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Tom tat

Trong béi canh canh tranh gido duc dai hoc, viéc hiéu ro hanh vi thi sinh la yéu
16 song con. Nghién ciru ving dung khai phd dit liéu trén 17.663 ho so thuc té tai Truong
Pai hoc Thi Dau Mot dé phan doan hanh vi nguoi hoc. Quy trinh thuc hién qua ba giai
doan: (1) Ap dung K-Means két hop hé sé Silhouette xdc dinh cdu triic bon phdn doan
161 wu; (2) Sir dung PCA dé giam chiéu va tric quan héa khong gian dir liéu; (3) Kiém
chitng bang Random Forest Classifier va phan tich Feature Importance.

Két qua thue nghiém cho thdy cdc phdan doan dwoc hinh thanh c¢é mirc 6 tach
biét cao trong khong gian dac trung. Budc danh gia noi bo bang Random Forest dat do
chinh xdc 99,28% trong viéc tdi nhdn dién nhan cum, cho thdy cdu triic phan doan c6
tinh nhdt qudn trén tdp div liéu nghién ciru. Nghién ciru dinh danh thanh céng 4 nhém
déc trung: (0) Tin twéng ngi bé & Chii dong so; (1) Tiém nang thu dong; (2) Twong tic
da kénh tich cuc; (3) Tdp trung ndi dung sé. Phén tich trong sé thuéc tinh khdng dinh
Website TDMU (23,36%) va s gioi thiéu tir nguoi than (13,67%) la hai nhdn 16 then
chét dinh hinh hanh vi. Nhitng phat hi¢n nay cung cdp co s0 khoa hoc giup nha truong
chuyén doi tir chién lwgc tw van dai tra sang ca nhan hoa, 16i wu héa nguon hec truyén
théng trong ky nguyén sé.

Tvr khoa:. Hanh vi thi sinh, khai pha dir liéu gido duc, PCA, K-Means, Random Forest.

Abstract

IDENTIFYING DIGITAL-AGE CONTESTANT PROFILES THROUGH

THE K-MEANS CLUSTERING MODEL

In the context of competitive higher education, understanding student behavior
is crucial. This study applies data mining to 17,663 real-world records at Thu Dau Mot
University to segment student behavior. The process is carried out in three stages: (1)
Applying K-Means combined with Silhouette coefficients to determine the optimal 4-
segment structure; (2) Using PCA to reduce dimensionality and visualize the data
space; (3) Verification using Random Forest Classifier and Feature Importance
analysis.

Experimental results show that the formed segments have a high degree of
separation in the feature space. The internal evaluation step using Random Forest
achieved 99.28% accuracy in re-identifying cluster labels, showing that the segment
structure is consistent across the research dataset. The study successfully identified 4
feature groups: (0) Internal Trust & Digital Proactiveness; (1) Passive Potential; (2)
Positive Multi-Channel Interaction; (3) Focus on digital content. Attribute weight
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analysis confirms TDMU Website (23.36%) and referrals from relatives (13.67%) are
two key factors shaping behavior. These findings provide a scientific basis to help the
university shift from a mass counseling strategy to a personalized one, optimizing
communication resources in the digital age.

Keywords: Candidate behavior, Educational data mining, K-Means, Random Forest,
PCA

1. it van dé

Trong ky nguyén chuyén ddi sb, nganh gido duc dai hoc dang ddi mat voi nhiing
thach thirc chua timg c6 trong cong tac tuyén sinh. Su bung nd cua cic kénh truyén
thong da phuong tién da thay doi can ban cach thuc thi sinh tiép can va tuong tic véi
cac co sO gido duc. Thi sinh ngay nay khong con phy thude duy nhat vao cac phuong
thirc truyén théng ma chu dong khai pha thong tin qua hé thdng website, mang xa hoi,
livestream va cdc ngay hoi tu van truc tuyen Sy da dang nay tao ra mot khéi luong dir
liéu hanh vi khong 16, hay con goi 1a “dau vét s6”, chira dung nhitng thong tin gia tri vé
nhu cau va tim 1y ctia ngudi hoc tiém ning.

Tuy nhién, thuc té tai nhiéu co s& giao duc dai hoc hién nay, trong d6 c6 Truong
Pai hoc Thi Dau Mét, cong tac quan tri dit liéu tuyén sinh van chu yéu dimg lai ¢ mirc
d6 thdng ké mé ta co ban. Viéc ap dung mot chién lugc truyén thong “dai tra” cho toan
bd hang chuc ngan thi sinh khong chi gdy lang phi nguén lyc ma con lam giam kha
nang tuong tac c4 nhan hoa — yéu tb then chdt quyet dinh su thanh cong trong viéc thu
hat ngudi hoc. Thach thire dit ra 1a 1am thé nao dé phan loai dugc cac nhom thi sinh ¢6
hanh vi tuong d@)ng tur tap dir liéu da kénh phuc tap, tr d6 dua ra cac kich ban tu van
phu hop cho ting ddi tuong cu thé.

