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Tom tat

Bai bao gidi thiéu mot hé théng khuyén nghi tai liéu hoc tap ca nhan hda dya trén lich sur tuong tac cua sinh vién trong
hé théng LMS (Learning Management System). Hé thong trién khai va so sanh hai phuong phap chinh: Loc cong tac dwa
trén nguoi ding (CF) va Loc theo ndi dung (CBF), dong thoi 4p dung mé hinh lai (Hybrid) dé nang cao hiéu qua. Thi
nghiém trén bo dir lidu gia lap gdm 500 sinh vién va 10.000 tai liéu cho thdy CF dat Precision 55%, Diversity 68%, CBF
dat Precision 63%, Diversity 33% trong khi mé hinh lai (Hybrid) dat Precision 57%, Diversity 67% cai thién chat luong
khuyén nghi. Két qua chirmg minh tinh kha thi ctia giai phap trong viéc ning cao kha ning tim kiém tai liéu phu hop, dong
thoi gop phan cai thién trai nghiém hoc tap trong méi truong gido duc truc tuyén.

Tur khoa: HE théng khuyén nghi, hoc truc tuyén, loc cdng tac, loc dya trén ndi dung, phuong phap lai, dd thi kién thire
Abstract

This paper presents a personalized learning materials recommendation system based on students' interaction history
in a Learning Management System (LMS.) The system implements and compares two main methods: User-based
Collaborative Filtering (CF) and Content-based Filtering (CBF), while also applying a hybrid model to improve the
efficiency. Experiments on a simulated dataset of 500 students and 10,000 documents show that CF achieves a Precision
of 55%, and a Diversity of 68%; CBF achieves a Precision of 63%, and a Diversity of 33% while the Hybrid model
achieves a Precision of 57%, and a Diversity of 67%, improving the recommendation quality. The results demonstrate the
feasibility of the solution in enhancing the ability to find suitable documents, while contributing to improving the learning
experience in an online education environment.
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1. Giéi thi¢u

Hé thong khuyén nghi (Recommender
System — RS) ngiy nay da tré' thanh thanh phan
ha tng quan trong trong cac nén tang hoc tap sd,
gitip giam thiéu tinh trang qua tai thong tin va ca
nhan hoa qua trinh hoc & quy md 16n. Trong linh
vuc giao duc, RS dugc ing dung dé khuyén nghi
khoa hoc, tai nguyén hoc tap (video, bai doc, bai
tap) va 10 trinh hoc, dong thoi ngay cang tich hop
céc tin hiéu ngir canh va yéu t6 su pham [1],[2].

Céc khao sat va hoi thao gan ddy chi ra xu
huéng chuyén dich tir cac phuong phap truyén
théng nhu Collaborative Filtering (CF) va
Content-based Filtering (CBF) sang cdc md hinh
lai, nhan biét nglr canh, va tan dung dd thi tri
thirc nham gan két tt hon vai két qua hoc tap va
hd tro clia giang vién [1],[3],[4].

Trong boi canh hoc tap truc tuyén phat trién
manh, sinh vién phai tiép can mot khéi luong tai
liéu 16n, khién viéc tim kiém noi dung phu hop
trd nén ton thoi gian va c6 thé anh huong dén hicu
qua hoc tap. RS déng vai tro giai quyét van dé nay
bé“mg cach ca nhan hoéa danh sach tai liéu dua trén
hanh vi, s& thich va nang lyc cta tirng nguoi hoc.

Nghién cru nay tap trung vao thiét ké va
trién khai hé théng khuyén nghi tai liéu hoc tap
dua trén lich st hoc cua sinh vién, 4p dung hai
phuong phéap chinh la CF — dya trén su tuong
ddng gitra nguoi hoc hodc gitra cac tai liéu — va
CBF — dua trén dic diém noi dung cua tai liu va
hd so s thich cia ngudi hoc; ddng thoi xdy dung
mo hinh Hybrid dé két hop wu diém cia hai
phuong phép nay.

2. Cac cong trinh lién quan

Céc danh gia hé thong gan day nhin manh sy
phat trién ctua RS gido duc, vugt ra ngoai viéc
chi nham muc tiéu vao nguoi hoc, sang céc thiét
ké da bén lién quan, dong thoi hd trg gido vién
[1]. 6 thi kién thirc va mang no-ron cho phép
mé hinh héa chi tiét cac khai niém khoa hoc va
trang thai cua nguoi hoc, cai thién chét luong

khuyén nghi va kha nang giai thich [2], [5]-[7].
Céac md hinh sau da dugc diéu chinh dé khuyén
nghi khoéa hoc tryc tuyén v6i hoc thudc tinh ngir
nghia va mo6 hinh héa hanh vi [8], [9]. RS nhan
biét ngir canh (CARS) két hop 13 rang cac bién
tinh hudng (thoi gian, tién trinh, thiét bi, hoat
dong) va tinh minh bach, nhiing yéu t6 ngay cang
dugc yéu cdu trong moi truong TEL
(Technology-Enhanced Learning) [3]. Céc bién
thé phan tich nhan tir bac thap va thua thét van c6
tinh canh tranh, dic biét 1a trong diéu kién thua
thét va khoi dong ngudi, va hién dugc bd sung
bang cac phuong phap dira trén do thi co thé giai
thich duoc [6], [10], [11]. Cac khao sat lién mién
toan dién tir nam 2017 dén nim 2024 tong hop
thém céc lya chon md hinh hoa va giao thirc danh
gi4 cho viéc trién khai cong nghiép [4].

