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Tom tat: Bai bao d& xuit mot mod hinh hoc may cho bai toan phan 16p trén tap
dir liéu mat can bang, trong d6 sir dung két hop k§ thuat sinh mau tong hop SMOTE va
giai thuat AdaBoost cho thuat toan Cay quyét dinh. Céc tac gia da tién hanh thuc
nghiém danh gia so sanh hi¢u qua phan lop cua mo hinh da dé xuat véi céc giai thuat
Cay quyét dinh sir dung entropy va chi so Gini trén bo dir ligu thyc té thu thap tai
Truong trung hoc phd thong (THPT) Dong Hiéu, Thai Hoa, Nghe An tir nim 2014 dén
nam 2019. Két qua nghién ctru ¢6 thé str dung lam nén tang dé xay dung ring dung hd
trg du dodn sém kha néng théi hoc cua hoc sinh THPT, c6 ¥ ngh1a g6p phan nang cao
chét lugng gido duc dio tao cta nha truong va cac cap quan ly giao duc.

Tir khoa: Hoc may:; khai pha dit liéu; dir liéu mat can bang; Cay quyét dinh;
AdaBoost, SMOTE.

1. Mé dau

Phén 16p dix liéu 1a mot bai toan pho bién trong cac tng dung khai pha di ligu,
xay dung cac h¢ du doan, dy bao hay khuyen nghi... nham hd trg con ngudi trong nhiéu
linh vyc cta doi song. Céc phu’ong phap giai quyét bai toan phan |6p thuong sir dung mo
hinh dang luat hoic st dung cac giai thuat hoc may nhu: Cay quyét dinh, Mang no-ron,
Naive Bayes, Support Vector Machines.. Trong nhiéu trudng hop, cac giai thuat nay
khong dat hiéu qua cao khi cac b dit lieu c6 sy chénh Igch I6n ve s6 lugng mau hoc cua
céc nhan 16p, goi 1a bo dir liéu mét can bang. Trong bo dir liéu d6, nhén 16p ¢6 sb lugng
mau hoc l6n duoc goi 1a 16p da s6 (nhan am, nhén tiéu cuc, thuong duoc ky hiéu 1a 0
hodc -1); nhan 16p ¢ s6 lwong mau hoc it duoc goi 1a 16p thiéu sé (nhin duong, nhin
tich cuc, thuong dwoc ky hiéu 1a +1). Tuy nhién, cac bo dit liéu mat can bang nay lai xuat
hién rat pho bién trong céc bai toan quan trong phét hién cac truong hop hiém gap, nhu
chuan doan bénh trong y hoc, dy doan sém kha nang thdi hoc trong treong hoc, phat hién
su ¢d méi trudng, phat hién gian lan giao dich, phat hién tan cdng mang... Tuy thugc vao
ting truong hop va hoan canh cu thé, do mat can bang co thé khac nhau, tir mirc d6 nho,
vira phai, cho dén cac truong hop ty 18 mat can bang rat lon dén cuc ky l6n, cd thé 1én
dén 1:100 tham chi 1: 10.000. Khi do, néu &p dung cac thuat toan hoc may truyen thdng
trén cac tap dir liéu mat can bang, hau nhu cac phan tir thudc 16p nhin da s6 s& dugc
phan 16p dung va cac phan tar thuoc 16p thiéu sb ciing s& d& bi nhan dién gan nhdn nham
la nhan 16p da s6. Piéu nay la dé hiéu bai vi cac giai thuat hoc may s& diéu chinh theo
hudng phan 16p chinh xac téi da sé mau, trong treong hop mat can bang thi sé mau nhén
am 1a da s6 dan dén mo hinh phan 16p s& qua “khép” véi dix lidu 16p da sb. Bidu ndy dan
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dén md hinh phan 16p s& cho két qua vai do chinh xéc (accuracy) rat cao trong khi gia tri
d6 nhay (sensitivity) lai rat thap. Do vay, céac giai thuat phan 16p cé thé thuc hién hiéu
qua trén dir liéu kha can bang nhung lai cho két qua khong tét véi cac tap dit liéu mét can
bang. Pidu nay tao nén su thl vi va tao dong luc trong viéc nghién ctru cac phuong phap
cai tién mo hinh phan 16p khi ap dung cho bai toan di liéu mét can béng

Nhiéu phuwong phap da dugc dé xuat dé giai quyet Van dé nay [5], chu yéu duogc
phan thanh hai nhom co ban: tlep can & muc giai thuat va tiép can & muc dit liéu.