Khai pha dir liéu gido duc (Educational Data Mining - EDM) da noi 1én nhu mot
gidi phap dot phd nhim giai quyét bai toan niy. Trong do, phan cym dir li¢u
(Clustering) la mot ky thudt quan trong giip nhan dién cac céu trac tlem an trong dir
liéu ma khong can dan nhan trude. Thuat toan K-Means v6i uu diém vé tée do xur Iy va
tinh hiéu qua trén tap dir li¢u 16n da dugc tng dung rong rai trong nhiéu linh vuc nghién
ctru hanh vi khach hang. Tuy nhién, mot han ché 16n cia cac nghién ctru phan doan
hanh vi hién nay 14 thiéu di budc kiém ching tinh bén viing cta cac phan doan. Viéc chi
dimg lai ¢ két qua phan cum c6 thé dan dén nhitng nhan dinh cam tinh néu khéng c6 sy
d6i chiéu v6i cac mo hinh hoc méay c6 gidm sat.

Xuat phat tir thuc trang d6, nghién ctru nay duogc thuc hién véi muc tiéu: “Nhan
dién chan dung thi sinh ky nguyén s6 qua mé hinh phan cum K-Means”. Nghién ctru str
dung tap dit liéu thuc ching gdm 17.663 ban ghi dé tra 11 cac cau hoi: (1) Lam thé nao
dé xac dinh s6 luong phan doan thi sinh t&i uu trong khéng gian dir liéu da chidu? (2)
Nhitng dic trung hanh vi ndo dong vai tro quyét dinh trong viéc dinh hinh chan dung thi
sinh? va (3) P tin cdy cta cac phan doan nay khi dugc kiém ching bang mé hinh hoc
may la bao nhiéu?

Tuy nhién, viéc phan doan hanh vi thi sinh trong méi truong tuyén sinh s6 dt ra
nhiéu thach thtrc vé& mat phan tich dir liéu. Dit liéu hanh vi tuyén sinh thuong duoc thu
thap tu nhiéu diém cham khac nhau nhu website, mang xa hdi, livestream, ngay hoi
tuyén sinh, tu van truc tiép va giéi thiéu tir ngudi than. Pic trung cua dit liéu nay 1a tinh
da chiéu, mirc d6 twong quan giita cac bién cao va ton tai nhiéu tin hiéu nhidu, khién cac
phuong phap phan cum truyén théng gip kho khin trong viéc nhan dién cu trac tiém
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4n cua dit liéu.

Trong bdi canh do, viéc két hop giita K-Means, PCA va Random Forest dugc
xem 1a mot huéng tiép can phu hop. PCA gilp giam chidu dir liéu va han ché anh
huong cua hién tuong da cong tuyén gila cac bién hanh vi; K-Means hd tro kham pha
cac nhom ddi twong ¢ dic diém twong ddng ma khong can dir liéu géan nhan; trong khi
Random Forest dugc sir dung nhu mét céng cu danh gia mirc do nhat quan cua ciu trac
phan cum va phén tich tim quan trong cua thudc tinh. Cach tlep can lai nay cho phep
nang cao kha nang dién giai két qua va hd tro xdy dung cac chién luoc tu van tuyén sinh
ca nhan hoa.

2. Tong quan tinh hinh nghién ciru
2.1. Phan khuc nguwoi hoc trong gido duc dai hoc

Phan khiic nguoi hoc (Student Segmentation) tir 1au da dugc cong nhan 1a mat
chién lugc quan trong trong quan tri gido duc. Theo cac nghién ciru kinh dién, thay vi
coi sinh vién 12 mot khéi ddng nhat, viéc chia nho thi truong muc tiéu dya trén nhan
khau hoc, tdm 1y hoc va hanh vi gilp cac trudong dai hoc t6i uu hoa cac nd lyc chiéu
sinh. Tuy nhién, trong mdi trudong s6 hién nay, cac bién sb tmyen thdng nhu dia 1y hay
két qua hoc tap khong con du sitc manh dé giai thich cac quyét dinh phirc tap cia thi
sinh. Cac nghién ctru cua Baker va Yacef (2009), Baker va Inventado (2014) da mé ra
huéng di méi vé khai pha dir liéu gido duc (EDM), tap trung vao viéc trich xuét cac tri
thirc an tir co s dit liéu 16n cta nha truong dé du bao va phén loai hanh vi. Xu huéng
nay dic biét phi hop trong bdi canh méi trudng giao duc so phat trién manh, noi dir liéu
tuong tac da kénh ngay cang tré thanh ngudn tai nguyén chién luge cho quan tri dai hoc
hién dai

2.2. Thudt toan K-Means va bai toan phdn cum hanh vi

K-Means hién 132 mot trong nhiing thuat toan hoc may khong giam sat phd bién
nhét trong cac nghién ciru vé phan doan khach hang va thi sinh. Uu diém ciia K-Means
nam & kha nang xir 1y cac tap dir liéu c6 quy mo 1én véi tbe dd hoi tu nhanh. Nhiéu
nghién ctru trude ddy da ching minh K-Means c6 kha ning nhom cac ddi tugng co
diém cham (touch-points) twong dong thanh cac cum c6 ¥ nghia thuc tién. Tuy nhién,
thach thirc 16n nhat cua thuat todn nay 1a viéc xac dinh s6 luong cum k t6i uu va tinh
nhay cam voi dir liGu nhiéu. Be giai quyét van dé nay, cac nghién ctru hién dai thuong
két hop v6i phuong phap Hé s6 Silhouette dé do luong mirc d6 gan két bén trong cum
va su tach biét gitra cac cum, dam bao tinh khach quan cho moé hinh (Rousseeuw, 1987).

