VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(3): 3745-3766

Open Access Full Text Article

Bai nghién citu

Cach tiép can méi cho phuong phap Bayes dé giam sai s6 trong
uéc luong tham sé cho mé hinh héi quy logistic

Pham Thi Thu Hoa", Pham Thi Thu Hudng

sr\g
EEE

Use your smartphone to scan this

et -LE'!

QR code and download this article

B¢ mén Todn, Khoa Su pham, Trudng
Dai hoc An Giang, Dai hoc Qudc gia
Thanh phé H6 Chi Minh

Lién hé
Pham Thi Thu Hoa, B mon Toan, Khoa Su

pham, Trudng Bai hoc An Giang, Pai hoc
Quéc gia Thanh phdé H6 Chi Minh

Email: ptthoa@agu.edu.vn

Lich st

o Ngay nhan: 06-09-2025

o Ngay stta d6i: 03-06-2026

o Ngay chédp nhén: 14-08-2026
o Ngay dang: 17-09-2026

DOI: https://doi.org/10.32508/vnuhcmj-
arns.v10i3.1474

| ii} Check for updates

Ban quyén

© Tap chi PHQG Tp.HCM. bay la bai
bao cong bé mé dwoc phat hanh theo
céc diéu khoan cla the Creative
Commons Attribution 4.0 International
license.

TOM TAT

Khi trong di liéu ctia mé hinh héi quy logistic xudt hién nhiéu quan sat co xac sudt udc lugng rat
gan 0 hodc 1, phuong phap cuc dai ham hop ly (Maximum Likelihood Estimation - MLE) thudng
gap kho khan trong viéc udc lugng tham sé va c6 thé tao ra cac udc luang kém 8n dinh vdi sai s6
I6n. Trong boi cdnh do, phuong phap Bayes dugc xem la mét giai phap hiéu qua nha kha néng két
hop thong tin tién nghiém véi dir liéu quan sat. Tuy nhién, hiéu qud cla phuong phap Bayes phu
thudc dang ké vao viéc lua chon phan phdi tién nghiém phi hop cho céc tham sé ctia mo hinh.
Trong bai bdo nay, ching t6i dé xuat mét phuong phap Bayes mai dé lam gidm sai s6 trong usc
lugng tham s6 clia mo hinh. Trudc tién, thuat toan loai bd va chap nhan tham s6 dugc st dung
dua trén muic dé tuong déng gilra s6 liéu moé phdng va s6 liéu quan sat, tir dé xay dung thong tin
tién nghiém cho tham sé. Tiép theo, phan phoi hau nghiém dugc thiét 1ap dua trén ham hop ly va
théng tin tién nghiém vira thu dugce. Thuat toan Metropolis-Hastings (MH) dugc ép dung dé tao
ra chudi Markov diing va udc lugng tham sé cho mé hinh. Hiéu qua cla phucong phap dé xuat
dugc danh gia thdong qua cac nghién céiu moé phong va mot bo dir liéu thuc té. K&t qua cho thay
phuong phap Bayes dugc dé xuat gitip cai thién dé chinh xac clia cac udc lugng tham so, giam sai
s6 uéc luong so vai phuong phap MLE cling nhu phuong phép Bayes st dung tién nghiém khong
chua thong tin.

Tu khoa: Théng ké Bayes, théng ké tan s6, moé hinh hoi quy logistic, phuong phép loai bd, mé
phong s6 liéu

GIGI THIEU

Ham hop Iy cua md hinh héi quy logistic duoc thiét 1ap bang tich cua cac xéac
Suit twrong tng Vai gia tri thuc té cua bién phu thudc tai ting gia tri quan sat'>.
Trong trudng hop ¢6 nhiéu quan sat ma xac suat du doan caa bién phu thudc co
gia tri gan vé 0 hodc 1, viéc udc luong tham sb bang phuong phap cuc dai ham
hop Iy s& tré nén khong 6n dinh® % 7. Khi 6, gia tri cua ham hop ly c6 thé tro
nén cuc ki nho, tién vé 0, dan dén log ham hop Iy tién dan dén &m vo cung, gay
khé khin cho qua trinh udc lugng tham sé va lam sai léch két qua. Khi xir ly sb
liu c6 dang nay bang ham glm trong ngdn ngit R voi phuong phéap cuc dai
ham hop 1y, thuong két qua suy luan khong dua ra canh béo vé do sai léch
trong két qua udc lwong do hién twong tach biét trong sé liéu chua xay ra. Vi
cach tiép can cua théng ké tan s, khi hién tuong tach biét va gan tach xay ra
trong s liéu quan sat, Firth (1993)% da dé xuat phwong phap diéu chinh ham
hop 1y dé gitip cho xac dinh duoc hira han va duy nhét gia trj cuc dai caa ham
hop ly. Bén canh do, vai viéc thém ma tran théng tin vao ham hop ly sé lam
giam sai s6 cho wdc lugng bang phwong phép cuc dai ham hop 1y°.

