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Abstract: We propose a three-step Predict — Tier — Intervene framework
for a college Soft Skills course. Weekly T1-T7 activity traces, attendance/
bonus, mini-tasks, and peer/self reports are standardized into
individual-and group-level features. A multiclass XGBoost model
with isofonic calibration and group-aware splits yields well-calibrated
probabilities that are mapped to RED/YELLOW/GREEN alerts and
class summaries of tier mix and at-risk students/groups. On a held-
out semester, the system achieves Accuracy = 0.772, Macro-F1 = 0.520,
AUPRC(C) = 0.739, Brier = 0.1008, ECE = 0.0577. The model clearly
separates high from average achievers and—despite the rarity of tier C—
provides effective risk ranking in precision-recall analysis. The pipeline
is low—cost (Google Forms/Sheets plus concise Python), transparent,
and reproducible, supporting timely, tiered interventions.

Keywords: Educational Data Mining; early warning; tiered instruction; soft
skills; probability calibration; XGBoost.
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1. Pat van dé

Tém tit: Tac gia dé xudt khung Dy bao — Phén tang — Can thiép cho
hoc phéan Ki ndng mém. Nhat ki hoat dong tuan T1-T7, diém chuyén
can/thuong, bai tap ngén va bao cdo dong hoc/tu danh gia duoc chuan
hod thanh ddc trung ¢ mitc cd nhan va nhém. M6 hinh XGBoost da 16p
kem hiéu chinh isotonic va chia tach group-aware tao x4c sudt tin cay,
tir d6 suy ra canh bao DO/VANG/XANH va tdng hop 16p/nhém (phdi
trdn tang, danh sach rui ro). Trén mot hoc ki gitr lai d€ kiém dinh, hé
théng dat Accuracy = 0.772, Macro-F1 = 0.520, AUPRC(C) = 0.739, Brier =
0.1008, ECE = 0.0577; m6 hinh tach r6 nhém thanh tich cao so vdi trung
binh va du 16p C hiém van x€p hang rui ro hiéu qua theo precision -
recall. Quy trinh chi phi thdp (Google Forms/Sheets thém it ma Python),
minh bach, dé& tai lap va hd tro can thiép phan tang kip thoi.

Tw khoa: Khai phd dir ligu gido duc (EDM), canh bio som, day hoc phin ting,
ki niang mém, hiéu chinh xdc sudt, XGBoost.

B6i canh Viét Nam cho thdy nhu cau cap thiét:
khoang 80% sinh vién dai hoc, cao déng thiéu hut
ki ndng mém (udc chung 1,6-2 triéu nguoi can can
thiép som); trong d6 78% tu nhan yéu giao tiép, 48%
thiéu sang tao, 35% yéu lam viéc nhom va 21% gdp
kho khan vé quan 1i thoi gian cling nhu tuong tac
xa hoi (Tap chi Gido duc Thanh phd H6 Chi Minh,
2024). T btc tranh quy mo 16n nay, yéu cau trong
tam khong phai “can thiép nhiéu hon” ma la can
thiép diang lac, dang d6i tuong dua trén bang ching
Chuyén cac dir liéu hanh vi hoc tap thanh xéc suét

rai ro da hiéu chinh réi 4nh xa thanh mtc uvu tién
(PO/VANG/XANH) duéi rang budc ngan sach dé
phan bd ngudn lyc su pham mot cach minh bach va
hiéu qua.

Khai pha Dt liéu Gido duc (Educational Data
Mining - EDM) trich xudt tri thac tir dr liéu hanh
vi - tuong tac ctia nguoi hoc dé hd trg quyét dinh
su pham duya trén béng chang (Baker & Yacef, 2009;
Romero & Ventura, 2010). Ung dung trong tam la du
bao sém nham kich hoat can thiép kip thoi (c4 nhan
hoa, c6 vén, diéu chinh hoat dong), dua trén nguén
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dit lieu LMS, diém s6 va nhat ki hoat dong (Romero
& Ventura, 2010). Trén dir liéu Moodle da hoc ki,
Angeioplastis cac cong su (2025) so sanh k-NN, cay
quyét dinh, RF, hoi quy logistic va mang no-ron &
ca thiét 1ap nhi phan va da l6p. Két qua nhat quan
v6i thyc tién EDM: 1) Thiét lap nhi phan 6n dinh
hon da 16p; 2) Sang loc ddc trung theo tuong quan/
cdu truc cai thién hiéu niang rdo rét; 3) Cay quyét
dinh va k-NN bén viing 6 du bao gitta ki (Romero &
Ventura, 2010; Angeioplastis va cac cong su, 2025).
Vé dinh tinh, RF/GBDT dan dau trén di liéu bang
nho - trung binh; SVM/k-NN theo sat, con Naive
Bayes kém 6n dinh khi mat can béng 16p (Romero &
Ventura, 2010).

Dt liéu 16p hoc thuong 6 dang “bang”, c6 quy
md nho - trung binh, khuyét gid tri, mat can bang
16p va troi theo thoi gian. Vi vay, tap déc trung toi
uu khong c6 dinh (Romero & Ventura, 2010). Khung
Tién hoa Tap hop Pic trung Bong (Dynamic Feature
Ensemble Evolution for Enhanced Feature Selection,
DE - FS) két hop nhiéu tiéu chi (twong quan/MI/
x?/embedded) v6i ngudng thich nghi dé duy tri do
chinh xac va giam du thira khi phan phéi thay déi
(Malik va cac cong sy, 2025). Huéng nay dac biét
phtt hop boi canh ki ning mém, noi hanh vi - tuong
tac bién thién theo giai doan va nhém. Bén canh RF/
XGBoost/CatBoost, cac mo6 hinh nén tang cho di
liéu bang (Tabular Foundation Models) cho thay
tiém ndng trén da liéu nho - trung binh: TabPFN la
mot “thuat toan du bao tong quat” hoc qua tién huan
luyén quy mo 16n, cho suy luan nhanh va it phu
thudc tinh chinh (Hollmann va cac cong su, 2025),
con Real-TabPFN tiép tuc nang hiéu ndng bang tién
huén luyén trén di liéu thyc t& tuyén chon (Garg va
cac cong su, 2025). Xu huéng chuyén tir thi cong hoa
déc trung sang hoc biéu dién tu dong ciing duoc ghi
nhan (Jiang va cac cong sy, 2025).