2.3. Sw két hop giiva giam chiéu dii liéu (PCA) va hoc mdy cé gidm sdt

Mot xu huéng ndi bat trong cic nghién ciu EDM gan day la viéc st dung
phuong phap lai (hybrid). Do dit liéu hanh vi thi sinh thuong bao gdm rat nhiéu kénh
tuong tac (da kénh), hién tugng da cong tuyén va da chiéu thuong gay khé khin cho
viéc phan cum. Ky thudt phén tich thanh phan chinh (PCA) dé dugc chimg minh 1a cong
cu hiéu qua dé giam sb lugng bién sd  nhung van giit lai phan 16n thong tin cbt 18i, giup
viéc phan cum tré nén chinh xéac va dé truc quan hoa hon (Jolliffe & Cadima, 2016).

Bén canh do, viéc st dung cdc mo6 hinh hoc may c6 gidm sat nhu Random Forest
Classifier dé kiém chung lai két qua cua hoc may khong gidm sat [a mdt budc tién moi
veé mat phuong phéap ludn. Random Forest, vdi cau tric gom hang tram cay quyét dinh
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doc 1ap, khong chi gitip danh gia do tin cdy cta cic cum di phan loai ma con cung cip
kha nang phan tich dé quan trong thudc tinh (Feature Importance). Diéu nay gilp cac
nha quan tri gido duc hiéu rd tai sao mdt thi sinh lai thudc vé mot phan khuc nhét dinh,
tir d6 co co sé thuc ching dé xdy dung cac chién luoc tic dong hidu qua (Breiman,
2001).

Ngoai cac cong trinh nén tang, nhiéu nghién ctru gan dy trong linh vuc khai pha
dir liéu dd nhin manh vai tro cua dir liéu 16n va hoc may trong viéc t6i wu hoa cac hoat
dong giao duc. Han et al. (2012) da hé thong hoa cac ky thuat khai pha dir liéu quan
trong, bao gdm phan cum, phan loai, luat két hop va tryc quan héa dir liéu. Bén canh do,
Witten et al. (2016) tap trung trinh bay cac phuong phap hoc may va khai pha dir licu
dudi goc d6 img dung thyc tién, hd tro hiéu qua cho viéc phan tich va kham pha tri thirc
tu dir liéu. Dac biét, Pedregosa et al. (2011) da gidi thi¢u thu vién Scikit-learn nhu mot
nén tang ma nguén mo manh mé&, gbp phan pho bién viéc trién khai cac thuat todn hoc
may trong nghién ctru va trng dung khai pha dir liéu.

Cac nghién ctru gan day cho thdy xu hudng Gmg dung hoc may va khai pha dir
lidu trong gido duc dang chuyén dich tir cac mo hinh du béo truyén théng sang cac
phuong phap c6 kha ning giai thich va hd trg ra quyét dinh. Alvarez-Garcia et al.
(2024) di ap dung céc ky thuat phan tich phan cum c6 kha ning giai thich dé xay dung
chan dung nguoi hoc dua trén bo dit liéu PISA 2022, qua d6 cung cip co sd cho viéc
nhéan dién cic nhom hoc sinh c¢6 dic diém hoc tap tuong déng. Bén canh do, Susnjak
(2024) nhan manh vai trd cta tri tué nhan tao c6 kha ning giai thich (Explainable
Artificial Intelligence — XAI) va phan tich du bao trong viéc ca nhan hda cac can thiép
gido duc, gop phan nang cao hiéu qua hd trg ngudi hoc. Pong thoi, Matz et al. (2023)
da chimg minh rang dir liéu twong tac s6 va dit liéu hanh vi da ngudn co thé dugc khai
thac hiéu qua dé nhan dién dic diém ca nhan ciing nhu du bao kha ning duy tri hoc tap
ctia ngudi hoc. Cac két qua nay cho thiy tiém ning cta viéc két hop cac ki thuat phan
cum, giam chiéu va hoc may trong vi¢c xay dung chan dung nguodi hoc dya trén dir licu
da kénh.

Tuy nhién, phan 16n cac nghién ciru tap trung vao dir liéu hoc tap truc tuyén
hodc thuong mai dién tir gido duc, trong khi cac nghién ctru khai thac dir liéu hanh vi
tuyen sinh da kénh tai Viét Nam van con han ché, khoang trong nghién ctru hién nay
nam & viéc thiéu cac mo hinh phan doan hanh vi thi sinh dua trén dir liéu tuyen sinh da
kénh quy md 16n va duoc kiém chimg bang cac ky thuat hoc may hd tro dién giai két
qua. Nghién ctru nay hudng t6i lap day khoang trong do, thong qua viéc xdy dung quy
trinh phan tich tich hgp K-Means, PCA va Random Forest trén tap dir liéu gom 17.663
ho so thuc té.

3. Phuwong phap nghién ciru

Quy trinh nghién ctru dwoc trién khai theo hudng tiép can khai pha di liéu (Data
Mining) két hop hoc may khong gidm sat va co giam sat, nhdm xay dung hé thong phan
doan hanh vi thi sinh mét cach khach quan.

