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NGHIEN CUU VAI TRO CUA BIG DATA TRONG VIEC HIEU VA TOI UU HOA
HANH VI HQC TAP CUA NGUOI HQC
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V6 Vin Liét
Truomg Cao ding Cong dong Hau Giang

Tém tit: Trong béi canh gido duc $6 héa, hé théng Quan Iy Hoc tdp (LMS) tao ra mot luong lon “dir liéu lon” tir nhdt
ky twong tac cua nguoi hoc. Viéc khai thac cac log hanh vi hoc tdp nay thong qua cac ky thudt Learning Analytics (phan
tich hoc tdp) hién dai, nhw phan cum, phan logi, khai pha mau tuan tw va hoc séu, giup hiéu 16 hon vé théi quen hoc tdp
va cd thé héa qud trinh hoc. Bai bdo nay dé xudt mét khung phdn tich dir liéu hanh vi hoc tdp tir log LMS bang cong nghé
Big Data. Triede hét, ching diém lai co sé 1y thuyét vé dir liéu I6n trong gido duc va mé hinh Learning Analytics (tir mé
ta, chan dodn dén dy dodn va dinh hwéng can thiép). Tiép dén, ching giGi thiéu cdc ky thudt phan tich dit liéu hoc tdp ddic
thi: phdn cum gitip nhém nguoi hoc theo kiéu hanh vi, phan logi dé dir dodn két qua hoc tap (nhuwe phdt hién hoc sinh gdp
khé), va khai phd mdu tudn tw dé ndm bat chudi hanh vi dién ra theo thoi gian. Hoc mdy ndng cao (Machine Learning) va
ddc biét la hoc sau (Deep Learning) di dwoc dp dung thanh cong dé dw dodn chinh xdc két qua hoc tdp, véi cde mé hinh
nhw mang neural nhiéu 16p hay CNN-LSTM dat d chinh xdc cao. Trong phan phiong phép, chiing trinh bay mot quy trinh
(pipeline) tong thé xi Iy log LMS — tir thu thdp, tién xit Iy, dén trich xudt ddc trung va phan tich (Hinh 1) — nham minh hoa
cach Lrng dung Big Data va tri tué nhan tao trong Learning Analytics. Két qua phén tich tong hop cho thdy Big Data déng
vai tro nén tang trong viéc 161 wu héa trai nghiém hoc tdp cd nhan, cho phép nha tru’o’ng can thiép kip thoi (phat hién som
hoc sinh yéu) va xdy dung méi truong hoc tdp thich tmg. Cudi cing, bai bdo dé xudt dinh huonmg tich hop Al va hé thong
hoc tp thich g (Adaptive Learning) diea trén phan tich dit liéu lom dé nang cao két qua gido duc.

Tir khoa: Dir licu lon, Hanh vi hoc tap, Phan tich hoc tdp, LMS, Phdn cum, Phan logi, Khai pha mau tuan tu, Hoc séu.

RESEARCH ON THE ROLE OF BIG DATA IN UNDERSTANDING AND
OPTIMIZING LEARNERS’ LEARNING BEHAVIORS

Abstract: In the era of digital education, Learning Management Systems (LMS) generate massive big data from learners’
interaction logs. Exploiting these logs through modern Learning Analytics techniques — such as clustering, classification,
sequential pattern mining, and deep learning — enhances understanding of learning behaviors and enables personalization
of the learning process. This paper proposes a framework for analyzing learner behavior from LMS logs using Big Data
technologies. First, we review the theoretical foundations of Big Data in education and the Learning Analytics pipeline (from
descriptive to prescriptive analytics). Then, we present specific analytical techniques for learning behavior data: clustering
to group learners by behavior, classification to predict outcomes and identify struggling students, and sequential pattern
mining to uncover temporal sequences of actions. Advanced Machine Learning, especially deep learning models (e.g., DNN,
CNN-LSTM), have proven very effective, achieving high accuracy in performance prediction. In the methodology section, we
describe an end-to-end pipeline for processing LMS logs — from data collection, preprocessing, feature extraction, to analytics
(Figure 1) — illustrating how Big Data and Al are applied in Learning Analytics. The synthesis shows that Big Data is
fundamental for optimizing personalized learning experiences, enabling timely interventions (early detection of at-risk
students) and adaptive learning environments. Finally, we propose a Big Data-driven behavioral analysis framework and
discuss future directions integrating Al and adaptive learning to improve educational outcomes.