Théng ké Bayes voi phan phdi tién nghiém co6 dang phan phéi xac dinh c6 thé
giap lam giam sai sb trong uéc luong tham sb cua md hinh hdi quy logistic,
dic biét trong cac trudng hop dir liéu ¢6 nhiéu quan sat ma xac suat thanh cong
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c6 gia tri gan 0 hodc 1'°*%, Khi khdng c6 thong tin vé phan phdi tién nghiém,
Gelman (2008) di d& xuat phuong phap thdng ké Bayes véi thong tin tién
nghiém c6 phan phdi Cauchy véi tham sé cho truéc. Tuy nhién vai thdng tin
tién nghiém c6 do trai gia tri rat rong nay, thi sai sé trong uée lugng tham sé co
cai thién nhung khong duoc cai thién nhiéu. Do d6, viéc xac dinh thdng tin cho
phan phdi tién nghiém trong phuong phap théng ké Bayes la yéu té quan trong
dé giap cai thién sai sb trong wéc lugng tham sé ciaa md hinh hdi quy logistic®
10, 11,14, 15 'Hijgn nay, chua c6 phuong phap Bayes hiéu qua hon dé udc luong
tham s6 cho mé hinh trong truong hop sb liéu c6 dang nay va khi khéng co
théng tin tién nghiém vé tham sd.

Trong bai bao nay, mét cach tiép can mai cua phuong phap thong ké Bayes
dugc dé xuét dé cai thién sai sé trong wéc luong tham sé caa mé hinh hoi quy
logistic trong trudng hop khi cé nhiéu quan sat co xuat hién xac suit thanh
cdng c6 gia tri gan 0 hodc 1. Phuwong phap nay duoc thyc hién qua hai giai
doan. Giai doan dau, thdng tin cho phan phéi tién nghiém duoc rit ra dua vao
s6 liéu quan sat théng qua thuat toan loai bo va chap nhan'® 1617 Giai doan thu
hai chiing toi tién hanh dung thdng tin phan phéi tién nghiém c6 dugc dé xac
dinh phan phéi hau nghiém va chay chudi Markov dé tim u6c luong cho tham
$6.

Dé c6 dugc thong tin tién nghiém cho tham s tir s6 liéu quan sat, chung ti bat
dau bang viéc dé xuat ngau nhién gia tri cho tham s6. Tir tham s6 duoc dé suat,
s6 liéu tir md hinh hoi quy logistic dugc md phong, sau d6, dem so sanh mirc
d6 twong ddng gitra s6 liéu md phong va sé liéu quan sat dé quyét dinh co chon
hay khong gia tri cua tham sé dugc dé xuat. V6i céc gi tri tham s6 nhan dwogc
s& hinh thanh phan phéi tién nghiém cho tham sé. Tiép theo, phan phéi hau
nghiém cho md hinh hdi quy logistic s& dugc thanh lap tir ham hop Iy va phan
phdi tién nghiém. Chlng t6i str dung thuat toan Metropolist-Hastings (MH) dé
tao ra chudi Markov ding va hoi tu dé udc lugng cho tham sé ciia mé hinh.

Két qua md phong cho thay, khi trong sé liéu khdng xuat hién nhiéu xac suat
du doan cua bién phu thudc gan 0 hoic 1, ca ba phuong phap cuc dai ham hop
ly, phuong phap Bayes khi khong cé thong tin tién nghiém va phuong phap
Bayes duoc dé xuat ¢ két qua udc lugng chinh xac va twong duong nhau. Tuy
nhién, khi trong sb liéu xuat hién nhiéu xac suat du doan cua bién phu thudc
gan 0 hoic 1, phuong phap Bayes dugc dé xuat cd két qua cai thién hon rat
nhiéu so véi phuong phép cuc dai ham hop ly va phuong phap Bayes khi
khéng c6 thong tin tién nghiém. Phuong phap dugce dé xuat nay ciing thé hién
két qua udc luong tham sé tdt hon khi duogc &p dung cho sb liéu thuc té cua
Racine et al. (1986)*¢.