Mic du hé théng khuyén nghi giao duc da dat
nhiéu tién bd, van ton tai cac khoang trong quan
trong: ¢4 nhan hoa chua tich hop dy du phong
cach hoc, muc tiéu nghé nghiép, trang thai cam
xuc; kha nang xtr 1y dir liéu da phuong tién con
han ché khi tai liéu hoc tip ngay cang da dang;
thiéu khuyén nghi thoi gian thyc trong qué trinh
hoc; danh gia hiéu qua con thién vé do chinh xac
thay vi tac dong lau dai dén két qua va dong luc
hoc tap; va chua chu trong day du t&i ngit canh
van hoa — ngdén ngtr dac thu nhu truong hop sinh
vién Viét Nam.

3. Co s6 Iy thuyét

Hé théng khuyén nghi (RS) 1a mot nhanh
quan trong cua Tri tu¢ nhan tao (Al) va Khai pha
dir liéu (Data Mining), dugc thiét ké nhim dy
doan va cung cap nhitng muc (items) phi hop
v6i so thich hodc nhu cau ciia nguoi dung. Trong
cac linh vyc nhu thuong mai dién tor (Amazon,
Shopee), giai tri (Netflix, Spotify) hay mang xa
hoi (YouTube, TikTok), RS da tré thanh mot
cong cu then chédt giup ting mirc d6 twong tac va
trai nghiém ca nhan hoa. Vé mit k¥ thuat, RS
thuong duya trén mot trong ba cach tiép can chinh
CBF, CF va Hybrid Systems.
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Loc cong tac dua trén nguoi dung 1a phuong
phép khuyén nghi dya trén gia dinh ring nguoi
dung o lich str hanh vi tuong tu s& c6 xu hudng
quan tdm dén cdc muc gidng nhau trong tuong
lai. Thuat toan thuong st dung cac phép do
tuong dong nhu cosine similarity, Pearson
correlation hodc adjusted cosine dé xac dinh
nhom “lang giéng” gan nht ciia ngudi dung muc
tiéu trong khong gian dic trung nguoi dung — dbi
tuong. Giai doan du doan diém khuyén nghi
(rating prediction) thuong ap dung k¥ thuat
weighted sum hoac mean-centered weighting, c
thé t6i wu hoa bang top-K neighbor selection
nham giam chi phi tinh toan. Han ché chinh gom
van dé thua dit liéu va kha nang mé rong, dac
biét khi tap nguoi dung 16n; do d6, nhidu hé
théng thuc té ap dung chién luoc lai hodc phan
cum dé cai thién hi¢u nang va chat lugng khuyén
nghi.

Loc dua trén ndi dung CBF la ky thuat
khuyén nghi dua trén viéc phan tich dac trung
cua cac muc (items) ma nguoi dung da tuong tac
trudc do, sau do tim cac muc mdai cd dic trung
tuong ty. Hé thong thuong biéu dién myc dudi
dang vector thudc tinh (feature vector) — vi du:
tr khoa, thé (tags), embedding tir mé hinh NLP,
hodc déc trung trich xuét tir anh/Am thanh — va
ap dung cac phép do tuong dong nhu cosine
similarity, Euclidean distance hodc dot product
dé xép hang. Piém manh ctia CBF 1a kha ning
hoat dong t6t ngay ca khi khong co dir lidu tir
cong dong (giam cold-start cho ngudi dung
moi), nhung han ché 1a chi gi6i han trong khong
gian dic trung da biét, khé kham pha cac muc
hoan toan m&i vé ndi dung.

Hybrid Systems: Hé thdng lai két hop CBF va
CF nham khai thac dong thoi wu diém cua ca hai
phuong phéap. CBF tan dung dac trung ndi dung
dé khuyén nghi cho nhiing ddi tugng méi hoic
it tuong tac, trong khi CF khai thac sy tuong
dong hanh vi gita nguoi ding dé phat hién so
thich tiém 4n kho quan sat tu ndi dung. Viéc tich

hop nay gilp tang do chinh x4ac, m¢é rong pham
vi khuyén nghi va giam thiéu cac han ché nhu
cold-start hoac sparsity, ddc biét hitu ich trong
cac hé thong khuyén nghi quy mé 16n va dit liéu
da dang.