Keywords: Big Data, learner behavior, learning analytics, LMS, clustering, classification, sequential pattern mining,
deep learning.
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Hé thdng quan 1y hoc tip truc tuyén (LMS)
nhu Moodle, Canvas, EdX ghi nhan lugng dit li¢u
khéng 16 (nhat ky log) phan anh moi tuong tac
cua nguoi hoc: tir viéc xem bai giang, truy cap tai
nguyén, giri bai tap dén tham gia dién dan. Nhiing
dir liéu nay khong chi c6 kich thudc 1om (46 “Vol-
ume” hang TB—PB) ma con da dang va phat sinh
lién tuc (d “Velocity” cao, da dang vé cdu tric).
Chung vuot xa kha nang xtr ly ctia cac cong cu dir
liéu truyén théng. Theo Pinh nghia 5V, Big Data

trong gido duc co cac dac tinh vé do 16m, tinh da
dang, tde do cap nhat va gia tri tiém nang.

Viéc phan tich hanh vi hoc tap tr cac log nay
1a rat can thiét dé cai thién két qua giang day va
hoc tap. Cac nghién ctru chi ra ring mé hinh hoc
tap cua sinh vién (chang han kiéu ludt tai liéu,
thoi gian hoc, s luot lam bai kiém tra) thudng
lién quan chat ché dén hiéu qua hoc tap. Hon ntra,
trong cac khoa hoc truc tuyén, kha nang du doan
va can thiép som déi voi hoc sinh gip khé mang
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¥ nghia then chét, gitip ting ty 18 hoan thanh va giam
bd hoc. Nho vay, Big Data va Learning Analytics
duoc xem 1a “can cau” cong nghé dé thac day gido
duc hudng dir lidu: tir mo ta thyc trang (Descriptive)
dén chan doan van dé (Diagnostic), du bao két qua
(Predictive) va cudi cung 1a dé xuét giai phap can
thi€p (Prescriptive).

Tuy nhién, thach thirc 13 can 4p dung céc ky
thut phén tich dir lidu tién tién dé bién cac log
hon tap thanh tri thirc hitu ich. Muc tiéu cta bai
viét nay 1a nghién ciru vai tro ciia Big Data trong
viéc hiéu va t6i wu hoa hanh vi hoc tap clia ngudi
hoc thong qua phan tich log LMS. Cu thé, chung
dé xuat mot khung phan tich téng thé bao gom
cac budce tir thu thap, xir Iy dén img dung mo hinh
dir liéu hanh vi. Dong thoi, bai viét diém qua cac
nghién ctru ndi bat lién quan dén phan cum, phan
loai, khai pha miu tuan ty va hoc sau trong bbi
canh dit liéu hoc tap. Trén co so 1y thuyét va tong
quan tai liéu quéc té gan dy (2018-2025), chung
1am rd y nghia khoa hoc va thyc tién ctia mo hinh
dé xuit, cling nhu huéng ung dung Al trong gido
duc thich tng tuong lai.

IL. NQI DUNG NGHIEN CUU

2.1. Muc tiéu nghién ciru

Muc tiéu chung: Khao sat va tong hop vai tro cia
cong nghé Big Data trong viéc phan tich va t5i uu hoa
hanh vi hoc tap ctia nguoi hoc trong mdi trudng LMS.

Mouc tiéu cu thé: Xéac dinh cac dic tinh, nguén dur
liéu hanh vi hoc tap (log LMS, clickstream, diém
s, v.v.) va thach thirc khi xir Iy chung. Tong hop co
s& 1y thuyét lién quan dén Big Data trong gido duc
va cac mo hinh Learning Analytics (phan tich hoc
tap). Trinh bay va danh gia cac k¥ thuét phan tich dir
liéu hanh vi hoc tap: phan cum (clustermg) phan loai
(classification), khai pha mau tuan ty (sequentlal
pattern mining), hoc sau (deep learning), ... Dé
xuét khung (pipeline) xir 1y log LMS dé phén tich
hanh vi hoc tap, bao gdm quy trinh xir 1y dit liéu tir
thu thap dén tao mo hinh. Dinh huéng ting dung Al
(machine learning, adaptive learning) tir phan tich
Big Data dé cai thién hiéu qua hoc tap.