Phan 16n cong trinh EDM dumng & t6i da hoa do
chinh xac du bao, trong khi viéc gén du bao véi hanh
dong su pham con han ché (Baker & Yacef, 2009). Voi
ki ndng mém (giao tiép, hop tac, gidi quyét xung dot,
ra quyét dinh), muc tiéu da chiéu va tin hiéu giau
ngtt canh (LMS, hoat dong trén 16p, ndp thu hoach,
tu/déng hoc bao cdo) doi hdi co ché chuyén hoa du
bao thanh thiét ké can thi¢p cu thé. Cong trinh nay
ké thtra quy trinh mo hinh hoé trén dt liéu 16p hoc
(Angeioplastis va cac cong su, 2025), tich hgp DE-FS
(Malik va cac cong su, 2025) dé thich nghi ddc trung
theo thoi gian, ap dung danh gia group-aware (trén
khoa LOP/NHOM) va hiéu chinh xéac suét (Platt/
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Isotonic) nhdm dam bao xac suat du béo dung duoc
trong 16p hoc.

Muc tiéu, khodng trong va déng gop:

Khodng trong. Nghién cdu EDM hién chu yéu
toi da hoa do chinh xac du bao, nhung con thiéu:
1) Co ché chuyén xac suat — hanh dong su pham
dudi rang budc ngu 6n luc; 2) Banh gia khong ro ri
b&i canh béng chia tach theo LOP/NHOM,; 3) Hiéu
chinh xac suat da l6p dé dit ngudng canh bao khi
16p C hiém.

Cau hoi nghién citu:

1) XGBoost da 16p két hgp isotonic calibration va
group-aware split c6 tao xac sudt dang tin (Brier/
ECE thap) cho van hanh gitra ki/cudi ki?

2) Xac suat da hiéu chinh c6 cai thién xép hang riii
ro I6p C (AUPRC) trong boi canh 16p hiém?

3) Co thé anh xa xac sudt — RED/YELLOW/
GREEN béng ngudng (Tyel, T,.q) hodc top-k theo p,..
dé can thiép “dtng ldc, dtng d6i tuong”?

Khung tiép cin. Ap dung khung 4 16p (dit liéu —
dau vao — mo hinh — tmg dung) cho du bao som va
can thiép phan tang (chi tiét & Muc 2).

Dong gop:

Quy trinh hoan chinh va kiém sodt ro ri: chuan hoa
cot; ma hod T1 dénT7 thanh dic trung hanh vi {att_
active, att sum, mean_week, var week}; bd sung
kn mean, group *, tierC_share; tach group-aware
theo LOP/NHOM, chi diing thong tin truéc méc ¢,

M0 hinh hod va déng g6i suy ludn: XGBoost da 16p
(multi: softprob) véi hiéu chinh xac suét isotonic
(CalibratedClassifierCV, cv=3), hai cdu hinh dic
trung theo giai doan F , (khong dung D.QT) va F,
=F,,,U{D.QT}, m6 hinh dugc hudn luyén trén bang
dit liéu 869 dong 32 cot va dong gdi (model/encoder/
feature list) cho van hanh.

Két qud va chuyén hod thanh hanh dong: danh gia
thuc nghiém trén bang di liéu 80 hang va 20 c6t ctia
316p gdm 26 nhém dat Accuracy = 0.772, Macro-F1
= 0.520, AUPRC(C) = 0.739, Brier = 0.1008, ECE =
0.0577; dau ra cac file bang class_summary.xlsx va
final_alerts.xlsx uu tién who/where v&i cac muc RED/
YELLOW/ GREEN, hé trg gidng day phin ting trong
bbi canh ki nding mém.

Céch tiép can nay dua EDM tir du bao dé biét
sang du bdo dé hanh dong, v6i chi phi trién khai
thdp (Python) va kha ndng tai lap cho cac hoc phan
tuong tu.
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Bé tin cdy: Brier, ECE

Xuét danh sach
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Pat ngwdng theo final_alerts xlsx,
Prip_C==t yel)== class_summary.xlsx
p_max H&u kiém va HIL

Hinh 1: Quy trinh Dy bio sém - Phin tang - Can thiép (4 1op).

2. Phuong phap nghién cttu

Muc tiéu la chuyén du bao sém thanh hanh dong
su pham trong hoc phan Ki nang mém. Chung toi
dé xuét quy trinh goém 4 16p: 1) Dt liéu: lam sach;
Group-aware split (LOP/NHOM). 2) Dau vao: dic
trung T1-T7, diém, ddc trung nhoém. 3) Mo hinh:
XGBoost + isotonic (CV=3); ngudng p_max; RED/
YELLOW/GREEN. 4) Ung dung: xuat danh sach,
hau kiém, bao cédo chi s6, HIL.

2.1. Cdc ki hiéu, do do va cdc dinh nghia

Ki  hiéu chung: D={(x,y)},, Vvo6i nhan
y,€eY={A,B,C}. M6 hinh cho phan phoi
p,(c)=Pr(Y=clx,) v6i ceY, D’ P(c)=1.Dudoan

nhan: y, =argmax_, p,(c) . Lop duong khi danh gia
PR: ¢* = C (I6p nguy co). Ham chi thi 1[-] bdng 1 néu
ménh dé dtng, nguoc lai bang 0.
Cidc dj do phan logi Precision, Recall, F1 Macro-F1,
Weighted-F1, Accuracy theo timg lop: Voimotlop ceY
=i:1[yi =cAy,=c], FP, =i:1[yi #CAY, =c],

i=1 i=1

FN_=>1y, =cAy, #]

i=1

Precision. =——~<—, Pecall = —
¢ TP +FP ¢ TP +FN
Fl - 2Precision _Recall
< Precision_+Recall '

ceY

Marco-F1 = | |Z

N
Weighted -F1=%"  —<F1_,

C

Accuracy = lZir:ll[yi =y.1,

&
trong d6 N_= Zill:yi = cj la support cta 1op c.
D¢ do dua trén xdc suit Brier da lop (Brier, 1950): Dt

vecto one-hot e(y ) {0 1}‘ | voi e( ) —1[y1 —c]
Brier score (trung binh MSE) cho da lop

Brier =— Z Z (e(y;).