Ngoai cac phuong phap nén tang, nhiéu
nghién ctru d3 mo rong bang cach tich hop céac
yéu t6 nhu chdm diém theo ngit canh (context-
aware scoring) dé c4 nhan hoa khuyén nghi dua
trén thoi diém, thiét bi hodc trang thai; ting
cudng bang do thi tri thic (knowledge-graph
augmentation) nham khai thac quan hé giira khai
ni¢m, mon hoc va tai nguyén hoc tap; va hoc trén
d6 thi (graph learning) cho mang hai phia (user
— item) dé nang cao d¢ chinh xac ciing nhu kha
ning giai thich két qua khuyén nghi [2], [3], [5].
4. Phuong phap nghién ciru
4.1. Nguén va dic diém div liéu

Dir liéu nghién ctru dugc sinh gia 1ap véi 500
sinh vién va 10.000 tai liéu hoc tap. Thong tin
lich str hoc tap bao gém tai li€u da truy cép, thoi
gian va sd lan truy cp, va dugc sinh gia 1ap hon
1 triéu danh gid cta sinh vién (thang 1-5). Dir
liéu dugc chuan hoa thanh User—Item Rating
Matrix, trong d6 User la ma sinh vién, Item la
ma tai liéu, con Rating biéu thi mirc d6 tuong tac
hodc diém danh gia (quy doi tir thoi gian hoc, sb
lan truy cap hodc danh gia sao).

4.2. Quy trinh tién xiv ly dit lidu

Trudc khi dp dung thuét toan khuyén nghi, dit
liu dugc xir Iy qua cac bude gom: 1am sach dir
liéu bang cach loai bo ban ghi tring lap va xir 1y
dit li¢u thiéu thong qua ky thuat gia tri trung binh
hodc loai bé néu ty 18 thiéu vuot qua 50%; chuan
hoa danh gia bang cach quy ddi cac chi s6 tuong
tac vé thang diém chuan (vi du 1-5) va ap dung
z-score normalization khi can thiét; ma hoa dit
liéu bang index encoding dé biéu dién sinh vién
va tai liéu dudi dang chi s6 sb hoc; cudi cung la
tach dir licu thanh tap huin luyén va kiém tra
bang train-test split ty 1& 80% train — 20% test.
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4.3. Ky thudt khuyén nghi
4.3.1. Ky thudt Loc cong tdac

Cac moé hinh hién dai nhu Matrix
Factorization (SVD, ALS, NMF) va Neural
Collaborative Filtering (NCF) hoc vector tiém
an (latent factors) dai dién cho s thich user va
ddc trung item, cho phép khai quat hoa trong
khong gian thua. Trong bai bdo nay, tic gia su
dung m6 hinh Matrix Factorization (SVD) nham
biéu dién ngudi dung va ddi tugng trong khong
gian tiém an (latent space):

R=PQ" (1)

Trong do:

e PER™*: ma tran vector tiém an ciia nguoi
dung

e Q€ER"*: ma tran vector tiém an clia san pham

o k: s chiéu ciia khong gian déc trung tiém an

Dy doan rating: r.; =79, voi pu,qi 1an luot 1a
vector tiém an cua user u va item 1.
Viéc huan luyén to1 uu
min
, QZu,i)eK(rui — Bl qy) + A(1pul? + 11,
trong d6 K 1a tap céac cap (u,i) co rating quan sat
duoc.

4.3.2. Ky thudt Loc noi dung

CBF la phuong phép goi y dua trén mo hinh
hoa ndi dung item va hd so s& thich user trong
cuing khong gian ddc trung. Mdi item i dugc biéu
dién bang vector dic trung ndi dung:
xi=[xi,%i2, ..., xia "ER? | trong d6 x 12 gia tri dic
trung tht k (c6 thé tir TF-IDF, embedding, one-
hot, v.v.). Ho so ngudi dung u duoc xay dung tir
cac item ma ho da danh gia cao hodc tuong tac
tich cuc. C6 hai cach phd bién xay dung hd so

nguoi dung la phuong phap Trung binh don gian
(Average Profile) va phuong phap Trung binh c6
trong s6 (Weighted Profile). Mtrc d6 phu hop
hodc diém goi ¥ r.; giita user u va item i thudng
dugc do bang do twong dong cosine. Trong bai
bao, thay vi diing d6 do cosine tuyén tinh, tac gia
ap dung ham 4nh xa phi tuyén r;=f{(pux;), trong
d6 f1a mo hinh RF nham mé hinh hoa mdi quan
hé phuec tap gilra cac déc trung ctia ngudi dung
va d6i tuong. Thay vi huan luyén mot cdy duy
nhat d& bi qua khép (overfitting), RF huan luyén
nhiéu ciy ngau nhién va lay trung binh hoic bo
phiéu két qua ciia ching.

Trong bai b4o nay, RF dugc lya chon vi phu
hop véi dit liéu dang bang (tabular), gom céc dic
trung rd rang nhu do twong dong nodi dung, do
phé bién va chi bao danh muyc. So véi Neural
Network hay Deep Learning, Random Forest 6n
dinh hon véi dir li¢u khong qua 16n, it rai ro
overfitting va d& huén luyén. Ngoai ra, mé hinh
nay c6 kha nang dién giai tot hon thong qua phan
tich tAm quan trong dic trung, phu hop véi yéu
cau minh bach trong hé théng khuyén nghi gido
duc.