2.2. Pbi twong nghién ctru

Log LMS va Clickstream: Cac sy kién nguoi
ding trén hé théng LMS nhu lugt truy cip ndi dung
(page views), lugt xem video, lugt 1am bai kiém tra
(quiz attempts), tham gia dién dan, v.v. “Mdi click
hay su kién déu duge ghi lai kém dau thoi gian, tao
nén chudi log chi tiét phan anh qua trinh hoc tap
cua tirng cé nhan”.

Théng tin nguoi hoc: Dit liéu cau tric nhu
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ho so hoc sinh (thong tin nhan khau, 16p chuyén
nganh), két qua danh gia (quiz, assignment, diém
cudi khoa) va thong tin mang xa hoi giao duc. Khi
két hop véi lao dong, cac dir li¢u nay tao thanh
mot bd dit liéu da chiéu vé tién trinh hoc tap.

Dit liéu phu tro khdc: Vi du cam bién (néu co),
phan hdi ctia giao vién, tinh ning hé thong (vi du thoi
gian hoat dong), v.v. Trong pham vi ndy, ch yéu tap
trung vao dit liéu s6 thu duoc tir LMS ma khong xét
dén dit liéu ngoai vi nhu hoat dong offline.

2.3. Y nghia khoa hoc va thye tién

Vé khoa hoc, viéc nghién ciru Big Data trong
gido duc va phan tich hanh vi hoc tap gop phan
phat trién cac 1y thuyét vé hoc tap dién tir va phan
tich hoc tap. Phan tich dir li¢u quy mé 16n cho
phép phat hién cac quy luat hanh vi va yéu t6 anh
huong dén hiéu qua hoc tap ma trudc day kho
thu thap dugc. Vi dy, viéc 4p dung phan tich du
doan gitp hiéu rd mdi lién hé giita cac hanh vi
trong LMS véi két qua hoc tap. Nghién ctru nay
con déng gop mot khung 1y thuyét tong hop vé
cach tiép can phén tich hanh vi (tr mo ta dén dinh
hudng can thi¢p), va so sanh hi¢u qua céc thuat
toan (clustering, classification, sequential mlmng,
deep learning). Qua do, két qua nay mo rong hiéu
biét vé cach ing dung Big Data va Al trong boi
canh gido duc, dong thoi chi ra cac huéng nghién
ctru méi (nhu tinh céng bang trong phén tich, bao
vé quyén riéng tu khi xir 1y Big Data).

Vé thyc tién, két qua phan tich hoc tap tir Big
Data c6 tac dong truc tiép tdi cai tién gido duc.
Khi trién khai Learning Analytics, nha trudng va
gido vién co thé can thiép kip thoi: vi du phat hién
som hoc sinh yéu hodc c¢6 nguy co boé hoc dua
trén mo hinh dy dodn, tor do 4p dung bién phap
hd tro (tu van, ting tai nguyén hoc tap, diéu chinh
chuong trinh). Big Data con tao nén tang cho viéc
ca nhan hoa trai nghiém hoc tap — gidi thi€u ndi
dung phu hop véi tirng nhdém hanh vi hoc tap nho
mo hinh phan cum.