3.1. Thu thdp va tién xir Iy div liéu

Nghién ctru str dung tap dir liéu thuc chimg quy mo 16n tir hé thng quan ly
tuyén sinh cta Trudng Pai hoc Thi Dau Mot (TDMU) giai doan 2023-2025, bao gdm
17.663 ban ghi. Tap dit liéu chia thong tin da chiéu vé phuong thirc xét tuyén, dia diém
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thuong tro va dic biét 1a cac bién dinh lugng vé hanh vi tuong tac trén da kénh
(Website, Facebook, YouTube, Ngay hoi tuyén sinh, Tu van truc tlep, Ban bé nguoi
than giodi thiéu, Phuong tién truyén thong dai ching, Livestream tu vén,...).

Quy trinh tién xir 1y duoc thyuce hién qua cac budc:

«Lam sach: Xir ly cac gia trj thiéu bang phuong phap dién gia tri pho bién
(Mode) cho bién dinh danh.

»Ma hoa dir liéu (Label Encoding): Cac thudc tinh dinh tinh nhu phuong thie
tuyén sinh, nganh hoc va noi thudng tri duoc chuyén d6i sang dang sb thong qua ky
thuat Label Encoding nhdm thun tién cho qua trinh Xur 1y dir lidu trén tdp mau 16n gom
17.663 ban ghi. Viéc lua chon phuong phap nay xuat phat tir yéu cau tdi wu hiéu ning
tinh toan va han ché hién tuong gia tang sO chiéu dir liéu khi 4p dung One-Hot
Encoding d6i voi cac thude tinh ¢6 nhidu mirc gia tri. Tuy nhién, nghlen ctru nhan thic
rang Label Encoding c6 thé tao ra quan hé thi bac gia dinh giita cac gia tri danh nghia
khi thudt todn K-Means sit dung khoang cach Euclidean. Vi vay, két qua phan cym
trong nghién ctru can duogc xem xét trong pham vi cta gia dinh nay.

« Chuan hoa (Standardization): Ap dung k¥ thuat StandardScaler dé dua cac
thudc tinh vé ciing mot thang do véi ky vong bang 0 va d6 1éch chuin bang 1, loai bo
sai 1éch do don vi do luong khac nhau gitra cac kénh tuong téc.

3.2. Thudt toan Phédn cum K-Means

Thuét toan K-Means duoc lya chon dé thuc hién phan doan thi sinh nho tde do
héi tu nhanh va kha nang xtr 1y tap dit liéu quy mo 16n hi€u qua. Muc tiéu cua thudt toan
la phan chia n quan sat vao k cum sao cho tong binh phuong khoang cach giita cac diém
dir liéu dén tAm cum (centroid) 1a nho nht.

Ham muc tiéu (Tong binh phuong sai s6 trong cum - WCSS) dugc dinh nghia
nhu sau:

I=iZ||x—ue||:

i=1xeC;
Trong do:

o k: SO lwong cum can phan chia.

o C;: Tap hop céc diém dit liéu thude cum i.

e 11;: TAm cum (gia tri trung binh) ctia cac diém trong C..

o|lx — |:: Khoang cach Euclidean giira diém di liéu x va tim cum ;.
Quy trinh thiee hién bao gom 4 buéc ldp:

- Khéi tao: Chon ngiu nhién k diém 1am tdm cum ban dau.

- Gan cum: Gan mdi thi sinh vao cum c6 tdm gan nhat dua trén khoang cach
Euclidean.

- Cap nhat: Tinh toan lai tim cum u; bang cach iy trung binh cong toa do cua
tat ca thi sinh trong cum do.
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- Ho6i tu: Lap lai bude 2 va 3 cho dén khi vi tri cac tAm cum khong con thay ddi
dang ké.

’ Dé xac dinh s lwong cum tdi wu (k), nghién ctru da trién khai phuong phap hé
sO Silhouette (Silhouette Coefficient).

Silhouette score
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Hinh 1. Biéu do bién thién hé sé Silhouette
Ngudn: Tac gia, 2026
Bang 1. Két qua danh gia hé s6 Silhouette theo s6 lwgng cum

S6 cum (k) Silhouette Score
2 0,270
3 0,258
4 0,195
5 0,161
6 0,173
7 0,164
8 0,170
9 0,173
10 0,164
11 0,170
12 0,170
13 0,166
14 0,169

Ngudn: Tac gia, 2026

Dé xac dinh s6 luong cum téi wu, nghién ctru sir dung hé sb Silhouette trén dai
gia tri tir (k = 2) dén (k = 14). Két qua dugc trinh bay trong Bang 1 cho thiy gia tri
Silhouette dat cao nhat tai (k = 2) (0,270) va giam dan khi s6 cum ting 1én. Mic du (k=
2) va (k = 3) cho gia tri Silhouette cao hon, cau tric cum thu dugc chua phan anh day
du su da dang trong hanh vi tiép can thong tin cua thi sinh. Trong khi do, tai (k = 4), h¢
sO Silhouette van duy tri & muc chdp nhan duogc (0,195) va cac cum hinh thanh ¢6 y
nghia quan tri rd rang, cho phép nhan dién bén nhom hanh vi khac biét gdm: (0) Tin
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tudng ndi bo va chi dong sb; (1) Tiém ning thu dong; (2) Tuong tac da kénh tich cuc;
va (3) Tép trung ndi dung sb. Do dé, nghién ctru lya chon (k = 4) nhu mot diém can
bang giira tiéu chi thong ké va kha nang dién giai thuc tién trong bdi canh quan tri tuyén
sinh ctia Trudng Pai hoc Thi Dau Mét.