4.3.3. M6 hinh lai

Mo hinh lai 1a phuong phéap két hop CF va
CBF, nham khai thac vu diém cua timg mé hinh
va khic phyuc nhuogc diém riéng 1é. Trong cu
hinh lai tuyén tinh dién hinh, diém goi y duoc
tinh theo cong thirc:
Score(u,i)=a-CF(u,i)+(1—a)-CBF(u,i), trong do
a diéu chinh muc vu tién giira tin hidu cong dong
(CF) va ngi dung (CBF).
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5. Trién khai h¢ théng

5.1. Kién triic hé thong

Ma tran Rating R
LMS
HO so user U
Tién xit ly Dit Ma tran déc trung
lidu item X

SVD (CF)
Hybrid

Random Forest
(CBF)

Hinh 1. Kién tric hé thdng khuyén nghi st dung CF, CBF va hybrid

Hé thong (Hinh 1) dugc thiét ké theo kién trac
hai nhanh song song CF va CBF két hop tai 16p
hybrid. Dir lidu tir LMS dugc tién xtr 1y dé tao
ma tran rating R va ma tran dac trung ndi dung
item X. Nhanh CF st dung SVD dé sinh ma tran
du doan Rcr dya trén hanh vi cong dong. Nhanh
CBF xiy dyng hd so nguodi dung va ding
Random Forest dé tao ma tran dy doan Rcsr. Hai
nguon duy  doan theo
Ruy=0.8Rcr+0.2Rcpr.

dugc két hop

Hé théng duoc xay dung bang Python véi cc
thu vién nhu scikit-learn va Surprise, trién khai
ca thuat toan CF va CBF, dong thoi két hop hai
phuong phéap dé tao ra mé hinh lai (hybrid) nham
t6i wu hoa chat luong goi . Sau d6 tién hanh so

5.3. Md minh hoa

Pau vao:
Tap danh gia R
S6 users n, , S6 items n;
Pau ra:
Ma tran dy doan R
Phuong phap:
Chuidn bi dit 1liéu

sanh, danh gia d6 chinh xac va do da dang gitra
3 phuong phép.

5.2. Luéng xir Iy dit ligu va khuyén nghi

Quy trinh khuyén nghi duoc trién khai qua cac
budc sau: dau tién hé thong sinh dir liéu gia lap;
tiép dén dir liéu dugc tién xir Iy thong qua céc budce
lam sach, chuan hoa diém danh gia va tinh toan
TF-IDF cho tai liéu; sau d6 tién hanh tinh toan mo
hinh khuyén nghi, trong d6 CF xay dung ma tran
twrong dong nguoi dung, con CBF tao vector dic
trung ndi dung tai liéu va hd so sinh vién; budr tiép
theo 13 tao danh sach khuyén nghi bang cach du
doan diém cho nhiing tai liéu chua hoc rdi sip xép
theo thtr tr giam dan; cudi ciing, danh sach khuyén
nghi duoc hién thi cho nguoi ding.

Xay dung tap dit liéu huén luyén Dtrain « build full trainset (R)

Khéi tao mé hinh
Khdi tao mdé hinh SVD.
Hudn luyén mé hinh
Huldn luyén SVD trén Dirain
SVD-Fit (Dtrain)
Khéi tao ma tradn du doan
R - Onyxn;
Dy doan Rating
for each user u=1 to n, do
for each item i=1 to n; do

R —SVD.predict (u, 1)
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end for
end for

Return R

Dit li¢u ciia tp danh gia R dwoc chuyén thanh ma tran Diain, bing build_full_trainset(). M6 hinh SVD dugc huén luyén trén
ma trin Dyain. Tir d6, hé théng du doan diém cho timg cip (u, i) bang predict(u, i), va luu két qua ma tran du doan R 1am rating uéc

luong, phuc vu cho viéc xép hang va goi y.

Pau vao:

Bang théng tin item items df, D& liéu danh giéd ratings df, S6 luong item n;

Pau ra:

Ma tran dic trung item chudn héa X, Vector dic trung clla toan bd item g

Phuong phap:
Trich xuit dic trung van ban (TF-IDF)

Ap dung TF-IDF 1én mé t& vdn ban cua tung item
M3 héa dac trung danh muc (One-Hot Encoding)
Chuyén danh muc ctia mdi item thanh vector one-hot, Thu dugc ma trdn X

Tinh toan dic trung dé phd bién

Xac dinh cédc dénh giéd 16n hon 3 1la “like”.

Ppém sb& luot “like” cho mdi item.

Chudn héa sb lugt “like” vé& khoang [0,1].

Két hop dic trung (Feature Fusion)

Nhan mdi loai ddc trung vdéi trong sb tuong ung.
Ghép dic trung vdn ban, danh muc va d6 phd bién thanh mét vector duy nhit cho mdi

item.
Chuan héa biéu dién item

Chudn héa mdi vector dic trung cua item vé d6 dai don vi.

Tinh vector dac trung toan cuc

L4y trung binh cta t&t ca vector dic trung item thanh vector g.

Tra vé két qua
Xudt ma trdn X va vector g.