N cey

~p,(9))’
D¢ do theo xdc suit cuc dai ECE (Guo va cac cong sur,
2017 ): Goi q, = max_p,(c) la do tin cay cua du doan,
va correct, = 1[yi = }71} Chia [0,1] thanh M khoang
B, .,B,.1.Voimbibin B_ ={i:q, (B, _ 1,B 1},
|BL Z correct,,  conf(B_ )=

B
ECE = | = | acc(B,_ )—conf(B,)|.
> Lol

m=1 1

acc(B, )=

Ly,

ieB,,

Precision-Recall va AUPRC cho lop C: Ddt z, = 1]y,
= C] va diém x&p hang s, = p,(C). Khi quét ngudng t
tir 1 xudng 0:
DAz (1)=1rz =1]
2 z,(n=1]

z.(t)=1[s, 2 1], Precision(t)=

7

D Az (1)=1rz =1]
> Az =1] ’
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Puong cong PR la tap cac diém (Recall(t),
Precision(t)). Average Precision (xap xi AUPRC) la
tong c6 trong s6 theo ARecall sau khi sép s, gidm dan:

AP = Z:(Recallk —Recall, ,)Precision,

k=1
Baseline ki vong ciia AUPRC bang prevalence ctia
lop C:
N

AUPRCbaseline = %Zl[Y1 = C] = nC
i=1

Ma trign nham lan (Confusion Matrix): V6i tht tu
16p ¢6 dinh y = (A,B,C) hodc (C,B,A), ma tran dém

M e NYHH

Mr,c=zl[Yi=r/\§li=C]l r/CEY
i=1

Ti 1é theo hang (dé so sanh gitra cac 16p that):

M, = W (quy u6c 0/0 = 0)

2.2. Tién xi li dir liéu

Nguon dir ligu: Bo dit liéu tong hop tir s6 diém
va ban ghi (log) hoat dong; mdi dong 1a mot cip
sinh vién-lop-nhom. Tap hién c6 869 ban ghi, 20 cot:
LOP, NHOM, MSSV, LOP CN; bay cot tir tudn T1
dén tuln T7; cac cot diém D.CC, D.CONG, D.KN1
dén B.KN3, b.QT, B.THI, B.MH. C6 134 nhém theo

khod (LOP, NHOM) (xem Béng 1).

M hod hanh vi theo tuan: Ttr tudn 1 dén tudn 7 1a
T1: T7 va dugc chuan hoé: {1, . . ., 7} gitt nguyén; P —
0 (vang c6 phép); T— -1 (di tré); V— -3 (ving khong
phép); -1, -2 gitt nguyén; rdong—NaN. Hai dic trung
co ban duoc st dung dé dinh luong su tham gia ctia
sinh vién trong 7 tuan la att_active 1a s6 tuan hoat
dong (d€m sd tudn c6 diém tuong tdc duong) dung
dé phan anh tan sudt/su hién dién t6i thiéu. Trong
khi &6, att_sum la téng diém hoat dong hodc hién
dién (téng diém tich liy) dung dé do luong téng
khoi luong tham gia hodc dong gop cda sinh vién:

7 7
att_active = z 1T, >0], att sum =Z T, (1)
w=1 w=1

Hai dac trung mean_week (trung binh hoat dong
hang tuan) va var_week (phuong sai hoat dong hang
tuan) duoc tao ra dé danh gia tinh 6n dinh va nhat
quan trong hanh vi ctia sinh vién qua 7 tuan:

mean week =mean(T,,), var week =var(T,,) (2)

Khi téng hop, NaN ¢ T1:T7 dugc coi nhu 0 dé
phan anh khong hoat dong.

Xir li diém va din nhan: D.XN1: D.KN3, D.CC,
b.CONG, P.QT, b.THI, B.MH duoc ép kiéu s6; dic
trung kn_mean = mean(B.KN1:D.KN3). Tier3_true la
3 cdp do A/B/C suy tu B.MH va chi dung cho hiu
kiém.

Béang 1: Tdp dit liéu goc gom 869 dong x 20 ct, dugc trich tiéu biéu.

NHOM MSSV P.CC P.CONG bD.KN3 P.QT D.THI P.MH
1 22203917  2317-N01 2123170302 2 1 10 3.5 6.5 9.2 8.0 8.5
2 22203917  2317-NO01 2123170654 3 1 10 5.5 6.5 9.3 8.5 8.8
3 22203917  2317-NO01 2123170316 2 1 9 4.0 6.5 8.6 7.0 7.6
4 22203917  2317-N01 2123170305 2 1 7 4.0 6.5 8.2 7.0 7.5
5 22203917  2317-N01 2123170301 2 1 10 3.5 6.5 8.8 7.5 8.0
865 22204260 4260-NO6 2124270081 2 p 7 1.5 6.5 7.3 7.0 7.1
866 22204260 4260-NO6 2124270110 4 NaN 7 3.5 8.0 8.3 7.5 7.8
867 22204260 4260-NO6 2124270113 2 NaN 10 2.5 9.0 9.1 8.3 8.6
868 22204260 4260-NO6 2124270078 2 NaN 10 3.5 6.3 8.7 8.3 8.5
869 22204260 4260-NO6 2124270087 V NaN 4 1.5 6.5 6.7 7.0 6.9
(Ghi chii: NaN = Thiéu dit licu; V = Ving khong phép; P = Viing c6 phép)
12 https://doi.org/10.15625/2615-8957/12610202



Dic trung nhém: Trén khoa (LOP, NHOM) cac
tham s6 chinh duoc tinh toan bao goém: quy mo
nhém la group_size, trung binh tong hoat dong la
group_att_mean = mean(att_sum); phuong sai hoat
dong, phan anh sy dong déu l1a group_att_var =
var(att_sum) (dién 0 néu nhom don); trung binh ki
nang cua nhom la group_kn_mean = mean(kn_mean),
ti 1é sinh vién c6 nguy co thuc t& (Lop C) trong nhém
14 tierC_share = Pr(Tier3_true = C); con tham so delta_
exam = D.THI — D.QT la mot ddc trung hanh vi quan
trong n6 phan anh sy chénh léch vé hiéu suét ctaa
sinh vién gitta qua trinh hoc tap (qué trinh) va thoi
diém kiém tra cudi ciing (thi), sau d6 néi nguoc vé
tung sinh vién (xem Bang 2).

2.3. Cdu hinh ddc trung

Chang t6i tuan tha nghiém ngdt nguyén tic
khong ro ri theo mdc thoi gian t*: mo6 hinh chi dung
thong tin quan sat duoc trudce (hodc tai) t*. Hai cdu
hinh d&c trung;:

Fmid={att_active,att_sum,mean_week,D.CC,
D.CC)NG,D.KNl:D.KN3,kn_mean,group_size,
group_att_mean,group_att_var,group_kn_mean,
tierC_share}

Fiu = Fq U{D.QT} (P.QT chi dung khi da chot).