3.3. Phan tich thanh phén chinh (PCA)

Nhim khéc phuc hién tuwong da chiéu va loai bo tinh da cong tuyén giira cac
kénh thong tin, nghién ctru 4p dung k¥ thudt phan tich thanh phan chinh (PCA). Phuong
phap nay giup:

« Nén khong gian dir liéu goc xudng con 2 thanh phan chinh (PCA 1 va PCA 2)
nhung van gidi thich dugc hon 42% tong phuong sai cua dir licu.

« Tryc quan hoa ciu tric phan tan cua thi sinh trén mit phang hai chiéu, 1am co
s¢ dé nhan dién céc hinh thai tuong tac dac trung.

Trong nghién ctru ndy, PCA chi duoc st dung cho muc dich giam chiéu va truc
quan hoa dit liéu sau khi qué trinh phan cum K-Means hoan tat. Thuat toan K-Means va
mo hinh Random Forest dugc huin luyén trén tap thudc tinh da chuan hoéa nhung chua
qua bién doi PCA. Viéc sir dung PCA nham hd trg quan sat truc quan murc d6 phan tach
gilta cac cum trén khong gian hai chiéu va khong tham gia truc tiép vao qué trinh tao
nhan cum.

3.4. Kiém chitng mé hinh va ddnh gid thudc tinh

- Pé danh gia muc do tach biét ciia cac phan doan trong khong gian dic trung,
nghién ctru st dung Random Forest Classifier nham tai dy doan cac nhin cum do K-
Means tao ra. Két qud ndy dugc xem la mdt hinh thuc déanh gid ndi bd (internal
validation), khong phai 1a kiém chung doc 1ap trén dir liéu bén ngoai. Kiém chimg bang
thuat toan giam sat: St dung mo hinh Random Forest Classifier dé du doan nhan cym
d3 phan loai. Cac chi sé Accuracy, Precision, Recall va F1-Score duoc tinh toan dé do
luong muc dg tach biét cia cac cum.

- Ma tran nham 1an (Confusion Matrix): Pugc sir dung de klem tra sy nham 1an
giita cac phan doan, dam bao mdi cum c6 mot “bién gidi hanh vi” sac nét.

- B quan trong thugc tinh (Feature Importance): St dung thuét toan Random
Forest dé xac dinh céac bién s6 (features) dong vai tro quyet dinh trong viéc hinh thanh
nén chan dung cia timg phan doan, gitip gii thich ban chét tuong tac clia ngudi hoc.

3.5. Cong cu thuc hién

Toan bg quy trinh phan tich va huén luyén mo hinh dugc thyc hién trén ngén
ngtr 1ap trinh Python 3.14, str dung cac thu vién chuyén dung: Scikit-learn cho cac thuat
toan hoc may, Pandas cho xtr 1y dir lidu va Seaborn/Matplotlib cho truc quan hoa két
qua nghién ctru.

4. Két qua, thao ludn
4.1. Két qua phén doan hanh vi thi sinh

Thong qua viée trién khai thuat toan K-Means két hop v6i ky thudt giam chiéu
dir liéu PCA, nghién ctru da xac dinh dugc cau trac phan doan géom 4 nhom thi sinh
riéng bi¢t. Két qua truc quan hoa trén khong gian 2D (Hinh 2) cho thay cac cum dir licu
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c6 xu hudng hinh thanh cac dai hanh vi song song, minh chung cho viéc thi sinh khong
tuong tac ngau nhién ma tuan theo cac kich ban tiép can thong tin c¢6 quy luat. Thanh
phén chinh PCA 1 giai thich dugc 29,75% bién thién, dong vai tro 1a tryc phan loai chu
dao gitra nhom tuong tac da kénh va nhom tuong tac don 1€.

Trwe quan héa Phan doan Thi sinh TDMU qua PCA (k=4)

Phéan doan 0

% Phén doan 1

Phéan doan 2

P, - Phan doan 3
i . ¥ Tam cum (Centroid)

Thanh phan chinh 2 (PCA 2)

“

-2 -1 0 1 2 3 4 5 6
PCA 1 giai thich: 29.75% | PCA 2 gii thich: 12.62% Thanh phan chinh 1 (PCA 1)

Hinh 2. Biéu do truc quan héa phin doan thi sinh TDMU
Ngudn: Tac gia, 2026

Su phan bé cac diém dir lidu theo cac dai song song trong biéu d6 PCA 1a minh
ching cho viée cac thudce tinh ddu vao (nhu Phuong thirc tuyén sinh, Kénh tu vén...)
khong ton tai doc 1ap ma co sy lién két chit ché theo timg nhém dbi tuong. Viée cac
tam cum (dau X) ndm & vi tri trung tim cila cac mat d6 diém twong tmg khang dinh
thuat toan K-Means da hoi tu tot va xac dinh ding cac “diém neo” dai dién cho chan
dung thi sinh TDMU.