2.4. Co s ly thuyét

Big Data trong gido duc: Big Data trong giao
duc dugc dinh nghia béi cac dac tinh 5V: Volume
(khdi lwong), Velocity (tc d0), Variety (da dang),
Variability (tinh bién dong) va Value (gié tri). Trong
LMS, dit liéu dugc sinh ra lién tuc tir hang tram dén
hang nghin sy kién mdi ngay, vai kich ¢& tong thé
c6 thé 1én t6i TB-PB. Bén canh do, c6 nhiéu loai
dir liéu (co cAu truc, ban ciu trac va phi cAu trac),
vi du text (nhat ky truy cép), video (ghi hinh bai
giang), hinh anh, am thanh, két qua danh gia, v.v.
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Diéu nay lam ting d6 phirc tap cho qué trinh xir
ly va khai phé thong tin. Tuy nhién, chinh tinh
khéi lwong va da dang d6 ciing mang lai gia tri
16n: “Volume 16n giup phat hién xu hudéng chung
va ca biét; Variety va Variability gitip kham pha
mbi lién hé gitra cac loai dir liéu da phuong tién;
con Velocity doi hoi hé thong phén tich phai xir Iy
theo thoi gian thyc hoac gﬁn thuc”.

Vi thé, Big Data Analytics (BDA) — tirc cac k¥
thuat va hé thong chuyén biét — tré thanh nén tang
cho Learning Analytics. BDA bao gém kho di
li¢u (Data Warehouse, Data Lake), k¥ thuat xu 1y
(Hadoop MapReduce, Spark), thuat todn khai pha
dir liéu (Data Mining, ML/DL) va truc quan hoa.
Khi 4p dung cho gi4o duc, Big Data Analytics hd
trg thu thap va xur ly hiéu qua luong dir li¢u hoc
tap khéng 16, tao diéu kién cho viéc xay dung mo
hinh théng minh va ra quyét dinh dya trén dir liéu.

Mo6 hinh Learning Analytics: Learning Analytics
(LA) 14 Tinh vic st dung dit liéu 16n dé hiéu va cai
thién trai nghiém hoc tap. Theo tiép can phan tich dir
liéu, LA thudng dugc chia thanh bébn loai chinh:

- Phan tich mé ta (Descriptive): Tom tat cc dit
lidu dd ghi nhan, vi du béo cdo s luong luot truy
cap, diém trung binh, mirc d6 tham gia.

- Phan tich chan dodn (Diagnostic): Xac dinh
nguyén nhan hoic mdi quan hé (vi du tai sao hoc
sinh tré han ndp bai, mbi lién hé gitra tan sut
dang nhap va diém sd).

- Phan tich dw dodn (Predictive): Xay dung
mo hinh may hoc dé dy doan két qua tuong lai, vi
du x4c sudt sinh vién trugt mon hodc bd hoc. Mot
s6 nghién ctru da dung ML/DL & du doan hoc
sinh yéu sém nhét ¢ giai doan dau cia khoa hoc.

- Phan tich dinh huong (Prescriptive): Dé xuat hanh
dong can thiép (vi du khuyén nghi tai nguyén hoc tap,
thiét ké 16 trinh hoc tity chinh) dura trén két qué phan tich.

“Theo Belrzaeg et al., phan tich hoc tap dugc
t6 chirc theo mot pipeline: dau tién mé ta dir lidu,
sau d6 chan doan van d¢, tiép dén du doan két
qué va cudi cung 14 d& xuat giai phap.” Day 1a mo
hinh 1y thuyét quan trong trong Learning Analytics,
nhén manh vai tro ctia Big Data & mdi giai doan —
tir viée thu thap va lam sach dir liéu dén ung dung
mo hinh tri tu€ nhan tao.

Ky thudt phan tich dit liéu hanh vi hoc tdp: Céc
k¥ thuat pho bién trong Learning Analytics duoc
xdy dung dua trén Machine Learning va Data
Mining dé xir Iy cac tap dir liéu 16n tir LMS:

- Phan cum (Clustering): Thudt toan phan nhom
ngudi hoc c6 hanh vi trong ddng dya trén dic trung

log. Vi du, Franke va cong su (2024) da 4p dung
nhiéu phuong phap phan cum dé xac dinh nhom
hoc sinh véi kiéu twong tac LMS khéac nhau. Két
qua cho thdy c6 thé xac dinh nhiing cluster ngudi
hoc v6i d6 tuong tac cao/ thap khac nhau, gitp xay
dung cac 19 trinh hoc tap cé nhan hoa.