Trong d6, cic ddc trung cap nhom bao gom:
group_size, group_att_mean, group_att_var, group_kn_

Tdang Thi Vinh, Tran Vin San

mean, va tierC_share (ti 1¢ hang C trong nhém).

2.4. Chia dir liéu va kiém sodt ro ri

Pé dadm bao udc luong va danh gia doc lap theo
boi canh giang day, moi phép chia dir lieu déu
gitt nguyén bién giéi nhém theo LOP (hodc LOP/
NHOM) dé bao toan doc lap bdi canh gidng day;
tac 1a cac ban ghi cing mét khéa nhém LOP hoic
LOP/NHOM khoéng bao gio bi tach sang hai phia
hudn luyén (Train) va kiém thtr (Test) trong cting
mot 1an chia. Chung t6i st dung GroupKFold va
GroupShuffleSplit (Pedregosa va cac cong su, 2011)
v6i khoa nhoém LOP (hode LOP/NHOM). O thiét lap
GroupKFold (OOF/LOCO), tap cac nhom duy nhat
dugc chia thanh K phan roi nhau theo nhom; moi
vong “bé mot nhém” lam tdp danh gia (Validation)
va huén luyén trén phan con lai, sau d6 ghép du béo
out-of-fold (OOF) tir tat ca cac vong dé tinh chi s6-
tuong duong Leave-One-Group-Out (LOCO) theo
16p/nhém. Véi GroupShuffleSplit (holdout 80/20),
chiing toi thuc hién mot 1an tach huan luyén/kiém
thit = 80/20 theo nhém, bdo toan bién gisi LOP
(hodc LOP/NHOM), phit hop khi can mot phép do
“git-lai” (Holdout) don gian nhung van tranh ro
ri b6i cdnh. Khi 16p C hiém, can kiém tra diéu kién
Ji:y,=C trong tap kiém thuir ctia phép holdout;

néu diéu kién khong thoa, thuéc do AUPRC(C) trén
holdout khong con y nghia va khi d6 nén bao céo theo

Béang 2: Tdp dit liéu sau xit i gom 869 dong x 32 cot; duoc trich tiéu biéu.

att_ att_ mean_ var week kn_mean Tier3_ group_ group_att_

active sum week true size var
1 5 7.0 14 0.3 7.833333 -1.2 A 5 4.8 0.0
2 6 11.0 1.833333 0.966667  7.333333 -0.8 A 5 4.8 0.0
3 5 8.0 1.6 0.3 7.166667 -1.6 B 5 4.8 0.0
4 5 5.0 0.833333 4.166667 7.166667 -1.2 B 5 48 0.0
5 5 7.0 14 0.3 7.333333 -1.3 A 5 4.8 0.0
865 2 0.0 0.0 7.0 6.833333 -0.3 B 7 15.809524 0.0
866 3 4.0 1.0 8.666667 7.5 -0.8 B 7 15.809524 0.0
867 5 7.0 14 0.3 7.266667 -0.4 A 7 15.809524 0.0
868 4 5.0 1.25 0.25 8.0 -0.8 A 7 15.809524 0.0
869 3 -3.0 -0.6 4.8 6.833333 0.3 B 7 15.809524 0.0

(Ghi chu: Tier3_true: A (= 8.0), B (6.5-7.9), C (<6.5))
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OOF/LOCO. Cuéi cung, dé chéng 1o i, moi buéc
chuan héa/bién d6i/chon ddc trung va hiéu chinh
xac sudt (Calibrated probability) déu duoc udc luong
(Fit) trén tap huan luyén cua tung lan chia (Fold/
Split), sau d6 méi 4p dung bién d6i (Transform) lén
tap danh gia hogc tap kiém thu tuong tng.

2.5. Mé hinh hod, hiéu chinh xdc sudt va chon
nguong canh bdo:

Mo hinh. Sa dung XGBoost da lop (Chen &
Guestrin, 2016) voi tham s6 objective = multi:softprob
dé du bao xac suat p,(c) cho ba hang ¢ € {A,B,C} trén
cac ddc trung da néu (chia tach group-aware theo
LOP/NHOM).

Hidu chinh xdc sudt. Ap dung Isotonic Calibration
(Zadrozny & Elkan, 2002), mot phuong phap phi
tham s6, dé udc lugng ham don diéu g* (theo hoi
quy isotonic) dé anh xa diém dau vao s, (logit hodc
xac sudt tho) sang xac suat da hiéu chinh:

pi" =8*(s,), g*=arg min > (z -g(s))
i=1

trong do z; la nhan nhi phan ¢ bai todn mot-
chéng-phan-con-lai (hodc thuc hién theo tung 16p/
one-vs-rest trong da lop). Ham g* giap gidm sai
lech hiéu chinh, thé hién qua ECE va Brier thap
hon. Trién khai bang CalibratedClassifierCV(cv=3,
method="isotonic”). Lua chon nay gitp cai thién cac

Bang 3: Tom tit chi s6 hudn luyén va phin logi theo 16p.

thudc do dya trén xéc suét (Brier, ECE) va tao dau ra
xéc sudt 6n dinh dé dit ngudng canh béo. Do lop C
hiém, ching toi uu tién bao cao AUPRC(C) thay vi
AUC-ROC; céc két qua doi chiéu gitta OOF/LOCO
va Holdout dugc tém tat & Bang 3.

Phdn tang cdnh bdo. Tix xac suat da hiéu chinh

p*'(C), dinh nghia ba mtc: RED (D) la mtic nguy
co cao can can thiép khan/c4 nhan hoa, YELLOW
(Vang) 1a mac canh bao sém, theo ddi chdt ché +
can thiép nhe, con GREEN (Xanh) la mtc dat yéu
cau, khong can can thiép. Viéc phan tang dua trén
cdp ngudng (T, T,.q) va ddc trung tham gia att_active
(s6 tuan sinh vién c6 hoat dong tich cuc). Cu thé:
ngudng vang t,,, la mutc xac suat tir d6 trd 1én sé kich
hoat canh bao YELLOW, con t,,, ngudong do la muc
xéc suat cao hon dé kich hoat RED. Cac ngudng dugc
chon dudi rang budc ngan sach can thiép p,,. (ti1é
t6i da sinh vién bj gén co):

Pr(pd' 21, ,)<p,,, trén OOF/LOCO.

Quy tc anh xa mau:

1) RED néu p&'(C) = t,, va att_active_i = Tue.

2) YELLOW néu 7, <p(C) <T,,.