- Tiép can & mac giai thuat huéng toi viée diéu chinh céc thuat toan phan lép
manh truyén théng dé van co hiéu qua cao trén cac tap di liéu mat can bang. Mot sé
phuong phap da dugc cac nha nghién ctru dé xuat nhu: Diéu chinh xac suat ude luong,
st dung cé&c hang sé phat khac nhau cho cac nhan 16p khac nhau.

- Tiép can ¢ muc di liéu nham tao ra sy phan b can bang hon vé s6 lwgng mau
gitta cac nhan 16p, cac k§ thuat thuong st dung: (i) sinh thém cac phan tir cho 16p thiéu
s6: SMOTE [7], ADA-SYN, OSD... (ii) loai bo béot cac phan tir thuoc Iop da sé:
NearMiss, SMOTE vé&i Tomek links [8]...

Bén canh do, trong linh vyc gi4o duc, cac béo céo théng ké vé gido duc phé thong
trong nhitng nam gan day tir c4c so gi4o duc va dao tao cho thay hién tuong hoc sinh thoi
hoc & bac trung hoc co s& (THCS) va THPT xay ra khéa phé bién. C6 nhiéu nguyén nhan
dan &n tinh trang hoc sinh thdi hoc nhu: do két qua hoc tap, hoan canh gia dinh va ca
nhan, mdi truong tac dong, co so ha tang giéo duc, sy thay doi cach day va hoc tir THCS
Ién THPT... Trudc nhitng thach thirc do, cac nha hoach dinh chinh sach ciing nhu quan ly
gi4o duc & co s& can phai tim hiéu cac nguyén nhan dé cai thién chat luong cdng tac giang
day va hd trg ngudi hoc. Song song véi do, viéc theo dbi, ra soat hién trang, dua ra nhiing
du doan phat hi¢n sém cac hoc sinh c6 thé thoi hoc c6 y nghia rat 16n trong viéc dua ra cac
giai phap, tu van hd tro k1p thoi dé giam thiéu téi da viéc hoc sinh théi hoc [3 4].

Vi nén tang 1 cac giai thuat hoc may, ching ta c6 thé hoan toan xay dung duoc
mot hé thdng du doan sém kha nang théi hoc caia hoc sinh thong qua céc giai thuat phan
I6p nhi phén, véi nhén -1 la dir liéu hoc sinh theo hoc binh thwong, nhan +1 gan cho dix
liéu hoc sinh théi hoc; c4c thudc tinh cia méi mau di liéu can thu thap 1a cac théng tin
cta hoc sinh ¢6 thé anh hudng dén viéc thdi hoc nhu: gigi tinh, hoan canh gia dinh, hanh
kiém, hoc luc, diém dau vao, nghé nghiép b6 va me... Do sb lwong hoc sinh thdi hoc so
véi hoc sinh theo hoc chiém ty Ié rat nho nén bo dit liéu nay tré thanh b dir liéu mét can
bang nhi phan.

Trong bai béo nay, cac tac gia tién hanh thu thap di liéu thuc té vé tinh trang hoc
sinh thdi hoc tai Truong THPT Pong Hiéu, Thai Hoa, Nghé An, tir d6 thir nghiém sir
dung cac phuong phap hoc may trén dir liéu mat can bang dé xay dung mé hinh phan Iop
dur doan sém hoc sinh thdi hoc. Bai b4o tién hanh danh gia, so sanh cac két qua phan 16p
du doan dbi véi cac giai thuat Cay quyét dinh [3], Cay quyét dinh két hop AdaBoost va
danh gia hiéu qua cua ky thuat l1ay mau OverSampling SMOTE.