Thuét toan nay xay dung ddc trung ndi dung
(content features) cho ting item bang cach két
hop ba ngudn thong tin chinh: TF-IDF (60%)
biéu dién noi dung van ban mo ta item, su dung
n-gram (1-2) va chuan hoé theo log-scale dé
giam trong s6 clia cac tir xuat hién qua thudng
xuyén; One-Hot (30%) ma hoa thé loai item duéi
dang vector nhi phan, giip mé hinh phan biét cac

Pau vao:

nhom danh muc khéc nhau; Popularity (10%)
phan anh mirc d6 phd bién duya trén s6 luot thich
(rating > 3), dwoc chuan hod vé khoang [0,1] dé
dam bao ty 1¢ can bang. Ba thanh phan nay dugc
ghép lai tao thanh ma tran dac trung X. Vector
trung binh g dwogc tinh 1am chuén tham chiéu
toan cuc cho cac nguoi dung chua co lich su
tuong tac.

Téap d&t 1liéu danh gid R, Ma tran dac trung item X, Vector dac trung g

Pau ra:

Ma tran hd so ngudi dung U
Phuong phap:

Khéi tao hd so nguoi diung

Tao ma tran hd so ngudi dung U véi kich thudc nuxd, ban diu chtta toan sb 0.
Véi méi nguoi dung u=1 dén n,, thuc hién:
Xac dinh tép item ma nguoi dung yéu thich

Xay dung hd so ban diu ciéia ngudi dung

Néu ngudi dung cé it nhdt mdét item yéu thich thi U duoc tinh bing
trung binh ddc trung cua céac item dé. Nguoc lai, st dung vector dac
trung toan cuc g lam hd so ban diu.

Lam tron hd so ngudi dung véi dic trung toan cuc

Chudn héa hd so ngudi ding
Luu hd so ngudi dung

Gan vector hd so da chudn héa vao hang tuong Gng trong ma tran U.

Tra vé két qua

Xudt ma tran hé so ngudi dung U.
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Doan mé xy dung hd so ngudi ding U (user profiles): Vi mdi user u, ldy cac item c0 rating > 3, tinh trung binh vector déc
trung cia chiing d€ biéu dién sé thich ndi dung. Néu user chua c6 tuong tac, dung glam thay thé. Tron 0.9 x profile + 0.1 x global vec
dé giam nhiéu, r6i chuan hod L2. U 14 vector s thich chuan hoa ciia user u, dung dé tinh do twong déng ndi dung trong CBF.

Pau vao:
Tédp d&t liéu danh gid R, Ma tran dac trung item X
Ma tran hd so ngudi dung U, Vector dé phd bién cua item
Tap danh muc yéu thich cua tung ngudi dung user fav
sé6 luong ngudi dung n, , sb luong item nj
Pau ra:
Ma tran dy doan I?CBF
Phuong phap:
Liy mdu dit liéu hudn luyén tir tap R
Xay dyng dic trung huin luyén M
Véi mdi ban ghi dugc 14y miu (u, i, rui)
Tinh d6 tuong ddng gita hd so ngudi dung U, va dic trung item X;.
X4c dinh xem danh muc cua item i cé6 thudc danh muc yéu thich cua ngudi
dung u hay khéng.
Ly gid tri d6 phd bién cua item.
Tao vector dic trung gdm: d6 tuong ddng ndi dung, 46 phd bién cua item,
chi bdo danh muc yéu thich.
St dung rating thuc té& ry; lam nhan huidn luyén.
Hudn luyén mé hinh hdi quy
Huldn luyén mé hinh Random Forest Regressor trén tdp ddc trung M.
Khéi tao ma tran du doan
Tao ma tran rdng Resr kich thudc nuxn;
Sinh du doan cho toan bd user-item
Véi méi ngudoi dung u=1 dé&n n,:
Tinh d6 tuong ddng gita hd so U, va tit ca cac item trong X.
Vi mdi item, xdy dung vector dic trung.
Dung mé hinh Random Forest d& du dodn rating cho t&t ca item.
Cét gid tri du doan vé khoang [0,5].
Luu két qua vao hang u cua Resr.
Doan mé huén luyén CBF dya trén ba tin hiéu chlnh do twong dong n6i dung (sim), 6 phd bién (popularl ty), va muc
d6 phu hop thé loai (fav). M6 hinh Random Forest hoc méi quan hé phi tuyén giita cac dic trung nay va rating thuc té, sau d6 sinh
ma tran du doan Rcgr cho toan bd user—item, 1am nén cho phén hybrid.

Pau vao:
Ma trédn dy doan CF ﬁ@y Ma tran dyu doan CBF Rewp
S6 luong ngudi dung n, , sbé luong item n;
Trong sb két hop o=0,8 (uu tién CF)
Pau ra:
Ma tréan dy doan lai R
Phuong phép:
Khéi tao ma tréan lai
Tao ma tran Rs kich thudc nuyxn; , ban ddu chta toan sé 0.
Két hop du doan cho ting ngudi diung
Véi mdi ngudi dung u=1 dén ny:
Tinh du doan lai bdng cach két hop tuyén tinh gitta Rer va Rezr:
Du dodn cua CF dugc gan trong sb o.
Du dodn cua CBF dugc gan trong sb l-o.
Luu két quad vao hang tuong Gng trong Ry.
Tra vé két qua
Xuldt ma tran du doan lai Ry