3) GREEN néu p{*(C) <t

C6 thé hiéu chinh ngudng theo p, . : chon T, sao

Thiét lap Macro-F1 AUPRC(C) Brier ECE
OOF/LOCO (Toan cuc) 0.803 0.872 0.083 0.016
OOF/LOCO (Mean fold) 0.758 0.868 - ---
Apparent (Train-on -train) 0.918 1.0 0.051 0.072
Phan loai theo 16p (Apparent)

Lop Precision Recall F1-score Support
A 0.892 0.935 0.913 479
B 0.91 0.857 0.883 378
C 1.0 0.917 0.957 12
Accuracy 0.901

Macro avg 0.934 0.903 0.918 869
Weighted avg 0.902 0.901 0.901 869

(Ghi chii: OOF/LOCO trdnh 1o ri; Apparent thuong lac quan; AUPRC(C) do 16p hiém;
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PR(C) dung OOF/LOCO néu holdout thiéu lop C).



cho C6 thé hiéu chinh ngudng theo ngan sach can
thiép p,,..: chon 1,4 sao cho

1 <n a
HZizl 1[p1 I(C) 2 ’cyel] < pmax °

Thu;c nghiém mdc dinh st dung (T, T,.q) = (0.40,
0.60). O tudn cudi, c6 thé ha ngudng (Vi du: T, =
0.30) dé ting kha ning phat hién 16p C (Recall(C)),
di1 phai danh d6i thém ngudn luc - chi tiét xem Bang
4.

2.6. Trién khai va ddu ra van hanh:

Mo hinh, b0 md hoda nhan va danh sach dic
trung 1an lugt duoc dong goi tai best_cal_xgb.joblib,
label_encoder.joblib va feature_list.joblib. Khi suy dién,
hé thong sinh final_alerts.xlsx (canh bao phén tang)

Bang 4: Tom tit hidu nang (da higu chinh isotonic) va bdo
cdo theo lop.

Chi s8 tong hgp

Accuracy  Macro-F1 AUPRC(C) Brier ECE

0.772 0.52 0.739 0.1008  0.0577

Béo cdo phan loai (F1)

L6p F1
A 0.76
B 0.8
C 0.0

(Ghi chii: S6'ligu trén tdp kiém dinh vin hanh; lop C hiém
dan téi F1(C)=0 ¢ nguong hién tai)

OOF Confusion Matrix - % theo |op that

True A

o)
)

Y True B

True C

Pred A

Pred B
Du doén

Pred C

Hinh 2: Ma trgn nham ldn OOF trén tdp hudn luyén
(LOCO).

Tdang Thi Vinh, Tran Vin San

va class_summary.xlsx (téng hop theo 16p/nhom)
dé phuc vu gidm sat va phan b6 ngudn luc, kem
predictions_with_truth.xlsx va new_eval_metrics.txt
cho hau kiém khi c6 nhan; cac vi du duoc déi chiéu
tai Bang 8. Nho xac suat da hiéu chinh t6t (ECE nho),
ngudng canh bao c6 thé 4p dung truc tiép va tai lap
gitta cac ki nhu da minh hoa Hinh 15.

3. Két qua nghién ctru

Duya trén mo hinh da huén luyén, chung t6i danh
giad hiéu niang theo ba kich ban bd sung cho nhau
(OOF/LOCO, holdout 80/20 group-aware va kiém
dinh van hanh.

3.1. Ddnh gid bing OOE/LOCO (thuéc do chinh)

Chia group-aware theo LOP/NHOM gitp ngan ro
ri theo bdi canh gidng day. Két qua tong hop (xem
Bang 3) cho thdy Macro-F1=0.803, AUPRC(C)=0.872,
Brier = 0.083, ECE = 0.016 (toan cuc tit OOF); trung
binh theo fold dat Macro-F1 = 0.758 va AUPRC(C) =
0.868. So v6i phép do apparent (Train - On - Train)
c6 chi s cao hon déang ké, chénh léch nay xac nhan
tinh lac quan khi do trén chinh d liéu huén luyén va
cung ¢ viéc chon OOF/LOCO lam chuén bao céo.

Vé tryc quan, ma tran nham 1an OOF (xem Hinh
2) cho thdy nham 1an chu dao gitta A va B; ro ri sang
C rat nho. Puong PR 16p C (xem Hinh 3) vuot rd
rét duong co so theo tan sudt, cho thdy ning luc xép
hang rti ro véi 16p hiém. Biéu dé hiéu chinh (xem
Hinh 4) bam sat duong chéo, ECE nho cho phép
dung truc tiép xac sudt da hiéu chinh dé dit nguong
canh bao. Phan phdi p. (xem Hinh 5) tap trung thap
& non-C, goi y chién lugc ha ngudng hodc chon top-k
khi can tang Recall(C).

OOF Precision-Recall 16p C

1.01
0.8 1 LI/
206
[=
2
0
v
L 0.4
o
0.2 |
—— model
—=-- baseline=0.014
0.04 7 Paselne=0 0 o S
0.0 0.2 0.4 0.6 0.8 1.0

Recall (C)

Hinh 3: Duong cong Precision-Recall cho l6p C (OOF/
LOCO,).
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OOF Reliability (max-prob)

1.0 ==~ chuan
—8— model
08
U
U
(]
£
2 0.6
v
O
X
€ 0.4
L
[¥)
(8-
0.21 P
/I
/”
001 <
0.0 0.2 0.4 0.6 0.8 1.0

Do tu tin (bin mean)

Hinh 4: Biéu d6 hiéu chinh (OOE/LOCO); ECE tinh theo
xdc sudt cuc dai.

Holdout Confusion Matrix - % theo |&p that

True A

. True B

Thuc té

True C

Pred A

Pred B
Dy doén

Hinh 6: Ma trin nham lan Holdout.

Pred C

Holdout Reliability (max-prob)

1.090 —-- chuén
—o— model
0.8
u
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@
£
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[®)
~0
x
€ 0.41
=
(5]
:8»
0.2 1 ’,/
Il’
’/
0049 ~
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

D6 tu tin (bin mean)

Hinh 8: Biéu do higu chinh trén holdout (ECE theo xdic
sudt cuee dai).
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OOF p_C theo nhan that

m non-C
800

700 A

600 A

500 A

Count

400 -

300 A

200 A

100 ~

0- T T T T
0.0 0.2 0.4 0.6 0.8

p_C
Hinh 5: Phin phoi p. theo nhan thit (C véi non-C) cho
dy bao OOF/LOCO.