2. Cac giai thuat phan lop co sé
2.1. Thudt toan phan lép dwa vao Cay quyét dinh

Céy quyét dinh (decision tree) la mot kiéu mo hinh du doan ¢6 cau tric phan cap
cua cac nut va cac nhanh dugc biéu dien dusi dang cay [1, 2]. Cay quyet dinh co ba loai
nat: nat goc (root), nat trong (internal node) va nat 1a (leaf node). N6 ¢6 thé dugc dung
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dé phan 16p bang cach xuat phat tir nit gdc va di chuyén theo cac nhanh cho dén khi gap
ndt 1a. Trén co s6 phan 16p nay, ching ta c6 thé chuyen d6i vé cac luat quyet dinh (dang
if-then). Moi nut trong biéu dién mot thudc tinh, cac nhanh biéu dién gia tri c6 thé co cua
thugc tinh, mdi nat 14 biéu dién gié tri caa nhan 16p. Hinh 1 biéu dién mot cay quyét dinh
téng quét.

| Gée l
" ) . Gid trj thude tinh
i — .
:: Nut I :»\ Nt trong
__g"_"_'_ﬁ _A__
CoNals D C Natlg D)

Hinh 1: Cay quyét dinh tong quét

Tao cdy quyét dinh chinh 1a qua trinh phan tich co s dir liéu, phan 16p va dua ra
du doan. Cay quyét dinh duoc tao thanh bang céach lan lugt chia mot tap dir liéu thanh
cac tap con, moi tap con dugc tao thanh chu yéu tir cac phan tir cua cing mot 1op. Lua
chon thudc tinh dé tao nhanh thuong dua vao entropy hodc chi sé Gini.

Xét cac tap dir liéu sau:

+ C ={C4, C,, ..., Cy}: thudc tinh phan 16p;

+ D: tap dix liéu huan luyén c6 thuoc tinh phan 16p C;

+D=D; uD;u ... U Dy phén hoach trén D vGi Di N DJ .

Pé thuc hién qué trmh phan 16p, ching ta can tim kiém cac d6 do dé danh gia
mirc 46 ddng nhét caa cac ddi twong dya trén thudc tinh phan 16p va tir d6 chon do do dé
tim ra phan hoach cia D c6 mic d6 dong nhat cuc dai. Mot s6 do do phd bién thuong
dugc dung gdom entropy hoc chi sb Gini.

- Entropy cua tap dir liéu 1a luong thong tin can thiét ¢é phan loai moét phan tu
trong tap dir liéu huan luyén D, ky hiéu: Info(D).

- Pat p; 1a x4c suat cia mot phan tir bat ky trong D thudc vao 16p Ci véi 1 <i <m.

- Pt Dj 1a tap cac phan tir trong D thudc vé 16p C;. Ta co:

| D]
DI’
m

Info(D) = = )" pilog,(P).

i=1
- Entropy cua tap dit liéu tng véi thudc tinh A 1a Tuong thdng tin can dé phan loai
mot phan tr trong tap di liéu D dya trén thuoc tinh A, ky hiéu Infoa(D), trong d6 thudc
tinh A dung dé tach D thanh t phan hoach twong (ing 1a Dy, Dy, ..., Dr. M&i phan hoach D;
co |Dj| phan tir, véi 1 < j < t. Luong thong tin nay cho biét mirc @6 trung lap gitra cac
phan hoach va mong doi Infoa(D) cang nho cang tét.
Ta c0 cong thuc tinh Infoa(D) nhu sau:

Info,(D) = Z ||D| X Info(Dj). (2.2)

bi =
(2.1)
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- D loi thong tin (information gain) c6 muc dich tdi thiéu hod luong thdng tin
can thiét dé phan 16p cac mau dix liéu. Do loi théng tin tng véi thude tinh A, ky hiéu
Gain(A), 1a d6 sai léch giita entropy ban du cua tap dir lidu (truéc khi phan hoach) va
entropy cuaa dit liéu véi thudc tinh A (sau khi phan hoach bai A). Bé tao nhanh trong cay
quyét dinh, ta chon thudc tinh c6 do loi thdng tin Gain(A) Ion nhat.

Gain(A) = Info(D) — Info,(D). (2.3)

- Chi s6 Gini (Gini Index) dya vao binh phuong cac xac suit thanh vién cho mdi
thé loai dich trong nat. Gia tri cua né tién dén bang 0 khi moi trudong hop trong nut roi
vao mot thé loai dich duy nhét.