4.2. Pinh danh va dic diém chéan dung cdc phin doan
Dua trén chi sb gia tri trung binh cta cac thudc tinh hanh vi quan trong (Hinh 3),
nghién ctru phéac hoa chin dung 4 phan doan thi sinh nhu sau:

So sanh déc trwng hanh vi giira 4 phan doan thi sinh

096
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Hanh vi

Hinh 3. Biéu do cét so sanh déc trung hanh vi giita 4 phdn doan thi sinh
Ngudn: Tac gia, 2026
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o Phan doan 0 - Nhom “Tin twong ndi bo & Chu dong 56" : Day 1a nhom thi sinh
¢6 6 luong dlem tuong tac rat cao, dic trung boi sy két hop gitra niém tin truyén thong
va hanh vi s6 hoa. Nhom nay dat diém tuyét ddi trong viéc chiu anh huong tir “Ban bé,
ngudi than gidi thiéu” (0,96), ddng thoi so hitu mirc do twong tac vuot tri trén “Mang
xd hoi” (0,86), “Tim kiém trén Internet” (0,82) va “Website TDMU” (0,81). Két qua
nay phan anh xu hudng tdm 1y hoc hanh vi: thi sinh dua ra quyét dinh dya trén sy bao
chung tir nguoi than, sau d6 chu dong sir dung toan b hé sinh thai s6 cta nha truong dé
thAm dinh va cung ¢ niém tin do.

o Phan doan 1 - Nhém “Tiém nang thu dong”: Phan doan nay cé dd thi hanh vi
gan nhu di ngang va tiém cin muc 0,00 & tit ca cac thudc tinh (chi sd cao nhét chi 1a
0,06 ¢ muc nguoi than gidi thleu) bay la tép dir liéu dai dién cho nhom thi sinh chua
phat sinh bat ky “du vét s6” nao trén hé thong truyén théng cua nha truong. Ho Ia
nhom thi sinh méi chi dimg & mirc do nhéan biét thuong hiéu, chua phat sinh hanh vi tim
hiéu sau hoac tuong tac truc tiép vo1 hé théng tu van.

e Phan doan 2 - Nhom “Tuong tac da kénh tich cuc”: Pay la nhom thi sinh co
mirc twong tac da kénh cao nhat, khi ghi nhan chi sb twong tic cao dong déu & ca hai
mat tran tryc tuyén 13n truc tiép. Nhom nay dan dau tai cdc diém cham mang tinh trai
nghiém thuc té nhu “Ngay hoi Tuyen sinh” (0,88) va “Livestream tu van” (0,77). Song
song do, ho thu thap kién thtc kiém ching qua “Website tin tirc” (0,79), “Poan tu van
TDMU tai truong THPT” (0,57) va duy tri mtrc theo doi cao tai “Website TDMU”
(0,72). Nhém nay khong phu thudc vao y kién nguoi than (chi 0,70, thdp hon cum 0) ma
tu minh trai nghiém da kénh dé dua ra lua chon.

« Phan doan 3 - Nhém “Tap trung ndi dung s6”: Nhom nay phan anh chan dung
cua nhiing cong dan s6 thé hé méi voi hanh vi mang tinh doc lap rat cao. Thi sinh cum 3
khai thac thong tin cuc ky manh mé trén “Website TDMU” (0,77) va “Mang xa h1”
(0,41), nhung lai hau nhu khong chiu anh hudng véi cic tac dong ngoai canh nhu “Ban
be, nguo’l than gidi thiéu” (chi 0,03), “Ngay hoi Tuyén sinh” (0, 09) hay “Livestream tu
van” (0,03). Nhom nay c6 xu hudng tu nghién ctru ndi dung s6 mot cach am tham va
ddc 1ap trude khi thuc hién cac bude xét tuyen.

4.3. Kiém chirng dé tin cdy va y nghia cdc thudc tinh
Bing 2. Két qua kiém chirng mé hinh

Cum Precision Recall F1-score Support

0 0,99 1,00 0,99 1224

1 1,00 1,00 1,00 2326

2 1,00 0,97 0,99 584

3 0,99 0,99 0,99 1165
Accuracy 0,99 5299
Macro avg 0,99 0,99 0,99 5299
Weighted avg 0,99 0,99 0,99 5299

Ngudn: Tac gia, 2026

Dé danh gia tinh 6n dinh va su tach biét ciia 4 phan doan thi sinh da xac lap,
nghién ctu thyc hién kiém ching chéo thong qua thudt todn hoc may cd gidm sat
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Random Forest. Bing cach st dung cac dic trung hanh vi ban dau dé du doan nhin cum
tor K-Means, két qua thuc nghiém nhu sau:

« Mo hinh dat do chinh x4c tong thé (Accuracy) 1én dén 99,28%. Céc chi sb
Precision, Recall va F1-score cho ca 4 cum déu dao dong & muc tir 0,97 dén 1,00. Két
qua cho thdy cac thudc tinh hanh vi dugc st dung c6 kha ning phan biét tét giita cac
cum d3 hinh thanh “dau vét s6” (Website, Mang xa hoi, Kénh tu Vén...) mang tinh dac
trung rét cao, cho phép phan loai thi sinh vao cdc nhém hanh vi mét cach gan nhu tuyét
doi.

o Hiéu suét phan loai déng déu: Cum 1 dat cac chi sd Precision va Recall cao
nhat, cho thdy nhém ndy c6 dic trung hanh vi twong ddi rd rang trong pham vi dit liéu
nghién ctru. Cac cum con lai (0, 2, 3) chi ¢ su sai léch rat nho (dudi 3%), goi ¥ rang
cAu tric 4 phan doan c6 muc do 6n dinh tuong ddi cao trén tap dir liéu khao sat.