Holdout Precision-Recall Igp C

1.0 1 —— model
—==- baseline=0.032
0.8
2 0.6
c
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n
]
& 0.4+
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____________________________ -::':'_‘;ﬁ-..
0.01 . . . . .
0.0 0.2 0.4 0.6 0.8 1.0

Recall (C)

Hinh 7: Buong cong Precision-Recall cho Iop C trén
holdout.

Holdout p_C theo nhan that

B non-C
140 A Cc

120 A
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80 A

Count

60
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0.0 0.2 0.4 0.6 0.8
pC

Hinh 9: Phin phot p theo nhan thit trén holdout.



Két lugn OOE/LOCO: M6 hinh 6n dinh va xac
sudt dugc hiéu chinh t6t trén toan bd di liéu ngoai
fold (Macro-F1 =0.76 £ 0.12, AUPRC(C) = 0.87 £ 0.19,
Brier =0.083, ECE = 0.052). Do d6, OOF/LOCO dugc
dimng lam thudéc do chinh dé so sanh mé hinh va bao
céo PR(C).

3.2. Phan tich d¢ vitng theo holdout 80/20 (giit
LOP)

Dé kiém tra thém ngoai mau, chung toi dung
GroupShuffleSplit 80/20 theo LOP/NHOM. Hai
tinh huéng thuc t& c6 thé xay ra: 1) Holdout c6 I6p
C trong test: mot tach thoa diéu kién duong C cho
Macro-F1 = 0.767, AUPRC(C) = 0.766, Brier = 0.086,
ECE = 0.093. So v6i OOF/LOCO, Macro-F1 hoi thap
nhung cung trat ty; PR(C) van vuot co sO, xac nhan
mo hinh 6n dinh & A/B va gitt duoc ning luc xép
hang 16p C (xem Hinh 6, Hinh 7, Hinh 8, Hinh 9);
2) Holdout khong co lop C trong test: & moét tach khac,
Macro-F1 = 0.828, Brier = 0.079, ECE = 0.065 nhung
AUPRC(C) khong tinh dugc (NaN) do thiéu duong
C, khién PR(C) mat y nghia. Trudng hop nay dugc
gén co va khdng dung dé két luan vé 16p C.

Khuyén nghi sir dung: Khi danh gia PR(C) trén
holdout, can phan tang/lap tach dé dam bao ¢6
duong C trong test; néu khong thoa, dung OOF/
LOCO lam chuén bdo cdo PR(C). Trong van hanh,
c6 thé chon ngudng theo rang buoc ti 1¢ gin co t6i
da; néu can uu tién Recall(C), ha ngudng hodc ap
dung top-k theo nang luc can thiép nhu da thao luan
¢ Phan 4.

3.3. Ddnh gid trén tdp kiém dinh

Téng quan: Trén tap kiém dinh gém 180 ban ghi (3
16p, 26 nhom), sau hiéu chinh xac suat b:?mg isotonic,
mo hinh dat Accuracy = 0.772 va Macro-F1 = 0.520.
Hai chi s6 hiéu chinh xac suat & mic tot: Brier = 0.101
va ECE = 0.058, cho thay xac suat dau ra dang tin cay
dé stt dung dit ngudng. Hai 16p chinh A/B 6n dinh
v6i diém F1 1an luot khoang 0.76 va 0.80; 16p C hiém
nén ¢ ngudng van hanh hién tai, F1(C) = 0.000 (xem
Béang 4; d&i chiéu chi s6 tong hop tai Hinh 10).

Hiéu ning Iép C theo xép hang: Méac dit F1(C) béng
0 tai nguong van hanh hién tai, AUPRC(C) dat 0.739-
vugt xa dudng co sd theo tan suét cia C (khoang
2.8%). Diéu nay cho thdy mé hinh xép hang riii ro t6t
dei voi 16p C: cac ca C thuc su ¢6 xu huong duge
day lén viing xac suat p. cao hon phan con lai nhung
chua vuot qua ngudong canh bao dang dat kha than
trong (xem Hinh 11 va Hinh 12; d6i chiéu Bang 4).
Ham y van hanh la nén ddt ngudng dua theo duong

Tdang Thi Vinh, Tran Vin San

PR (hodc chon top-k theo p.) dé tang Recall(C) trong
gi6i han nguon luc.

Doc 16i tir ma trdn va bdo cdo l6p: M6 hinh phan biét
A va B tuong d6i t6t nhung con chong 1an: udce tinh
ty 1é dung theo hang khoang 82.6% 6 A va77.4% o B;
16i cht dao 1a nham A thanh B (khoang 17.4%) va B

Overall Metrics (Isotonic-Calibrated)

1.0 1

0.8 4 0.772

0.739

0.6

0.4 1

0.2 1

0.0-

Accuracy Macro-F1 AUPRC(C) Brier ECE

Hinh 10: Chi s6'tong hop sau higu chinh isotonic trén tdp
kiém dinh.

Per-Class Precision / Recall / F1

1.0 1 B Precision
mm Recall
0.83 0.83 0.80 e Fl
0.8 1

0.6 1

0.4 4

0.2 A

0.00 0.00 0.00
A B C

Hinh 11: Precision/Recall/F1 theo tung lop A/B/C. Hai
16p A/B dat F1 cao va cdn bang; F1(C)= 0 do 16p C hiém
va nguong canh bdo dang ddt wu tién dg chinh xdc.

0.0-

PR Curve for Class C (AP=0.739)

1.04

0.8 4

0.6

0.4 4

Precision (class C)

0.2

0.0 4

0.0 0.2 0.4 0.6 0.8 1.0
Recall (class C)

Hinh 12: Duong cong Precision - Recall cho Iép C.
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thanh A (khoang 22.6%). Véi 16p C, ca 5 truong hop
déu bi du doéan vé B, phan anh viéc ngudng hién tai
chua “kich hoat” phan tach cho nhém rui ro thap
nhat. Quy déi sang s6 luong, khoang 12 sinh vién
16p A bi kéo lén B va khoang 24 sinh vién 16p B bi
kéo xuéng A. Mau hinh 18i nay phu hop véi viec
phéan phdi xéac suét p. tap trung gan 0 & phan I6n
mau (xem Hinh 13 va Bang 5; tham chiéu thém phan
phéi p.. tai Hinh 14).