Giasuy=A{1,2,.., n}, goi f(i, j) la tin suat cua gié tri j trong nat i, khi d6 f(i, j) 1a
ty 1é cac ban ghi véoiy =] duoc Xép vao nhom i. Ta c6 cbng thuc:

o) =1- Z f@) (2.4)
=1
2.2. Ky thugdt AdaBoost két hep Cay quyér dinh

Boosting 1a ky thuat sir dung két hop cac thuat toan hoc may trén quan thé khong
gian mau mét cach tuan ty, sau d6 thuc hién tong hop cac két qua phan 16p riéng dé duoc
mot bo phan 16p hiéu qua. Mot giai thuat hiéu qua trong Boosting la AdaBoost (Adaptive
Boosting) [6], st dung cac trong s6 phan bo 16 gan cho tung mAau nhu dugc chi ra trong
Giai thuat 1. Thuat toan ban dau phan bd céc trong s6 tuong duong trén mdi mau huan
luyén. Trong mdi budc lap, thuat toan tién hanh: (i) huan luyén mau bai mot bo phan loai
yéu; (i) kiém tra lai két qua phan I6p trén mau huan luyén d6 co chinh xac khong; (iii)
tinh toan lai phan bé trong s6 15i trén cac mau theo hudéng: ting trong s6 13i trén cac mau
bi phan loai sai va giam trong s6 15i trén cac mau dugc phan loai ding. Sau khi két thic
cac vong lap, giai thuat sé tién hanh tong hop cac bo phan 16p thanh vién thanh bo phan
I6p t6ng hop.

Giai thuat 1: Giai thuat AdaBoost

Input: Tap N mau dit 1iéu Xrrain, Xvatidation, M: s6 1an 13p téi da, wi: phan bd trong s6 15i
Output: H: B6 phan 16p tong hop
Begin
Initialize: w; = 1/N T=1, h,,; /* b0 phén loai thanh vién =/
Form=1,2,...,.M
(@) Xirain(x) st dung w;
(b) hy < Train(Xirain)
(c) Tinh dai luong: em= Lis 04 I(yliczl?vSSlfy(XTmm hand)
=1
(d) Tinh todn tham s mo hinh: ay=A.log === (0<A < 1)
(e) Thiét 1ap lai phan bé trong sb 15i:
Wisl — W;. exp[am.l(yi # Classify(Xrrain» hm))], i=1,2,....N
(f) Hn= sign[X7L, ajh;]
Return Hr.
End
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Cha y rang trong Giai thuat 1, tap dit liéu X véi N mau ban dau duoc chia vao tap
Xtrains Xvalidation, trong d6, mdi mau dugc gan 1 trong s 16i ban ddu nhu nhau w;i=1/N.
Trong mdi vong lap, bo phan 16p hy, duoc st dung dé phan 16p bo Xain. Tir két qua phan
l6p nhan dugc, giai thuat s& kiém tra viéc phan loai chinh xac trén mdi mau. Tinh toan
tham s6 am cho bo phan 16p hy ¢ budce (d) thong qua dai lugng trung gian &m ¢ budc (c).
Tur do, tinh toan phan bo trong s6 18i wis1 theo hudng tang trong sb néu mau bi phan loai
sai, giam bét trong sb néu mau duoc phan loai ding. Viéc tinh todn nay duoc thyuc hién
thdng qua cong thire & budce (e). Budc (f) tién hanh tao bo phan 16p tong hop Hy, dua trén
tham s6 am Nhan phan 16p dugce xac dinh dwa vao ham dau: nhan (+1) khi Hy > 0 va
nguoc lai, nhan (-1) khi Hy < 0.

