lecture id, véi
cac loai bai giang (type_of) dugc phan b
theo nhiéu nhom ndi dung khac nhau.

Mic du sé lwong bai giang khéng 16n
s0 véi cau hoi, biéu dd ¢ Hinh 7 cho thay
viéc nguoi hoc xem bai gidang c6 anh huong
tich cuc rd rét dén ty 1€ tra 101 dung. biéu
nay cho thay vai trd hd trg ctia bai giang
trong viéc ciing cb kién thirc va cai thién
hiéu suét hoc tap, tu do goi y réng hanh vi
xem bai giang nén dugc dua vao moé hinh
truy vét tri thirc nhu mot déc trung bd sung.

Phén tram tra Ioi ding khi nguii hoo xem bai giang

7
H H

MNguin hoc xem it nhat 1 bai gidng

a1 0z 3] o6 o7

m:jmm tri Ia?';ung
Hinh 7: Biéu db ty 1¢ tra 16i dting khi
nguoi hoc xem bai giang
3.3. Tong quan mé hinh

3.3.1. Co ché dpng luc thoi gian

Pé nang cao nang lyc dy doan,
SAINT+ tich hop céac tin hi¢u thoi gian
duoc trich xut tir nhat ky hoat dong cua
ngudi hoc. Cu thé, mé hinh ma héa hai
dac trung lién tuc (Hinh 8): thoi gian thuc
hién moi cau hoi (elapsed time) va do tré
giita cac phan hoi lién tiép (time lag). Cac
gia tri nay dugc phan loai thanh cac nhom
(bucket) va anh xa thanh céac vector nhiing
thoi gian thong qua bang tra hoc dugc.

Céc vector nhung thoi gian nay dugc
cdng vao cac vector nhung dac trung phan
loai tuong tmg, va anh hudng truc tiép dén
trong s6 chii ¥ trong ca bd mi hoa (encoder)
va bd giai ma (decoder). Bang cach tép trung
vao cac mau hanh vi nhay cam véi thoi gian
chﬁng han nhu sy do du kéo dai hoac phan
héi qua nhanh mé hinh ¢6 thé nim bit cac
trang thai nhan thurc tiém 4n, von rat quan
trong trong viéc mo hinh hoa ngudi hoc.
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Begin Exverclge 1

End of Exercise 1

Lag Time 1=ty -t

Studernt

Hinh 8: Bién d6 thoi gian ctia thoi gian phai hoi va do tré

Nghién ctru nay phan tich cach céc
thanh phan thoi gian anh huong dén do
chinh x4c du doan va kha ning dién giai,
thong qua cac k¥ thuat truc quan hoa dugc
trinh bay trong Muc 4.

3.3.2. Kién triic SAINT+

Trong phan nay, chiing t6i trinh bay
tom tat vé SAINT+, mot mo hinh truy vét
tri thac dua trén kién trac Transformer
duogc diéu chinh chuyén biét cho gido duc
ca nhan hoa (Choi et al., 2020). SAINT+
st dung kién trac hai ludng gdm bo ma
hoa va bo giai md, nham tach biét chudi
tuong tac ctia ngudi hoc thanh hai phan:
chudi bai tap va chudi phan hoi.

B6 mi héa nhan chudi embedding
bai tap:

Ec = [Ee1,Ee,...,Ee]
va tao ra chudi dau ra:
Oen€ = [Oen€1,0enC2,...,OcnCt]
B giai ma nhan chudi phan héi da dich:
Re = [Se,Rel,Rez,...,Ret—l]

trong do S. 1a embedding cua token
bat dau. Muc tiéu ciia mo hinh 1a dy doan
xac sudt ngudi hoc tra 11 dung tai thoi
diém t, dugc biéu dién dudi dang:

P(Ct =1 | Et,Il,IZ,...,Irl)

Thanh phan c6t 16i cia SAINT+ la
16p attention da dau. Véi dau vao 1a ma

tran truy van Q, khoa K, va gid tri V, moi
dau attention dugce tinh nhu sau:
Qi = QW g Ki= KWKR Vi= VVVVi

head; = SoftmaxM k(QiKiT)V

ead; = softmaxmas i
Vd

Multihead(Q,K,V) = Concat(head,, ...,

headh) VV0

trong d6 d 1a chiéu cta vector truy
van/khoa, va W, la ma tran trong s6 dau
ra. Co ché mit na nhan qua (causal mask)
duogc ap dung dé ngan viéc truy cp thong
tin twong lai trong chudi.