Cin bing nguéng canh bdo va nguon luc can thigp:
V6i cau hinh uu tién do chinh xéc hién tai (gin co
yellow/red khi p. > 0.40/0.60), ti 1é canh bdo ¢ mic
thap (da s6 green). Dé tang Recall(C) trong van hanh,
c6 thé: (1) ha ngudng p., hodc (2) chon top-k theo
nang luc can thiép (5-10% téng s6 sinh vién). Vi ECE
nhé, x4c suat sau hiéu chinh c6 thé dimng truc tiép dé

Bang 5: Bdo cdo phin logi trén 180 mau (3 lop, 26 nhom)

Lop Precision Recall F1 Support
A 0.704 0.826 076 69

B 0.828 0.774 0.8 106

C 0.0 0.0 0.0 5
Accuracy 0.772

Macro avg 0.511 0.533 052 180
Weighted avg  0.758 0.772 0.762 180

(Chii thich: Macro avg la trung binh déu giita cdc 10p;
Weighted avg c6 trong so theo support, phan dnh\mﬁ’t cin
bang lop).

Confusion Matrix (Operational Test) - % theo Idp that

True A
80

60

. True B

Thuc té
% theo hang

40

20
True CH

Pred A

Pred B
Dy doan

Pred C

Hinh 13: Ma trdn nhim ldn trén tap kiém dinh
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dat nguong minh bach va téi lap gitta cac ky (xem
Hinh 15 va minh hoa danh séch cdnh bao tai Bang 6).

Ham v vdn hanh: Bang 7 cho thay phan b6 nghiéng
manh vé A/B; xéc suét p. hiém khi khéc 0, phan anh
su hiém ctia 16p C va ngudn lyc hd trg han ché, chién
lugc top-k theo p. (Vi du 9-18 sinh vién cho N = 180)
la thuc dung dé bao pht rdi ro ma van kiém soat
khoi luong cong viéc. Pong thoi, nén tdng cudong cac
dic trung dong theo thoi gian (chudi ving/late c6
trong s6, dong luong tham gia, phuong sai nhom)
nhdm cdi thién phan tach A/B va diy nhiing ca C
tiém ndng 1én viung xac sudt cao hon. Bao cédo phan
tang theo 16p/nhém gitp phan bé mentoring muc
tiéu hiéu qua hon (xem Bang 8).

4. Thao luan

Céc két qua cho thdy mo hinh xép hang rui ro
tot ngay ca khi 16p C hiém; xac suét sau hiéu chinh
isotonic 6n dinh da dé dung truc tiép trong van hanh.

4.1. Ham y su pham va khuyén nghi vin hanh

Muc tiéu chung: Bién xéc suét da hiéu chinh thanh
hanh dong 16p hoc theo huéng gidng day phin tang:
uu tién can thiép sém cho nhém rui ro (C), cung cd

Distribution of p_C by True Class

175 1 s True C
True non-C

04— T T ‘ ‘ T
0.0 0.2 0.4 0.6 0.8 1.0
Predicted probability p_C
Hinh 14: Phdn phdi p theo nhin thit
Reliability Diagram (ECE=0.058)
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Hinh 15: Biéu d6 hi¢u chinh (Reliability) theo xdc sudt
cye dai



Tdang Thi Vinh, Tran Vin San

Béng 6: Cdnh bdo cudi ki (final_alerts; 180 dong x 12 cgt) — trich xudt tiéu biéu

STT MSSV C 3 att_ — kn_mean

active

1 2123260067 2203603  3603-N01 A 0.72865  0.27135 0.0 1 1 7.666667 GREEN
2 2123260007 2203603  3603-N01 A 0.72865 0.27135 0.0 2 2 7.666667 GREEN
3 2123260006 2203603  3603-NO01 B 0.0 1.0 0.0 1 -5 6.833333 GREEN
4 2123260066 2203603  3603-N01 A 0.984127 0.015873 0.0 2 3 8.166667 GREEN
5 2123260021 2203603  3603-N01 A 0.797149 0.202851 0.0 2 2 7.833333 GREEN
176 2121190046 22212119 2119-N08 B 0.011068 0.988932 0.0 2 -1 6.833333 GREEN
177 2121190002 22212119 2119-NO08 B 0.043855 0.956145 0.0 1 -2 7.0 GREEN
178 2121190010 22212119 2119-N08 B 0.096695 0.903305 0.0 2 -1 7.0 GREEN
179 2121190001 22212119 2119-NO08 B 0.096695 0.903305 0.0 1 -1 7.0 GREEN
180 2121190036 22212119 2119-NO8 B 0.030351 0.969649 0.0 2 -1 7.0 GREEN

(Ghi chii: Alert dugc dnh xa tir xdc sudt dd hiéu chinh: RED néu p_C > 0.60 hodc du dodn C véi att_active < 2; YELLOW
néu p_C > 0.40; con lgi la GREEN).

Béng 7: Phén ting cdnh bdo theo 16p (predictions_wit _truth.xlsx; 180 dong x 12 cgt) - trich tiéu biéu.

STT LOP NHOM  MSSV P.QT DP.THI DP.MH Tier3_

1 2203603  3603-N01 2123260067 8.4 7.5 7.9 B A 0.725328  0.274672 0.0
2 2203603  3603-N01 2123260007 8.7 8.0 8.3 A A 0.72865  0.27135 0.0
3 2203603  3603-N01 2123260006 6.5 7.0 6.8 B B 0.0 1.0 0.0
4 2203603  3603-N01 2123260066 9.2 8.0 8.5 A A 0.889249  0.110751 0.0
5 2203603  3603-N01 2123260021 8.8 8.0 8.3 A A 0.797149  0.202851 0.0
176 22212119 2119-N08 2121190046 7.4 7.5 7.4 B B 0.011068  0.988932 0.0
177 22212119 2119-N08 2121190002 7.5 7.0 7.3 B B 0.043855  0.956145 0.0
178 22212119 2119-N08 2121190010 7.7 7.5 7.6 B B 0.043855  0.956145 0.0
179 22212119 2119-N08 2121190001 7.7 8.0 7.8 B B 0.093356  0.906644 0.0
180 22212119 2119-N08 2121190036 7.5 7.0 7.3 B B 0.030351  0.969649 0.0

(Ghi chii: Cdc ¢t p_A, p_B, p_C la xdc sudt da hi¢u chinh, phan dnh mikc dj tin cdy khi phan vdo timg tang).
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Béng 8: Tong hop theo 6p (trich tir class_summary.xlsx).

Top5_by_p_C (MSSV)

Nhoém_rui_ro

2203603 62 419 581 0.0 2123260145, 2123260022, 2123260196, 3603-N09, 3603-N06, 3603-N08,
2123260049, ... 3603-N03

22203902 62 435  56.5 0.0 2123120121, 2123120163, 2123120503, 3902-N09, 3902-N06, 3902-N01,
2123120181, ... 3902-N05, 3902-N07

22212119 56 50.0 50.0 0.0 2121190061, 2121190030, 2121190059, 2119-NO06, 2119-N02, 2119-N01

2121190039, ...