Mo hinh lai hybrid = a-CF + (1-a)-CBF két  ctia ca SVD va Random Forest déu dugc chuan
hop wu thé cua ca hai phwong phap CF va CBF.  hoéa vé cung thang diém rating [0,5] thong qua
Rcr 1a ma tran du doan tir CF, trong khi Rcsr  budc clipping, dam bao hai ma tran Rcr  va
dugc sinh tir CBF. Trudc khi két hop, du doan  Rcsr c6 cung don vi va bién do. Nho do, phép
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cong trong so trong 16p hybrid phan anh ding ~ CBF dé bu dap cac trudng hop thiéu dir liéu
mirc d6 wu tién cua timg moé hinh ma khéng bi  nguoi dung hoic d6i tuong (cold-start). a=0.8
1éch do khac bi¢t thang do. Tham s6a=0.8uu  duoc chon nham nhin manh vai tro ciia CF trong
tién trong s6 cho CF nho kha niang khai thac  tang tinh da dang, du Precision c6 thé giam nhe
quan hé cong dong, con (1—-a) = 0.2 danh cho  so v&i CBF.

6. Thuc nghiém va két qua
6.1. Muc tiéu thuc nghiém
Muc tiéu chinh ctia phan thyc nghiém la: Danh gia hi¢u suit ciia hai phuong phap khuyén nghi CF

va CBF. Sau d6 ding mé hinh lai (hybrid) nham cai thién chét lugng khuyén nghi. M6 hinh sir dung
cong thirc (2) dé tinh do chinh xac Precision@5 va cong thirc (3) dé tinh su da dang Diversity@5.

lwong item goi y diing trong top k
k

2

Precision@k =

Item goi ¥ ding nghia 13 item d6 nam trong danh sach that sy dugc nguoi dung yéu thich, trong
truong hop nay, vi mdi user duge goi ¥ k=5 item.

Diversity@k =1—MeanSim(R,) (3)

. ., 1 - . ~ X s i~ .
Trong d6: MeanSim(R,) = D D Y-S sim(x;, , x;,) d0 twrong dong trung binh giira cac
o s \ . aed’ \ A A . o~ ..
cap item va sim(x;,, x;,) = m la 46 tuong dong cosine gitra hai item.
xia . xib

P S

# Thuidt toan 6: Panh gia hiéu suat hé thoéng khuyén nghi

# _________________________________________________________________________

Pau vao:

Ma tran dy doan R , Ma tran ddc trung item X
Tap dit 1iéu danh gid R, Kich thudc danh sach khuyén nghi Top-k véi k=5
s6 luong ngudi dung d& danh gid nev.;=1000
Pau ra:
Precision@k, Diversity@k, RMSE
Phuong phép:
Khéi tao cdc danh sach rdng: Prec, Div.
Voi méi ngudi dung u=1 dén Neva1, thuc hién:
Tao danh sach khuyén nghi Top-k
Xac dinh tédp item thuc sy lién quan (ground truth)
Bé qua ngudi dung néu khéng cé item lién quan
Tinh sé 1lan “trang” (hits)
Ppém sbé item chung gitta danh s&ch khuyén nghi va ground truth.
Tinh cac chi sé danh gia
Precision@5: sé hits chia cho 5.
Tinh d6 da dang (Diversity)
Ly dic trung cua cadc item trong danh sach khuyén nghi.
Tinh ma trdn tuong ddng gita cdc item nay.
Ly gid tri trung binh clla phdn tam gidc trén.
Ppd da dang duoc tinh bang: 1 - d6 tuong déng trung binh.
Luu két qua
Thém Precision va Diversity cua ngudi dung vao Prec, Div.
Tinh gia tri trung binh cuéi clng
Precision@5 = trung binh cua tdt ca gid tri trong Prec.
Diversity@5 = trung binh cta tdt cd gid tri trong Div.
Ly miu ngdu nhién tbéi da 1.000 ban ghi tu tdp danh gid R.
véi mdi ban ghi (u,i,ru.;) trong miu:
So sanh rating thuc té r.; véi rating du doan Ry
Tinh RMSE trén toan bd miu.
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Thuat todn tinh toan  Precision@),
Diversity(@3 trén tap nguoi dung, ky thuat MMR
(Maximal Marginal Relevance) dung mdt ham
muc tidu (objective function) dé chon tap goi ¥
tdi uu, sao cho céc item duge chon lién quan cao
nhit t6i nguoi ding nhung khong qua gidng
nhau, dé ting da dang danh sach goi y. MMR tim
ra item vua phu hop, vira khac bi¢t so véi nhirng
item da duoc chon trudc d6 dam bao can béng
gitta lién quan va da dang.

6.4. Két qud thue nghiém
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6.2. Moi truwong thuwc nghiém

Mo hinh chay trén nén tang Google Colab
(Python 3.10). Thu vién: pandas, numpy, scikit-
learn, surprise, matplotlib, seaborn.

6.3. Thiét ldp dit liéu

Dt liéu dugc gia 1ap dua trén dac diém thuc
té cua khoa Tri tué nhan tao:

- 6 sinh vién: 500

- S6 tai liéu hoc tap: 10.000

- S6 luot dénh gia: 1.319.152 (thang diém 1-5)
- 80% train: huan luyén mé hinh khuyén nghi.