M&i khéi ma hoa gdm N 16p encoder,
voi mdi 16p thuc hién:

M = X + Multihead(LayerNorm(X),
LayerNorm(X),LayerNorm(X))

O =M + FFN(LayerNorm(M))

trong d6 FFN 1a mang truyén thang
hai 16p:

FFN(x) = ReLU(xW: + b1)W2 + bz

Bo giai ma gdm N 16p decoder, mbi
16p thuc hién hai budc attention: dau tién
1a self-attention trén chudi phan hoi, sau
d6 1a attention giita phan hoi va dau ra tir
encoder:

M. = X + Multihead(LayerNorm(X),
LayerNorm(X),LayerNorm(X))

M. = M + Multihead(Layer
NOrm(Ml),OenC,OenC)



O = M: + FFN(LayerNorm(M))

Pau ra cubi cung dugc dua qua mot
16p tuyén tinh dé tao ra chudi xac suat du
doan € = [C1,&3,...,&) Kién trac nay
cho phép mo6 hinh hoa hanh vi nguoi hoc
mot cach chi tiét, dong thoi tan dung dic
trung thoi gian va ndi dung dé cai thién do
chinh x4c trong truy vét tri thirc.

3.4. Quy trinh huén luyén va phin
tich kha néng dién gidi

3.4.1. Chi tiét méi truong hudn luyén

M6 hinh SAINT+ dugc trién khai
bang thu vién PyTorch va hudn luyén trén
nén tang Google Development Cloud véi
GPU NVIDIA P100 va phién ban CUDA
12.4. Mbi chudi twong tac ciia ngudi hoc
dugc cit ngin hoic bd sung (padding)
dén do dai tdi da la 100 dé dam bao hiéu
qua tinh toan. Qua trinh huén luyén st
dung kich thude 16 (batch size) 1a 64 va
tdc d6 hoc ban dau 1a 1073, két hop v6i bd
t61 vu héa AdamW va lich trinh giam toc
dd hoc theo hinh sin (cosine annealing
scheduler). Ky thuat regularization bang
dropout dugc ap dung véi ty 1€ 0.2 tai cac
16p nhung va 16p cht y nham giam thiéu
hién tuong qua khop.

M hinh str dung embedding c6 chiéu
512, véi 4 16p encoder va 4 16p decoder,
mdi 16p ¢6 8 dau attention. Tap dit liéu huan
luyén duoc lay tir file train.csv, bao gém
13,523 cau hoi va 10,000 ky nang.

Muc tiéu huin luyén 1a phan loai
nhi phan vé d0 chinh xéc cua phéan hdi cua
nguoi hoc, st dung ham mat mat Binary
Cross Entropy (BCE).

N
1 _ _
Loce = = ) [ydog G + (1 = ylog (1 = 3]
i=1
Trong d6 y, 1a nhan thuc té va 7, 1a
xéc suat du doan tir mo hinh ddi véi nguoi
hoc thur 1.
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3.4.2. Quy trinh hudn luyén

M6 hinh SAINT+ duogc huan luyén
theo quy trinh tuan ty gom ba giai doan:
embedding dau vao, xtr Iy qua encoder-
decoder, va du doan xac suat tra 161 ding
(Thuat toan 1). Qua trinh huan luyén dugc
to churc thong qua 16p PlusSAINTModule,
ké thtra tur pl.LightningModule, gitip don
gian hda viéc quan 1y vong 1ap huan luyén,
toi uu hoa va danh gia.

O mdi budc huan luyén, méd hinh
nhan mat batch dir liéu gom chuoi bai tap,
phan hoi, thoi gian lam bai va nhan do
chinh xéc. Dt liéu dugc embedding, sau
do di qua encoder dé trich xuat ngir canh,
va decoder dé can chinh phan hoi hién tai
voi lich str tuong tac. Pau ra dugc dua qua
ham sigmoid dé du doan xac suat, va dugc
so sanh voi1 nhan thuc t€ bang ham mat
mat Binary Cross Entropy. Dudi day 1a ma
gid mo ta quy trinh huan luyén:

Algorithm 1: Hudo luyén md hinh SAINT+
Input: Batch dif liéu i b t3p, phiin b, thoh gian lam bal, va nhan 80 chioh xic
Output: Loss hudn layén, xic sult du dodn, va cdc chi sb dinh gid

1 Khwii tao mé hinh:

: - Him mit mdt BCEWithLogitsLoss

3 - Encoder vii Decoder wohi multi-head atiention

4 - Ldp embedding cho béi tip, phin hii vi thisi gian

Ly turyln vinh diu ra

& Forwardix, ¥):