Ma tran nham 13n (Hinh 4) cung cap ci nhin chi tiét vé su tach biét giita cac
phan doan:

« Dudng chéo chinh chiém vu thé: Hau hét cac mau dit liéu déu nam trén duong
chéo chinh (vi du: 2319 mau cum 1 dugc du doan dling hoan toan). Sy tip trung nay
minh chtng cho viéc thuat toan K-Means di tim ra dugc cc ranh gidi hanh vi rat sic
nét gitra cdc nhom thi sinh tai TDMU.

« Sai s6 khong dang ké: Chi c6 mot sb lugng rat it cac truong hop bi nham 1an,
chfmg han nhu 11 thi sinh ttr Cum 2 bi hé théng dy doan nham sang Cum 3. Sy nham
1an nho nay thuong xuat phét tir nhitng thi sinh ¢6 hanh vi lai (hybrid), sir dung dong
thoi nhiéu kénh tuong tac twong déng nhau.

Ma tran nham lan - Kiém chithg phan doan thi sinh

Cum 0

2000

1500

Cum1

- 1000

cum thuc t& tir K-Means

o~

£ - 4 0 569 11

S

o

- 500

n

£ - 8 3 1

S

o

| | | -0
Cum 0 Cum 1 Cum 2 Cum 3

Cum du doan bai RF

Hinh 4. Biéu d6 ma trdn nham lin — kiém ching phdn doan thi sinh
Ngudn: Tac gia, 2026

Két qua kiém chimg dat 99,28% 1a mot két qua dang cha y trong bdi canh
nghién ctru hanh vi ngudi hoc, no6 cho thay:

- Quy trinh tién xtr Iy va k¥ thuat giam chiéu PCA di loai bo hiéu qua cac nhiéu
thong tin.
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- Cac kénh thong tin truyén thong ctia TDMU goi ¥ sy hinh thanh nhimg nhom
doi tuong thi sinh ¢6 dac thu riéng biét.

- V6i @6 chinh x4c nay, nha truong c6 thé cin nhic sir dung mé hinh Random
Forest dé du doan phan doan cho cac ho so thi sinh méi ngay khi ho phat sinh twong tac
dau tién, tir ¢6 thyc hién chién dich ca nhan hoa tu van kip thoi voi kha niang nhan dién
tuong d6i chinh xac cac nhém hanh vi trén céc dit lidu c6 dic diém twong dong.

Top 15 Thudc tinh quyét dinh Phan doan Thi sinh

Website TDMU 0.2336

Ban bé. ngudi than giéi thigu 0.1367

Mang xé hdi (Youtube, facebook, ..) 01235

0.1048

N&m tuyén sinh

Website tin tic 0.0819

0.0667

Ngay hai Tuyén sinh

Livestream tur van 0.0640

Thudc tinh

Phurong tién truyén théng dai ching 0.0585

Tim kiém trén internet 0.0583

Nganh hoc 00228
Phuong thirc tuyén sinh 0.0206
Doan Tu véan TDMU tai trréng THPT 00148
Noi thurdng tri 0.0139

0.

=3

0 0.05 0.10 015 020
Murc d6 quan trong

Hinh 5. Biéu dé so sanh thudc tinh quyét dinh phan doan thi sinh
Ngudn: Tac gia, 2026

Két qua tir mo hinh Random Forest (Hinh 5) d3 lam sang t6 cac bién s dong vai
tro then chot trong viéc dinh hinh chan dung cac nhém thi sinh tai Pai hoc Thu Dau
Mot. Cac phat hién quan trong bao gom:

e Thudc tinh “Website TDMU” ding dau v&i muc do quan trong vuoQt troi
(0,2336). Piéu nay khang dinh trang web chinh thirc cia nha truong 1a diém cham
(touch-point) cbt 16i nhét, noi thi sinh & tat ca cac cum tap trung khai pha thong tin
chinh thdng. Theo sau d6 13 cac kénh “Mang x3 hoi” (0,1235) va “Website tin tic”
(0,0819), cho thiy hanh vi cta thi sinh hién nay mang dam dic tinh cta ky nguyén sd.

. Truyén thong truyén théng va sy tin tuong: Yéu té ‘Ban be, nguoi than gidi
thiéu” x€p thtr hai véi trong s6 0,1367. Két qua nay chi ra rang, bén canh cac kénh ky
thuat sb, niém tin dua trén su truyen miéng van 14 nhan té quyét dinh dé phan biét cac
nhom thi sinh ¢6 xu hudng cong dong cao.