- 20% test: danh gia do chinh xac dy doan.

Béng 1. Lya chon trong s6 o cho md hinh hybrid

Trong sd a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Precision@5 | 0.62 0.61 0.60 0.59 0.58 0.58 0.57 0.57 0.56
Diversity@5 | 0.41 0.45 0.50 0.56 0.61 0.64 0.66 0.67 0.67

Bang 1 trinh bay viéc lwa chon trong sé « trong md hinh hybrid. a=0.8 khong phai tiy ¥, ma duoc
xé4c dinh thong qua thuc nghiém quét tham sé (grid search) trén tap kiém tra, voi o thay doi tir 0.1
dén 0.9. Két qua cho thiy khi a ting, Diversity cai thién nhung Precision giam dan; nguoc lai, khi a
nhd, Precision cao nhung Diversity thép. Gia tri 0=0.8 dugc chon vi dat su can béng t6t nhat gitra
Precision va Diversity.

Bang 2. So sanh hiéu sut giita 3 phuong phap CF, CBF va hybrid

Phwong Phap RMSE Precision@5 Diversity@5
CF 0.49 0.55 0.68
CBF 0.48 0.63 0.33
Hybrid 0.49 0.57 0.67

So Sénh ti 1¢ sai s6 (RMSE) Do chinh xéac
(Precision@5) va d6 da dang (Diversity@5) cta
3 phuong phap CF, CBF, hybrid

0.8
0.6
0.4
0.2
0
RMSE Precision@5 Diversity@5
mCF CBF m Hybrid

Hinh 2. Hiéu suét ctia ba phuwong phap CF, CBF va hybrid
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Hinh 2 cho thay ca ba phuong phap déu cho
ti 1& sai s6 thap <= 0,49/5 ti 1¢ du6i 10%. RMSE
cua ba mo hinh tuong duong, chénh 1éch khong
dang ké (<0.01). M6 hinh lai dat sy can bang tot
hon gifra Precision (57%) va Diversity (67%), du
Precision thap hon CBF.

7. Thao luan
7.1. Phén tich nguyén nhin két qud

Két qua thuc nghiém (Muc 6.4) chitng minh
rang md hinh lai dat hiéu qua tong hop tt nhat,
gitip can bang giita do chinh xac cua CBF va da
dang ctia CF trong khuyén nghi tai liéu. N6 gitip
sinh vién nhan dugc khuyén nghi cac tai lidu sat
nhu ciu nhung van phong pht, da dang. Vé mit
co ché, diéu nay phan anh sy bd sung 1an nhau
giita hai hudng tiép can nén tang. Cu thé, CF thé
hién wu thé trong viéc khai thac cAu trac hanh vi
tap thé, tan dung tuong quan giita user dé nhan
dién cac mau tiéu thu tai liéu tiém an. Khi quy
mo va mat do dir liéu du 16n, CF hinh thanh duogc
khong gian ngit nghia ngdm phan anh s¢ thich
hoc tép cua cong dong. Tuy nhién, CF vén phy
thudc manh vao lugng tuong tac, nén khi xuat
hién sinh vién hodc tai liéu méi (van & cold-
start), kha ndng dy doan suy giam 10 rét. Nguoc
lai, CBF dya vao dac trung ndi dung va hd so ca
nhén héa, cho phép khuyén nghi doc 1ap véi hanh
vi ctia ngudi khac, do d6 khac phuc phan nao han
ché cold-start. Dau vay, CBF lai c6 xu hudng roi
vao hién twong khuyén nghi qua hep
(overspecialization) chi lap lai cac lya chon tuong
tu, lam suy gidm d¢ da dang va kha ning kham
pha. Mo hinh lai dung hoa hai cyc: st dung CF
dé khai thac tri thirc cong dong va CBF dé phan
tich ngr nghia ndi dung, tir d6 tao nén mot khong
gian goi ¥ c6 tinh tong hop cao hon. Sy phdi hop
nay khong chi giam thiéu rii ro cold-start ma con
cai thién do phu ndi dung, tdng tinh da dang ma
van duy tri d§ chinh xac du doan mot can béng
ma cac mod hinh don 1é kho dat duoc.

7.2. Tdc dpng thuc tién

Viéc tich hop hé théng khuyén nghi tai liéu
hoc tap vao moi truong hoc tap truc tuyén (LMS)

mé ra hudng tiép can méi trong quan 1y va ca
nhan hoéa hoat dong hoc tap. Ddi véi sinh vién,
hé¢ théng khong chi gitp rat ngan thoi gian tim
kiém tai liéu ma con dinh hudng ho dén cac
ngudn hoc liéu pht hop vai nang lyc, sé thich va
tién trinh hoc tap, qua d6 nang cao muc d gin
két va dong lyc hoc. béi voi giang vién, dir li¢u
tir hé thdng khuyén nghi cho phép ho nim bit
sau hon hanh vi hoc tap cua ting ca nhan, ho tro
viéc diéu chinh noi dung, phwong phép va toc do
giang day mot cach linh hoat, dya trén nhu cau
thuc té ctia ngudi hoc. V& phia quéan 1y dao tao,
viéc ap dung hé théng nay mang lai kha ning toi
wu hoa st dung tai nguyén hoc tap, dong thoi
cung cap céac chi sé dinh luong vé xu huéng va
nhu céu hoc tap, lam co s& cho viée hoach dinh
chién luoc phét trién chuong trinh va nang cao
chit lugng dao tao trén quy mo toan hé thong.