7 Embed bisi thp v k¥ nfing — enc

»  Embed phin hoi vi thiti gian — dec

encoder_output « Encoderienc)

w decoder_output +— Decoderidec, encoder_output)
oatput & FC{decoder_output )

1 wetarn ouipal sgueecef |
11 TrainingStep(batch):
e Tach baich thinh input, response, labeis
15 output + Forward{input, response)
W loss ¢ BCE{omput, lnbels)
7 Apdung md £ loai b padding
outpul +- Sig
wetwrn fiss, o 3
ValidationStepdhatch):
Tach hasch thinh input. response, lahels
outpul 4 Forwand{input, response)
loss +— BCE{output, labels)
Ap dung mit na vh sigmoid
Laru output vi labels & tinh chi o6
return outpral, fabely
OmValidationEpochEnd():
Ting hop todn bd outpat v lahels
Tinh AUC, Accuracy vit BCE Loss
Ghi nhin cde chi s vio lich sit
Thién thi két qud epoch
Xia bd dém validation

¥ % E 4% FREREREESS

B =

Thuét toan 1: Céc budc huan luyén mo
hinh SAINT+

IV. Két qua va thao luin
4.1. Danh gid higu sudit mé hinh

Pé danh gia nang luc dy doan cua
mé hinh SAINT+, chung toi tién hanh
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phan tich hi¢u sut dya trén cac chi sd
chuan gém: dién tich dudi duong cong
ROC (AUC), do chinh xac (accuracy),
va d6 mat mat (loss) theo timg vong huan
luyén. Cac két qua téng hop duoc trinh
bay trong Hinh 9, phan anh hiéu suat tong
thé cia mo hinh trén tap kiém dinh.

Sau 10 vong lip huin luyén,
SAINT+ dat AUC = 0.760, accuracy =
0.724, va loss kiém dinh = 0.607, cho thay
mo hinh c6 kha ning phan biét twong ddi
t6t gilta cac phan hoi dang va sai. Pang
cha y, Hinh 9 minh hoa qua trinh huén
luyén thong qua biéu do duong thé hién su
thay ddi cua loss, AUC va accuracy theo
timg epoch. Puong cong loss giam déu va
hoi tu som, trong khi AUC va accuracy
tang on dinh, khong c6 dao dong 16n giira
cac lan chay. Diéu nay phan anh kha ning
téng quat hoa tot va do on dinh cta méd
hinh trong qua trinh huén luyén.

Validation Metrics Over Epochs

0.75

|

—— Walidation Loss
—— Validation AUC
— Validation Accuracy

2 a 6 8 10
Epoch

Hinh 9: Két qua sau khi huan luyén mo
hinh cua tap kiém tha

4.2. So sanh voi cac mo hinh co so

4.2.1. So sanh két qua vé dg chinh xdc

Pé danh gia hiéu qua cuia SAINT+
mdt cach khach quan, chiing toi tién hanh
so sanh voi cac mo hinh truy vét tri thirc
phd bién. Cac mé hinh duoc huin luyén
trén cing tap dit liéu va quy trinh tién xr Iy
thong nhat nham dam béo tinh cong bang

trong so sanh. Bang 2 dudi day trinh bay

dd chinh xéc (Accuracy) cua timg mo hinh:

Bang 2: So sanh két qua véi cac mo hinh
tién nhiém

Mo hinh Accuracy
DKT 0.7060
DKVMN 0.7079
SAKT 0.7073
SAINT 0.7178
SAINT+ (Ours) 0.7240

Két qua cho thiy SAINT+ dat do
chinh x4c cao nhat (0.7240), vuot troi
so v6i cac mo hinh tudn tu nhu DKT va
DKVMN ciing nhu mé hinh attention don
tang nhu SAKT. Piéu ndy phan anh kha
ning hoc sau hon tir chudi twong tac nguoi
hoc, dac biét trong vi¢c xur 1y cac mbi quan
hé phirc tap gitta bai tap va phan hoi.

Mic du mé hinh SAINT+ trong
nghién ctru nay khong dat AUC cao nhu
cac phién ban trudc, viéc duy tri do chinh
xac cao va on dinh van cho thy tiém ning
g dung trong cic hé thong danh gia hoc
tap. BJ chinh xac 1a mot chi ) quan trong
trong bdi canh giao duc, noi viéc phan loai
dung hanh vi nguoi hoc c6 thé anh huong
truc tiép dén 16 trinh hoc tap va phan hoi
ca nhan hoa.