- Phan logi (Classification) va Dy dodn: Su
dung cac md hinh hoc cé gidm sat (vi du Decision
Tree, SVM, Neural Network) dé dy doan két qua
hoc tap (nhu diém sd, nguy co trugt) dya trén dir
liéu log lich su. Riestra-Gonzalez et al. (2021) da
tao ra cac mo hinh phan loai dé phat hién sém
nhom “can hd trog” (at-risk), nhom “xuét sic” va
nhém “bi diém kém” chi dya vao log tai cac giai
doan dau cua khoa hoc. Hoc sinh duoc gén nhan
(truot/dd) dya vao diém kiém tra, va cac thuét
toan (DecTree, Naive Bayes, MLP...) duoc huén
luyén dé du doan nhan nay. Két qua cho thdy MLP
(Multi-layer Perceptron) dat do chinh xac cao nhat
(t&1 90% khi dy doédn sau 50% khoa hoc). Tuong
tu, Dobashi va cong su (2022) phan loai “mau hoc
tap” ciia sinh vién qua log Moodle nham phat hién
som nhitng sinh vién can can thiép.

- Khai phd mau tuan tw (Sequential Pattern
Mining): Muc tiéu tim ra cac chudi hanh vi lip
lai quan trong trong dir li¢u thoi gian. Day la cach
dé nam bat tht ty va ciu tric tiém an trong cac
hanh dong hoc tap. Vi du, Deeva et al. (2022) da
ching minh rang cac miu tuan ty hanh vi cta
hoc sinh c6 thé dung dé dy doan hoc sinh khong
dat két qua hoc tap ¢ giai doan dau khéa hoc. Ky
thuat nay cho phép xay dyng md hinh “phan loai
chudi” (sequence classification) dé phat hién hoc
sinh yéu ma khong can dya vao thong tin c4 nhan
nhay cam.

- Hoc sau (Deep Learning): Cac mang neural
sau (DNN), CNN, RNN/LSTM hay két hgp CNN-
LSTM di duoc sir dung dé trich xuat dic trung
phuc tap va du doan chinh xac. Trong moéi truong
hoc tap truc tuyén, hoc sau gitp xur 1y cac tap dir
liéu khéng 16, bao g@)m ca tin hi¢u thoi gian hodc
da phuong tién. Tong quan hé thong ctia Alnasyan
et al. (2024) cho thdy DNN va mé hinh CNN-
LSTM pho bién nhét va dat do chinh xac >90%
trong du doan két qua hoc tap. Nghién ciru ciing
ghi nhan dac trung hanh vi hoc tap (nhu muac do
turong tac, tham gia dién dan) thuong 13 yéu t6
du bao quan trong nhét. Hoc sau két hop véi kha
nang giai thich (XAI) dang duoc quan tim dé lam
cho cac mé hinh nay c6 thé tin cdy va d& hiéu hon
trong gido duc.
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2.5. Phuwong phap nghién ctru

Chung t6i thyc hién tong quan hé thong cac
cong trinh di cong bd qudc té (2018-2025) vé
Big Data va Learning Analytics trong gido duc,
tap trung vao cac bai bao tap chi c6 DOI. Viéc
tim kiém duogc thuc hién trén cac co sé dir liéu
hoc thuat (Scopus, IEEE Xplore, ScienceDirect,
Google Scholar) véi tir khoa lién quan dén Big

Data, Learning Analytics, LMS log, clustering,
classification, sequence mining, deep learning.
Sau do, tai liéu thu thap duoc duogc sang loc
theo ti€u chi muc d¢ phu hop va d¢ tin cay.
Phuong phap PRISMA (Preferred Reporting Items
for Systematic Reviews) dugc tham khao dé
dam bdo qué trinh chon loc minh bach.
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Hinh 1. M6 hinh pipeline xir Iy log hoc tap tic LMS (mé hinh tong qudz).