2.3. Kj thudt Idy mdu OverSampling SMOTE

Nhu da dé cap ¢ Phan 1, mot md hinh giai thuat hoc may cho ty & chinh xac cao
trén bo dir liéu mét can bang, nhung trong thyc té ty 18 nay c6 thé khdng mang nhiéu y
nghia. Vi dy, gia st bo dir liéu c6 100 mau, véi 95 nhdn &m (-1), 05 mau nhin duong
(+1). Néu mé hinh cho két qua phan 16p du doan diing 92 nhan (-1) va 01 mau nhan (+1),
khi d6 ty I& phan loai chinh xéc Ién dén 93%, tuy nhién mé hinh khong c6 nhiéu y nghia
vi chi phan 16p dy doan dang 01 trong 05 mau nhdn 16p quan trong nhan (+1). Dé tan
dung va cai thi¢n chat luong phan 16p cua céc giai thuat hoc may, nhiéu nghién cau da
tiép can theo huéng st dung cac ky thuat Iay mau (Sampling): sinh ra cac mau tong hop
cho cac nhan (+1) (OverSampling) va giam s6 luong cac mau nhan (- 1) (UnderSampling)
nham muc dich cai thién ty 1& s6 luong mau gitra cac nhan I6p can bang hon. Trong bai
bao nay, chung ti st dung ky thuat OverSampling pho bién SMOTE (Synthetic
Minority Over-sampling) [7] dé diéu chinh mirc d6 can bing cua bo dit lidu. Ky thuat
nay nham muc dich tao ra cac dit liéu nhan tao dya trén cac khong gian déc tinh tuong
dong voi cac mau nhom thiéu s6. SMOTE sir dung giai thuat K-lang giéng gan nhat
KNN (K-Nearest Neighbor), tinh toan cac khoang cach trén cac khong gian thugc tinh
ctia cAc mau trong nhém thiéu so; tir d6 1am co s& dé tao ra mau tong hop maéi véi su
khac biét khdng gian thugc tinh 12 nho nhat. Mau tdng hop Xnew dua trén viéc chon K lang
giéng va mot sb thuc 8 € [0, 1] dé xéc dinh vi tri:
Xnew = X+ (X —x;) * 6 (2.9)

Hinh 2: Minh hea qué trinh Iy mau
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Pé minh hoa, gia sir cdc mau nhan I6p thiéu sé (+1) duoc biéu dién 1a ddi tuong
hinh tron, nhén 16p da s6 (-1) duoc minh hoa Ia déi twong hinh sao nhu Hinh 2. D¢ sinh
K mau tong hop tir mau x;, giai thuat tim K lang giéng gan x; nhat. Sau do, dua vao § dé
t6ng hop nén Mot Mau Méi Xnew trén “dudng di” tir x; dén cac lang giéng Hinh 2 dya vao
cong thuc (2.5).

Viéc chon K va § s& tao nén cac mau tong hop moi cho dén khi dat duoc ty 1¢ can
bang mau mong muén. Hinh 3 minh hoa b dit liéu 1000 mau trong d6 c6 20 miu c6
nhan (+1) va 980 mau nhan (-1), ty 1& mit can bang 1:49; sau khi thir nghiém ky thuat
SMOTE thi dat ty I& can bang mau 1:5.

34 & -

T T T T T T T T T T
-1 0 1 2 3 -1 o] 1 2 3

Hinh 3: Mdu diz liéu duroc sinh véi ky thugt SMOTE

3. Pé xuat mo hinh phan l6p du dodn

Dua trén cac phuong phap va giai thuat da trinh bay & Muc 2, trong phan nay,
ching t6i dé& xuat mé hinh phan 16p cho ung dung du doan sém kha ning hoc sinh thdi
hoc. Vi bo dir liéu mat can bang, mé hinh st dung k¥ thuat sinh mau téng hop SMOTE
cho 16p nhan thiéu sb, dua bo dir liéu vé trang thai can bang hon. Ap dung céc giai thuat
hoc may phé bién nhu Cay quyét dinh va AdaBoost két hop Cay quyét dinh dé tién hanh
huan luyén trén mau, chung t6i dé xuat mo hinh phan 16p du doan nhu Hinh 4.

Trong qué trinh huan luyén trén mau thir, mod hinh lién tuc duoc danh gia lai, dya
trén ki thuat AdaBoost di trinh bay & Muc 2.2, dé thich nghi véi dic trung dix ligu.

[ D ligu
l
Ky thuat
lay mau l
[""—T—""] ————»| Cac giai thuat Mé hinh
—_— hoc may han 1&
M | P P

Hinh 4: M6 hinh phan lop du dodn
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4. Thir nghiém va két qua

Cac buac thyuc hién thir nghiém phan 16p du doan sém kha nang théi hoc caa hoc
sinh dugc mo ta nhu sau:

- Buwéc 1: Thu thap di liéu thong tin hoc sinh tai Truong THPT Péng Hiéu, Thi
x& Thai Hoa, Nghé An tir nam 2014 dén 2019;

- Bwéc 2: Tién xu ly dit lidu: xir ly nhiing dit liéu con thiéu; chuyén ddi sé hoa
C4c gia tri thudc tinh; st dung k¥ thuat sinh mau SMOTE dé giam ty 1& mat can bang;

- Bwéc 3: Chia tap dit liéu huan luyén va kiém tra theo céc kich ban thtr nghiém;

- Buéc 4: Thuc hién huan luyén tao md hinh theo céc giai thuat dé xuit;

- Buéc 5: Phan tich danh gia két qua thir nghiem.