4.2.2. Khac bi¢t gitta SAINT va
SAINT+ va hiéu qua tir viéc tich hop dong
lyc thoi gian

SAINT+ la phién ban mé rong cua
mo hinh SAINT géc, duoc thiét ké nham
cai thién kha nang truy vét tri thirc thong
qua viéc tich hop cac dac trung hanh vi
va yéu t6 thoi gian. Tuy nhién, c6 nhiéu
bién thé ciia SAINT+ tuy theo cach lwa
chon dic trung dau vao. Bang 3 dudi day
so sanh ba phién ban: SAINT gbc (Choi et
al., 2020), SAINT+ (Shin et al. ,2020), va
SAINT+ trong nghién ctru nay.
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Bang 3: So sanh m6 hinh SAINT va SAINT+

\ A SAINT (Choi et | SAINT+ (Shin et al.,
+
Thanh phan al., 2020) 2020) SAINT+ (Ours)
Kién tric attention Self-atteintlon don Encoder-decoder Encoder-decoder attention
tang attention
Dic trung thoi gian Khong co lag time, time-on-task lag time, time-on-task
bac trung hanh vi Khéng co elapsed time prior_question_had_explanation,

bo sung

time, elapsed time

bau vao phan hoi

Cau hoi + két qua

Cau hoi + két qua +

Cau hoi + két qua + thoi gian +

thoi gian gidi thich trudc
Muc tiéu Du doan diing/sai Du doan diing/sai Du doan dling/sai
Accuracy 0.7178 0.7252 0.7240

Phién ban SAINT+ cua Shin et al.
tich hop nhiéu dic trung thoi gian nhu lag
time va time-on-task, gitp cai thién kha
ning mo hinh héa tién trinh hoc tip. Trong
nghién ctru nay, vi¢c thur nghiém voi lag
time va prior question had explanation
nhim danh gia tic dong cua thoi gian
phan hdi va viéc ¢o 101 giai thich trude d6
dén kha nang du doén.

4.3. Phédn tich anh huong cua hanh
vi nguoi hoc

Trong nd luc cai thién hiéu suit du
doan, chiing t6i thtr nghiém bd sung dic

trung prior question_had explanation -
mot bién nhi phan phan anh viéc nguoi
hoc c6 dugc giai thich trudc khi trd 161
cau hoi hay khong. Muc tiéu 13 kiém tra
xem yéu t nay c6 gitp mo hinh SAINT+
phan biét tot hon gitra cac phan hdi dung
va sai.

Tuy nhién, két qua (Bang 4) thuc
nghiém cho thay anh huong cta dic trung
nay 1a khong dang ké. Khi thém prior
question_had_explanation vao ludng huin
luyén, cac chi s6 kiém dinh gan nhu khong
thay d6i so véi mé hinh gbc:

Bang 4: So sanh két quéa cua ciing mo hinh véi 2 dau vo khac nhau

Mo hinh ACC AUC
SAINT+ ’ 0.7240 0.7600
SAINT+ va bién prior question _had explanation 0.7226 0.7578

Su khac biét giira hai thiét 1ap 1a rat
nhé va khong mang y nghia théng ké rd
rét. Piéu nay cho thy rang trong bdi canh
dir li¢u hién tai, dac trung prior question
had explanation khong dong vai tro quan
trong trong viéc cai thién nang luc du
doan ctua md hinh. Mot 1y do c6 thé 1a
thong tin nay khong dwoc phan anh day
dua trong hanh vi tuong tac cua nguoi hoc,
hodc mtrc @6 anh hudng cia 101 giai thich
khong ddng nhét gitra cac ca nhan.

Két qua nay goi y rang viéc lya chon
dac trung dau vao can duogc can nhéc ky

ludng, va khong phai moi bién lién quan
dén ngir canh déu mang lai gia tri gia ting
cho m6 hinh truy vét tri thic.

4.4. Huwéng cdi tién trong twong lai

Mo hinh SAINT+ di cho thiy hiéu
suat du doan on dinh trong bai toan truy
vét tri thire, dic biét voi cac phan hoi dang
ding-sai (nhi phan). Tuy nhié€n, mot han
ché dang chu y 1a kha ning mé rong cua
moé hinh d6i v6i cac dang danh gia phiic
tap hon. Trong thiét lap hién tai, dau ra
cia md hinh chi phan 4nh x4c suit nhi



560

phan (0 hodc 1), diéu nay phu hop véi cac
cau hoi trac nghiém nhung chua du dé mo
hinh hoa cac dang phan héi mém nhu bai
luan, bai tdp mo, hodc cac cau hoi danh
gia theo thang diém.