Pipeline gom cac giai doan: (i) Thu thap dir
liéu tr LMS (log clickstream, diém s6, hod so
hoc sinh); (ii) Tién xir 1y (loc nhiéu, chuan hoa
dir liéu, phan tach session); (iii) Trich xuat dic
trung (tinh toan cac chi s6 hanh vi, rat trich trinh
tu hanh dong); (iv) Phan tich mo6 hinh (phan cum
nguoi hoc, phan loai két qua, khai pha mau tuan
tu, ap dung mo hinh hoc sau); va (v) Xuat két qua
du6i dang bang diéu khién (dashboards) hoic dé
xuat can thiép. Mdi bude déu co thé tmng dung
cac cong cu Big Data (vi du Spark) va thuat toan
ML/DL tuwong tng, nham tdi vu hoa hiéu ning
va do chinh xé&c phan tich. Hinh 1 minh hoa cach
thirc mot hé théng Learning Analytics st dung
Big Data pipeline dé hiéu va toi uu hoa hanh vi
hoc tap cua nguoi hoc.

Nhu vay, bai bao két hop phan tich mé hinh
(model analysis) voi tong quan 1y thuyét. Cu thé,
sau khi gidi thi¢u pipeline (Hinh 1), cac doan sau
s& trinh bay chi tiét vé& cach cac ki thuat phén tich
(clustering, classification, pattern mining, deep
learning) dugc 4p dung trong ting giai doan va dan
ching qua cic nghién ctru dién hinh. Chung toi
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cling thao ludn vé cac cong cu Big Data (hadoop,
spark, Hive, TensorFlow, v.v.) pht hop dé trién
khai pipeline nay, va nhdn manh cac chi tiéu hiéu
qua (d6 chinh xac du dodn, tc 4o xir 1y).

III. KET LUAN

Bai bao di trinh bay mdt nghién ctru tong quan
vé vai tro cua Big Data trong hiéu va t6i uu hoa
hanh vi hoc tdp dua trén log h¢ théng LMS. Két
qua khang dinh Big Data va Learning Analytics 1a
chia khoa cho viéc chuyén doi sb trong gido duc:
nhd kha ning xir 1y va phan tich dir liéu khong 16,
ta c6 thé phat hién kip thoi cac xu hudéng va van
dé trong qua trinh hoc tap. Viéc tmg dung k¥ thuat
phan tich da dang (phan cum, phan loai, khai pha
mAu tuan tu, hoc siu) gitp khai thac hiéu qua cac
log hanh vi, tir d6 xay dung cac giai phap gido duc
dir li¢u dinh hudng (data-driven). Bai bao cling da
dé xuat mot khung pipeline minh hoa quy trinh xtr
1y log LMS (Hinh 1), 1am co s& cho viéc trién khai
thuc té cac hé thong Learning Analytics, tir khau
chuan bi dit liéu dén dau ra 1a céc cong cu giam
sat va khuyén nghi.

Bén canh d6, chung dé xuat huéng phat trién



twong lai: tich hop Al tién tién vao pipeline va phat
trién cac hé théng hoc tap thich tng (Adaptive
Learning). Vi du, tri tu¢ nhan tao c6 thé tu dong
diéu chinh ndi dung hoc phtt hop véi kiéu hanh vi
vira dugc phan cum, hoac hé théng s& dé xuit bai
hoc bd sung khi du bao thdy hoc sinh yéu sap gap
kho. Céc cong nghé giai thich mé hinh (Explainable
Al) ciing nén dugc dura vao dé dam bao két qua phan
tich d& hiéu véi giang vién va hoc sinh.

Tom lai, dit liéu 16n cho phép gido duc tro
nén cd nhan hoa va dir liéu héa hon bao giod
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hét. Viéc xdy dung khung phan tich hanh vi
nhu di trinh bay s& 1a tién dé dé cac truong dai
hoc va té chirc gido duc phat trién hé thong hd
tro quyét dinh dya trén dir liéu hoc tap. Trong
tuong lai, xu huéng Al va hoc tap thich ung sé
duoc déy manh: hé théng tu dong diéu chinh
tién trinh hoc theo tinh trang hoc tip va tuong
tac cua tung cd nhan. Nhitng dinh hudng nay
htra hen gitp téi wu hoa két qua hoc tap, ning
cao trai nghiém nguoi hoc va dap ung muyc tiéu
giao duc bén viing.
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