Bo dir liéu thtr nghiém 1a két qua thu thap théng tin hoc sinh tai Truong THPT
Pong Hiéu, Thai Hoa, Nghé An tir nim 2014 dén 2019. Bo dit liéu gdm 828 mau, trong
d6 c6 101 mau thdng tin vé& hoc sinh théi hoc (nhan +1), tic 14 ty 16 mat can bang xap xi
1:8. Ngoai thudc tinh nhan, mdi mau di liéu cd 14 thudc tinh dugc chuan hoa sang dang
s6, bao gdbm: Gioi tinh, Lich sir ky luat, Lich sir khen thuéng, Muc song gia dinh, Nghé
nghiép cua bd, Nghé nghiép cua me, Hoc lyc THCS, Hanh kiém THCS, Biém tuyén
sinh, Khoang cach dia ly, Tinh trang vang hoc, S6 anh chi em, Tinh trang gia dinh, Y
thurc hoc tap.

Kich ban thir nghiém da tién hanh phan 16p du doan sir dung cac giai thuat Cay
quyét dinh véi chi sb Gini va entropy; Cay quyét dinh két hop AdaBoost; sir dung k¥
thuat 1dy mau OverSampling SMOTE trén bo dir liéu da thu thap véi ty 16 mau huan
luyén va thir nghiém (Training/Test) khac nhau. Céac két qua duoc danh gia dya trén cac
d6 do Accuracy, Confusion Matrix, Precision, Recall, F1-Score. Két qua thu duoc voi bd
dir liéu ban dau voi ty 1é mat can bang khoang 1:7 dugc thé hién trong Bang 1, trong d6
T la ty & phan tram cua tap di liéu tha nghiém trich tir tap di liéu ban dau.

Bang 1: Tdp diz liéu véi ty 1é mat can bang 1:7

T=0.3 T=05 T=07
Giai thuat | Matran | Do chinh | Matran | g chinh | Matran | P chinh
nham lan XAac nham lan Xac nham lan Xac
Cayquyet | |, . 358 6 506 31
dinhvei chi | [=* ]| 09759 [ o a| 0978 |77 || 0.9724
so Gini
Cay quyét 216 37 358 67 506 37
dinh véi 5ol | 09839 [ 3 ]| 09mss | PY S]] 0.0724
entropy
Cay quyét 217 27 362 27 505 57
dinh véi 0.9879 [ 0.9830 [ 0.9810
| 291 5 45 6 65
AdaBoost
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Bang 2: Két qua thyc nghiém

Cay quyét dinh véi Cay quyét dinh véi Cay quyét dinh véi
Ty 1€ chi so Gini Entropy AdaBoost
dirlieu | | | F1- .. F1- — Fi-
Precision| Recall . Precision| Recall . Precision | Recall .

0.3| 0.9241 |0.9719|0.9462 | 0.9508 |0.9765|0.9632| 0.9470 |0.9598| 0.9533

0.4| 0.9250 |0.9522 | 0.9380 | 0.9250 |0.9522 (0.9380| 0.9520 |0.9324|0.9419

1:7 0.5| 0.9368 |0.9518 | 0.9441 | 0.9368 |0.9518 |0.9441| 0.9792 |0.9286| 0.9520

0.6 0.9489 |0.9359 | 0.9423 | 0.9489 |0.9359 |0.9423| 0.9378 |0.9503| 0.9439

0.7| 0.9629 |0.9055|0.9316 | 0.9629 |0.9055|0.9316| 0.9487 |0.9378|0.9431
0.8| 0.9191 |0.9378|0.9281 | 0.9191 |0.9378 |0.9281| 0.9427 |0.9477|0.9452