Trong thyc té gido duc, phan hoi
cua nguodi hoc khong phai lic nao cling
tuyét dbi ding hodc sai. Vi du, mét hoc
sinh c6 thé dat 80% do chinh xéc trong
mot bai viét hodc thé hién mie hiéu biét &
muc 0.9 trong mot bai tap phan tich. Viéc
mo hinh hoéa cac phan hoi ndy dudi dang
lién tuc (continuous feedback) s€ gitip hé
théng danh gid ning luc ngudi hoc mot
cach tinh té va sat thyc hon. Hudng cai
tién tiém nang bao gom:

M rong dau ra mo hinh sang dang
hdi quy (regression) dé du doan diém sb
hodc mirc d6 hiéu thay vi chi phan loai
ding-sai.

e Tich hop cic dang dir liéu mém
nhu thang diém, phan hdi van ban, hoac
danh gia cua gido vién dé huan luyén mo
hinh da nhiém (multi-task learning).

e Thiét ké kién trac phu hop voi
phan hdi lién tuc, chéng han nhu str dung
ham mat mat MSE (Mean Squared Error)
hodac KL-divergence thay cho BCE.

e Ap dung mé hinh trong cac ngir
canh danh gid mo, nhu hé théng chim
diém bai luan hodc phan tich tién trinh hoc
tap theo thoi gian.

Nhitng cai tién nay khong chi giup
mod hinh SAINT+ mé rong pham vi ung
dung ma con tang cuong kha nang ca nhan
hoa, hd tro ngudi hoc theo cach su sic va
linh hoat hon.

V. Két ludn

Nghién ctru nay da trién khai va danh
gia md hinh SAINT+ trong bdi canh truy
vét tri thirc c4 nhan hoa, st dung tap dir liéu

EDNet vé1 quy mo 16m va do phuec tap cao.
M0 hinh duoc xay dung dua trén kién tric
Transformer phan tach encoder-decoder,
két hop vai cac ddc trung hanh vi nhu thoi
gian 1am bai va phan hoi cua ngudi hoc.
Qua trinh huén luyén cho thiy SAINT+ dat
hi¢u suét 6n dinh véi AUC = 0.760 va do
chinh xac = 0.724, phan 4nh kha nang phan
biét hop 1y giita cac phan hdi ding va sai.
Tuy nhién, m6 hinh hi¢n tai chi xu
Iy phan hoi nhi phan (0 hodc 1), diéu nay
gid1 han kha nang ung dung trong cac
dang danh gia phuc tap hon nhu bai luan,
bai tdp mo, hodc cac cau hoi theo thang
diém. Viéc mo hinh hoa cac phan hoi nay
s gitp hé thong danh gia nang lyc nguoi
hoc mét cach tinh té va sat thuc hon.
Ngoai ra, thir nghiém bd sung dic
trung prior_question had explanation
khong mang lai cai thién 16 rét, cho théy
rang khong phai moi yéu t6 ngir canh déu
c0 gia tri gia tang trong mod hinh hoa tri thire.
Diéu nay nhdn manh tim quan trong cla
viéc lya chon déc trung dau vao mot cach
¢d co s¢ va phu hop véi muc tiéu su pham.
Téng thé, SAINT+ 1a mot bude tién
dang ké trong viéc Ung dung mo hinh
attention vao gido duc cd nhan héa. Du
con mot sd han ché, nghién ciru nay dit
nén moéng cho cac hé théng hoc tap thong
minh c¢6 kha ning thich tng tot hon véi
nhu cau va hanh vi cua timg nguoi hoc.
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INTERPRETABLE TEMPORAL MODELING IN
STUDENT KNOWLEDGE TRACING: INSIGHTS FROM
SAINT+ AND EDNET

Pham Hoang An’

Abstract: Artificial intelligence is emerging as a powerful tool in shaping personalized
learning experiences, particularly through models that trace and predict learners’knowledge
states over time. Among these, the SAINT (Separated Attention-based Knowledge Tracing)
model achieves high accuracy by leveraging temporal features such as task duration and
intervals between responses. However, its opaque decision-making nature poses challenges
for educators seeking interpretability and trust in Al systems. This study analyzes the
interpretability of SAINT s temporal attention mechanism using the large-scale EdNet dataset,
which contains over 130 million student interactions across diverse learning environments.
We focus on how temporal dynamics influence prediction quality, while visualizing attention
weights to explain how time-based behavioral patterns shape learner modeling. Results
show that transparent temporal modeling not only improves predictive performance but also
fosters trust and alignment with pedagogical intuition. This work is particularly relevant
for educators in resource-constrained regions such as Vietnam, where interpretable and
accessible Al tools can help promote equitable and feasible personalized education.

Keywords: SAINT+, EdNet, personalized learning, knowledge tracing
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