V& mit su pham, Precision cao gitip sinh vién
nhan dugc nhiéu tai liéu “dang” hon véi nhu cau
hién tai, gidm rui ro lang phi thoi gian. Tuy nhién,
mot hé théng chi téi wru Precision (nhu CBF) ¢6
xu hudng roi vao hién tuong overspecialization —
chi khuyén nghi nhing tai liéu rat gidng véi
nhiing gi sinh vién da xem trudc d6. Didu nay cé
thé lam thu hep pham vi tiép can kién thure, han
ché kha nang kham pha (exploration), va khién
sinh vién bo 16 nhiing tai liéu hitu ich nhung khac
biét vé ndi dung. Nguoc lai, mo hinh hybrid, véi
Precision thap hon mot chut nhung Diversity cao
hon déng ké (67% so v&i 33% ciia CBF), tao ra
danh sach khuyén nghi can bang hon giita khai
thac (exploitation) va kham phé (exploration).
Diéu nay dic biét quan trong trong gido duc, noi
muc tiéu khong chi 14 toi da hoa mirc do phu hop
tuc thoi, ma con moé rdng hiéu biét, kich thich tu
duy da chiéu va hd trg hoc tap dai han. Viéc sinh
vién tiép can mot sd tai lidu “khong hoan toan tbi
uu” ¢6 thé van mang lai gia tri hoc tap néu ching
gitip ho tiép can goc nhin méi hodc két ndi kién
thure lién nganh.
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8. Két luan va hwéng phat trién

Nghién ctru nay gidi thiéu moét hé thong
khuyén nghi tai liéu hoc tép nham hd trg sinh vién
lua chon tai liéu hoc tap phu hop va gip giang
vién theo dbi tién trinh hoc tap hi¢u qua hon. Hé
thong dugc xdy dyng trén nén tang quy trinh xtr
1y dit liéu c6 kiém soat va thir nghiém c6 hé thong
hai hudng tiép can kinh dién CF va CBF. Két qua
cho thiy m6 hinh lai gitra CF va CBF dat hiéu qua
can b?mg tbi uu gitra d¢ chinh xac va d¢ da dang
thé hién sy bo trg 1an nhau giita tri thirc cong dong
va dac trung ndi dung. Pong gop chinh cua
nghién ctru & viée diéu chinh va tich hop hiéu qua
cac md hinh CF, CBF, va hybrid vao bdi canh
gi4o duc dai hoc Viét Nam, chirng minh tinh kha
thi va hiéu qua can bang Precision, Diversity
trong méi truong hoc truc tuyén. Du dat két qua
khé quan, nghién ctru van con mot s6 gidi han: (1)
chua tich hop yéu té ngit canh nhu tién d6 hoc
tap, khung thoi gian, hay muc tiéu ca nhan hoa
ctia tirng ngudi hoc von ¢6 anh hudng manh dén
tinh phii hop ctia khuyén nghi; (2) chua khai thac
cac md hinh hoc sau (Deep Learning) véi kha
nang hoc biéu dién ngir nghia da chiéu, vn dang
chimg t6 wu thé vuot trdi trong cic hé thong
khuyén nghij hién dai.

Trong tuong lai, h¢ théng c6 thé duge mo
rong theo cac hudng: (1) tich hop nglr canh hoc
tap, xem xét yéu tb thoi gian, tién dd moén hoc va
muyc tiéu hoc tap dé tao khuyén nghi sat thuc té
hon; (2) ap dung Deep Learning, sir dung cac mo
hinh hi¢n dai nhu Neural Collaborative Filtering,
BERT4Rec hoic Graph Neural Networks dé cai
thién kha nang hoc dic trung va xu ly dir licu
phtc tap; (3) khuyén nghi da phuong tién, mo
rong kha nang khuyén nghi sang video, audio,
tai liéu twong tac va khoa hoc truc tuyén; (4)
danh gia tac dong lau dai: do luong tac dong cua
hé thong dén két qua hoc tip va mirc d6 gan bo
ctia sinh vién trong nhiéu hoc ky lién tiép.

Viéc trién khai thanh céng mot hé thong
khuyén nghi hiéu qua trong gido duc khong chi
giip ca nhan hoéa trai nghiém hoc tdp ma con gop

phén nang cao hiéu quéa sir dung tai nguyén dao
tao va ho tro ra quyét dinh cho gidng vién va nha
quéan ly. Do dit liu thuc nghiém trong bai bao
hién tai 14 dir liéu gia 1ap nham kiém soét va danh
gi4 c6 hé théng mo hinh CF, CBF va hybrid, trong
twong lai can ké hoach thir nghiém trén dir lidu
thye té tir hé théng LMS cua Pai hoc Duy Tan
trong tuwong lai dé kiém chimg tinh dung din, kha
ning m& rong va hiéu qua thyc tién cia mo hinh.
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