« Thoi gian va phuong thirc tu van: “Nam tuyen sinh” (0,1048) cho thay c6 su
thay doi 1 rét trong hanh vi thi sinh qua timg nam. Dong thoi, su xut hién cua “Ngay
hoi Tuyén sinh” (0,0667) va “Livestream tu van” (0,0640) véi trong sd twong duong
nhau minh ching cho su ton tai song song giira hai phuong thirc tuong tac: truc tiép va
tryc tuyén.

« Cac yéu t6 nhan khau hoc va dinh huong nganh nghé: Pang chu v, cac yéu to
nhu “Nganh hoc” (0,0228), “Phuong thirc tuyen sinh” (0,0206) va “Noi thuong trg”
(0,0139) c6 trong s6 kha thap. Diéu nay goi y rang hanh vi tiép can thong tin quan trong
hon 13 ddc diém 1y lich c4 nhan trong viéc phan doan thi sinh tai TDMU.

Tur két quad phan tich d§ quan trong cta thudc tinh, nghién ctru dé xuét cac dinh
hudng chién lugc va kich ban tu van theo phan doan:
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- V61 t€p thi sinh tap trung néi dung s6 (Cum 3), hé théng Website TDMU can
tich hop, nang cap cac cong cu tu dong hoa nhu chatbot Al cong tra clru diém chuan
tai liéu hoc bong s6 true quan dé ho ty khai pha ma khong can su can thiép cua tu van
vién truc tlep.

- Kich hoat mang ludi dai st (Cum 0): Tan dung yéu t6 “Ban be, ngudi thin gi6i
thi¢u” bang cach xay dyng cac chuong trinh dai sir sinh vién hodc mang ludi cyu sinh
vién dé tang cudng uy tin truyén miéng.

- Chién dich da kénh tich hop (Cum 2): Ket hop linh hoat gitta Livestream va
Ngay hoi tryc tiép, vi ca hai déu l1a nhing bién s6 c6 gia tri phén loai thi sinh hiéu qua
tuong duong nhau. Nha truong chi nén diéu hudng nguén lyc, giri thu moi dich danh va
t6 chirc cac minigame, talkshow chuyén séu huéng thing vao nhém ddi twong nay dé
tranh lang phi ngan sach t6 chic dai tra cho cac nhom con lai.

- Péi v6i tép dit liéu tinh & Cum 1, can sir dung cac chién dich tin nhan SMS
hodc email marketing véi ndi dung khoi goi, khdo sat ngan nham dinh hudéng ho thuc
hién “diém cham dau ti€n” trén website hodc mang xa hoi cua truong.

4.4. Han ché nghién ciru

Mic du nghién ctru st dung tap dit liéu 16n va da dang, van ton tai mot s6 han
ché. Tht nhat, dit liéu duoc thu thap tor mot co s gido duc duy nhét nén kha nang khai
quat hoa cho cac truong dai hoc khac con han ché. Thir hai, viéc danh gia mé hinh chi
yéu dua trén dit liéu ndi bd va chua thue hién kiém ching ngoai mau theo tung nam
tuyén sinh hodc trén cac nhom thi sinh méi. Thir ba, nghién ctru sir dung phuong phap
Label Encoding dé ma héa cac bién dinh tinh, trong khi chua tién hanh so sanh véi cac
phuong phap ma hoa khac nhu One-Hot Encoding hoidc cac thuat toan xtr 1y dit liéu hon
hop nhu K-Prototypes. Viéc danh gia anh huong cua cac ky thuat ma hoa khac nhau dén
chat lugng phan cum c6 thé gitip phat hién nhitng ciu tric phén doan khac biét va nang
cao do tin cay cua két qua. Pay 1a nhitng huéng nghién ctru can duoc tiép tuc xem xét
trong tuong lai.

5. Két luan

Nghién ctru da xay dung mot quy trinh phan tich dir liéu tuyén sinh dya trén sy
két hop gitta K-Means, PCA va Random Forest nham nhan dién cac nhém hanh vi thi
sinh trong mdi trudng gido duc sd. Két qua cho thay dir liéu twong tac da kénh c6 kha
ning hinh thanh cac phan doan hanh vi twong ddi rd rang, ddng thoi Random Forest dat
do chinh xéac 99,28% trong vi¢c tai nhan di¢n cac nhan cum trén cung tap dir liéu nghién
clru.

Két qua phan tich xac dinh bén nhém thi sinh c6 ddc trung tuong tac khac biét,
trong d6 website noi by va mang xa hdi gilr vai tro noi bat, song niém tin truyen miéng
van 1a yéu t6 phan biét quan trong. Phat hién nay mé ra kha niang chuyén doi mé hinh
quén tri tuyén sinh tir dai tra sang ca nhan hoéa, gitp t6i wu hoa ngudn lyc truyén thong.

Tuy nhién, két qua can dugc xem xét trong bdi canh dit liéu ctia mot co s& giao
duc cu thé. Cac nghién ctru tiép theo ¢ thé mé rong pham vi khdo sat, bo sung dir liéu
theo chudi thoi gian hodc thuc hién danh gia ngoai mau dé kiém tra tinh on dinh cua cac
phan doan trong nhitng béi canh khac nhau.
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