(Ghi chii: Top5_by_p_C liét ké MSSV c6 xdc sudt 16p C cao nhit trong moi 16p;

déu ddn cho nhom trung binh (B) va tan dung vai trd
dan dét ctia nhém cao (A).

Nhom nguy co (C): Uu tién gdp truc tiép ca nhan
hodc nhém nho; tap trung vao nhiém vu ngén, rdo muc
tieu (vi du: “3-2-1” - ba diém chinh, hai cau hdi, mot
cam két tuan), kem trinh bay ng.’fm va tiéu chi danh
gia thu gon dé theo dai tién bo. Van hanh ngudng
bat déi xang (dé kich hoat hon véi cac ca c6 tham gia
thap), déng thoi xem cym nhém rai ro cao dé phan
cong giang vién/phu giang. Khéi lugng dién hinh:
5-10% sinh vién/16p, khoang 60-90 phut/tuan.

Nhom trung binh (B): Duy tri nhip luyén tap co
phan hdi nhanh: déng vai theo kich ban, bao céo
ngdn theo khung “Tinh huéng - Hanh dong - Két
qua”, checklist ki ning hop tac. Gén co yellow/
green, yéu cau bang chimg hang tuan véi i trong
diém nhoé dé khuyén khich tan suat. Khai luong: 45
- 60 phut/tuan.

Nhém cao (A): Giao vai tro dan dit mini-project
ngén, hd tro kem cdp B/C theo NHOM, chia sé thuc
hanh t8t. T6 chitc phan hdi ddng dang c6 dinh dang
dé khong ting tai giang vién. Khai lugng: khoang 30
phut/tuan.

Tinh khd thi trong hoc ki: Tong thoi luong bd sung
cho giang vién khoang 2-3 gio/tuan/16p, tap trung
cho ca red/yellow. Béo céo dinh ki st dung hai dau
ra: final_alerts (theo sinh vién) va class_summary
(theo 16p/nhém) dé can bang gitta mic d6 nhdm
muc tiéu, tinh kha thi van hanh va muc tiéu tang bao
phu lép C.

4.2. Rang buic, gidm sdt va bdo tri mo hinh

Theo doi dg tin cdy: Giam sat Brier va ECE theo tuan.
Khi ECE tang dang ké, uu tién hiéu chinh lai x4c suat
(Recalibration) hodc cap nhat mé hinh cudi ki.

D¢ vitng va bat dinh: Do 16p C hiém, nén kém
khoang tin cay (bootstrap) cho Macro-F1 va
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Nhém_riii_r6 la cde NHOM xudt hién trong top-k).

AUPRC(C), déng thoi béo cao do nhay theo ngudng
dé minh bach danh déi gitta precision va recall.

Cong bang gifta cdc nhom: P6i chiéu chi s& theo
LOP/NHOM @dé phat hién léch can thiép c6 hé
thong. Khi can, ap dung diéu chinh ngudng theo
nhom hodc rang budc trong huén luyén.

Quy trinh “Human-in-the-loop”: Céc ca red/yellow
duoc giang vién duyét trudc khi dp dung bién phap
manh; phan hdi cua giang vién duge dung lam tin
hiéu hoc tdng cuong cho phién ban tiép theo.

Dit ligu va riéng tu: Tich lu§ qua nhiéu hoc ki dé
6n dinh udéc luong, song hanh véi an danh hoa va t6i
thiéu hoa thong tin nhan dién.

4.3. Nhin xét bo sung tir dir ligu dy bdo

Phdn b6 dy dodn: Dit lieu thuc nghiém nghiéng
manh vé A/B; xac sudt cho C hiém khi vugt ngudng,
pht hop tan suat C thap. Mo hinh 6n dinh 6 A/B
nhung con nham 1an chéo khi dic trung hanh vi/
diém qua trinh chéng 1an.

Gidm nham lan A - B: B6 sung déc trung dong theo
thoi gian (xu huéng, dao dong, dang han), ddc trung
nhém (phuong sai ndéi nhém) va tin hiéu nhiém vu
nhé c6 tiéu chi danh gia; c6 thé ap dung rang budc
don diéu hodc trong s6 mat mat.

Uu tién phat hién C: Khi muc tiéu la nang recall cho
C, ha ngudng canh bao hodc ap dung chién luoc top-k
theo ngan sach can thiép (ti 1é sinh vién t6i da can xt
1i mdi ki). Trong bao cao, uu tién duong cong PR cho
C thay vi F1 don diém dé phan anh dang nang luc
x€p hang khi 16p hiém.

4.4. Tong hop dinh hudng trién khai

- Dung xéc suat da hiéu chinh dé dit nguong
minh bach, c6 gidm sét theo tudn bang Brier/ ECE.

- Ap dung top-k hoic ha nguong c6 kiém soat
nhim ting bao phu C, kéem duyét ctia gidng vién
trudce can thiép.



- B6 sung déc trung dong theo thoi gian va nhém
dé giam nham A-B.

- Duy tri danh giad group-aware (OOF/LOCO)
lam chudn, két hop bao cdo bat dinh va cong bang
theo 16p/nhoém cho céac quyét dinh van hanh.

5. Két luan

Bai bdo gioi thiéu mot khung Dy bdo — Phin
tang — Can thigp cho hoc phan Ki ning mém, nhan
manh tinh kha thi trién khai trong 16p hoc thuc va
kha ndng tai lap qua céc ki. Céc két qua cho thay mo
hinh c6 ndng luc xép hang rui ro t6t ngay ca khi 16p
C hiém, va xac suat sau hiéu chinh isotonic du tin
cay dé chuyén hod thanh quyét dinh van hanh.

- Bong gop chinh: 1) Xay dung pipeline dit liéu-mo
hinh theo thuc hanh t6t cda EDM, kiém soéat ro ri
theo thoi gian va danh gia group-aware trén cap khoa
LOP/NHOM,; 2) Thiét ké dac trung két hgp hanh vi
theo tuan (T1-T7), diém lién tuc va tin hiéu nhom,
v6i hai ché€ do dung linh hoat cho du béo gitra ki va
tong két cudi ki; 3) Mo hinh hoda da 16p bing XGBoost
va hiéu chinh xac suat isotonic, cho dau ra xac suat
on dinh dé anh xa thanh quy tic canh béo; 4) Déng
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