0.3 | 0.9664 |0.9822|0.9741 | 0.9664 |0.9822|0.9741| 0.9634 |0.9713|0.9673

0.4| 0.9474 |0.9806 | 0.9630 | 0.9474 |0.9806 [0.9630| 0.9527 |0.9730|0.9625

1:5 |0.5| 0.9243 |0.9348 | 0.9295 | 0.9243 |0.9348 |0.9295| 0.9524 |0.9692| 0.9606

SMOTE|0.6 | 0.9274 |0.9674 | 0.9459 | 0.9274 |0.9674 |0.9459| 0.9552 |0.9682|0.9616

0.7| 0.9522 |0.9522 | 0.9522 | 0.9522 |0.9522 (0.9522| 0.9603 |0.9491|0.9546

0.8| 0.9401 |0.9496 | 0.9448 | 0.9401 |0.9496 [0.9448| 0.9481 |0.9513|0.9497

0.3| 0.9768 |0.9680 | 0.9723 | 0.9768 |0.9680 0.9723| 0.9661 |0.9703|0.9681

0.4| 0.9536 |0.9702|0.9615 | 0.9536 |0.9702 |0.9615| 0.9663 |0.9698 | 0.9681
1:3 |0.5| 0.9478 |0.9708 | 0.9586 | 0.9478 |0.9708 |0.9586| 0.9651 |0.9733|0.9691

SMOTE| 0.6 | 0.9657 |0.9700|0.9679 | 0.9657 |0.9700 |0.9679| 0.9652 |0.9758|0.9704

0.7 | 0.9629 |0.9609 | 0.9619 | 0.9629 |0.9609 |0.9619| 0.9594 |0.9651|0.9622

0.8 | 0.9560 |0.9576 | 0.9568 | 0.9560 |0.9576|0.9568| 0.9557 |0.9620| 0.9588

0.3| 0.9453 |0.9583 | 0.9514 | 0.9495 |0.9606 [0.9547| 0.9742 |0.9766 | 0.9755

0.4| 0.9569 |0.9653 | 0.9609 | 0.9602 |0.9669 [0.9634| 0.9772 |0.9754|0.9763

1:2 05| 0.9603 |0.9659 | 0.9647 | 0.9629 |0.9709 |0.9667| 0.9696 |0.9764|0.9729

SMOTE|0.6 | 0.9673 |0.9747 | 0.9709 | 0.9694 |0.9759 |0.9725| 0.9750 |0.9805|0.9777

0.7| 0.9713 |0.9765 | 0.9738 | 0.9742 |0.9794 (0.9767| 0.9561 |0.9561|0.9561

0.8| 0.9647 |0.9584 | 0.9614 | 0.9647 |0.9584 |0.9614| 0.9598 |0.9583|0.9591

0.3| 0.9778 |0.9828 | 0.9801 | 0.9818 |0.9851 [0.9829| 0.9886 |0.9886 | 0.9886

0.4| 0.9775 |0.9840 | 0.9805 | 0.9775 |0.9840 (0.9805| 0.9859 |0.9879|0.9869

1:15 |0.5| 0.9780 |0.9844 | 0.9810 | 0.9780 |0.9844 [0.9810| 0.9867 |0.98900.9878

SMOTE|0.6 | 0.9777 |0.9828 |0.9801 | 0.9777 |0.9828 |0.9801| 0.9802 |0.9828|0.9814

0.7| 0.9780 |0.9833|0.9804 | 0.9780 |0.9833(0.9804| 0.9745 |0.9794|0.9768

0.8| 0.9791 |0.9828 | 0.9802 | 0.9791 |0.9828 |0.9802| 0.9640 |0.9682 | 0.9659

0.3| 0.9722 |0.9732|0.9725 | 0.9722 |0.9732|0.9725| 0.9815 |0.9819|0.9817

0.4| 0.9776 |0.9780|0.9777 | 0.9776 |0.9780 (0.9777| 0.9810 |0.9812|0.9811

1:1 |0.5| 0.9781 |0.9782|0.9780 | 0.9781 |0.9782|0.9780| 0.9835 |0.9836|0.9835

SMOTE|0.6| 0.9818 |0.9817 | 0.9817 | 0.9818 |0.9817|0.9817| 0.9818 [0.9817|0.9817

0.7| 0.9816 |0.9812|0.9813 | 0.9816 |0.9812 |0.9813| 0.9807 |0.9802 | 0.9803

0.8| 0.9822 |0.9818 | 0.9819 | 0.9822 |0.9818 [0.9819| 0.9761 |0.9758|0.9759
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Két qua thir nghiém mo ta trong Bang 2 dua dén mot sé nhan xét sau:

- Vi bo dit liéu ban dau ty 16 mat can bang ~1:7 giai thuat AdaBoost két hop Cay
quyét dinh cho két qua phan I6p cao hon so véi viéc chi sa dung Cay quyét dinh véi
entropy va chi s Gini, dic biét khi ty 1& mau thir nghiém ting dan. Khi chiéu theo hang
ngang, cac gia tri duoc boi dam 14 gid tri 16n nhat cia do do Precision, cac gia tri gach
chan 1a gié tri 16n nhat cia d6 do Recall va cac gia tri gach chan - dam 1a gia tri 16n nhat
cia do do F1-Score twong tng véi ting giai thuat Cay quyét dinh vai chi sé Gini,
entropy hay AdaBoost (trong d6 T 14 ty & phan tram cua tap dit liéu thir nghiém trich tir
tap dit liéu ban dau). |

- Khi sir dung k§ thuat sinh mau téng hop SMOTE cho bo dit liéu dé do mat can
bang giam dan tir 1:7 xuéng 1:5, 1:3, 1:2, 1:1.5, 1:1 cac d6 do Precision, Recall, F1-
Score déu ting 1én (chiéu theo cot doc), viéc phan lép chinh xé&c trén cac mau nhan
dwong ciing tang. Diéu ndy cho thay hiéu qua caa viéc sinh mau tong hop tac dong rat tot
dén mad hinh phan 16p.

5. Két luan

Trong bai b&o nay, ching toi da dé xuat mot md hinh phan 16p dy doan 4p dung
céc k¥ thuat xur ly véi dir liéu mat can bang hai nhan 16p bang cach két hop ky thuat sinh
téng hop mau méi SMOTE va giai thuat AdaBoost cho Cay quyét dinh. Ap dung mo
hinh da dé xuét, thuc nghiém dyu doan kha nang thdi hoc caa hoc sinh Truong THPT
boéng Hiéu, Thai Hoa, Nghé An cho két qua chinh xac cao. Céc két qua thuc nghiém chi
ra rang khi két hop ky thuat sinh mau téng hgp SMOTE vai giai thuat AdaBoost voi cac
giai thuat Cay quyét dinh cho chat lwong tét hon viéc chi ding céc giai thuat Cay quyét
dinh thuan tdy khi ang dung trén bo di liéu mét can bang.

Vé mit ¢ng dung, ching tdi da xay dung dugc mot tng dung cho phép du doan
som kha nang thoi hoc cua hoc sinh; tir d6 gitp nha truong, cac co sd dao tao, can bo
giang day kip thoi dua ra cac giai phap quan tam, hd tro, dong vién hoc sinh dé han ché
kha niang thdi hoc. Theo d6, tng dung tré thanh mot yéu té gép phan nang cao chat
lwong gido duc va dao tao cia don vi, dong gop cho su phét trién caa nén gido duc nudc
nha. Trong thoi gian téi, ching toi s& cai tién giai thuat AdaBoost dé thu duoc nhitng két
qua tét hon cho tap dir liu mat can bang véi ty 1 chénh léch 16n.
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SUMMARY

APPLYING MACHINE LEARNING TECHNIQUES
ON IMBALANCED DATASETS FOR EARLY PREDICTION
OF HIGH SCHOOL STUDENT DROPOUT

This paper proposes a model for the classification problem on imbalanced
datasets, which uses a combination of the SMOTE model and the AdaBoost algorithm
for the decision tree algorithm. We make a comparison between the proposed model and
the decision tree algorithm using the Gini index and entropy on the collected datasets at
Dong Hieu high school, Thai Hoa, Nghe An from 2014 to 2019. The research results can
be used as a framework to develop applications supporting the early prediction of the
ability of students’ dropout. Based on that results, the managers can analyze and come up
with appropriate solutions in order to decrease the school dropout rate.

Keywords: Machine learning; data mining; imbalanced dataset; decision tree;
AdaBoost; SMOTE.
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