Bai bao dugc trinh bay bao gém céac noi dung sau: Phan 2 la két qua ly thuyét.
O phan nay mé hinh hdi quy logistic, phwong phap théng ké Bayes cai tién dé
wéc luong tham sé cho md hinh duoc trinh bay. Nghién ciau md phong duoc
trinh bay & phan 3. O phan nay, nghién ctu mé phong duoc tién hanh dé kiém
tra do chinh xac cho udc lugng tham s tir ba phwong phap, phuong phap cuc
dai ham hop ly, phuong phap Bayes khi khong c6 thong tin tién nghiém va
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phuong phap Bayes duoc dé xuat. Bén canh dé, ca ba phuong phap duoc &p
dung cho sé liéu Racine et al. (1986)' dé thiy duoc wu diém cai thién sai sé
wéc lugng cia phuong phap Bayes duge dé xuit. Phan 5 13 phan két luan cua
bai bao.

PHUONG PHAP

Mé hinh héi quy logistic

Trong nghién cau ndy, mé hinh hdi quy logistic véi ham lién két logit duoc sir
dung dé mé ta mdi quan hé giira bién doc 1ap va bién phu thuoch * °. Gia sir sb
licu gdm n quan sat, mé hinh hoi quy logistic tong quéat bao gom cac bién
ngau nhién doc 1ap va phu thude nhu sau: bién doc lap x 1a mot vector ¢c6 P

chiéu
1ox, X,
Tl X, X,
X=X X, X, ] = .
1 x, Xop

O day, cot dau tién cia ma tran X 1a hé s6 hang, thuong dwoc gén gia tri bang
1. Bién phu thuoc y =(Yy,,... y,)" tudn theo phan phdi Bernoulli véi gia tri
nhan dugc 12 0 hodc 1. Xéc suat dé bién ngau nhién Y; nhan gia tri bang 1 véi

didukien x, =[1 x, x x| duogcdatla p,. Khido, ta co:

i 2i
”(Xi) = pi = Pr(yi :1| Xi)'
M6 hinh hdi quy logistic voi ham lién két logit d& md ta méi lién hé giira bién
doc lap va bién phu thudc cé dang sau:

In[L]:xiTﬂ,izl,Z...,n. (2.1)
1-p

Trong d6, vector g=(f,...4,)" la tham s6 hdi quy trong md hinh hdi quy
logistic. Khi do,

exp(x' f)
)=p =——1——. 2.2
7)=p L+exp(x B) 22)
Ham hop li cho mé hinh hdi quy logistic ¢c6 dang sau:
1B = p(y | B) = T1[z(x)]" [L-2(x)]
o exp(x B) ! 1 o 23)
il 14 exp(xfﬂ) 1+ exp(xiTﬁ') '
Lay logarit co s e cho hai phia ctia phuong trinh (2.3), ta duoc:
Inl(B) = _Zniyiln [7(x)]+ _Zni(l— y, ) In[1-7(x,)]. (2.4)
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Tai cac gia tri X, ma & d6 xac suat z(x,) gan vé 0 hodc 1 dwoc thém vao ham
hop 1y cuc dai s& lam cho gia tri caa ham nay tién dan vé 0 hoic gia tri ham
Inl(B) s& tién vé &m vd cing. Do do6, néu ding phuong phap wéc luong cuc
dai cho ham Inl() thi cac tham s6 u6c luong tim dwgc c6 thé xuét hién sai s6
dang ké. Su sai sb trong cac ude luong nay trong nhiéu truong hop thuong
khong cé su canh bao nao theo cach tiép can caa phuong phap théng ké cb
dién, dic biét khi trong sé liéu quan sat su tach biét s6 liéu chwa xay ra rd rang.

Phuong phap so sanh loai bé dé 1dy théng tin phan phaéi tién nghiém

Phuong phép so sanh dugc dé xuat trong phan nay dé trich thong tin tién
nghiém cho tham s tir s6 lidu quan sat va khong sir dung théng tin tir ham hop
ly*3 16:17 Chaing t6i bat dau bang viéc dé xuat ngau nhién gia tri cho tham sé tur
mot phan phéi tong quét. Tir tham sb duoc dé xuat va mé hinh hoi quy logistic
trinh bay tai (2.1), s6 liéu cho md hinh hdi quy dugc md phong. Sau d6, mic
d6 trung khop gitta s6 liéu md phong va sé liéu quan sat duoc so sanh dé quyét
dinh c6 chon hay khdng gia tri cua tham s6 dugc dé xuat.

Cac gia tri ciia tham s B duoc dé xuat ngau nhién tir ham téng quat g(.) bao
phu khéng gian tham sb va sb liéu y dugc mé phong tir Phuong trinh (2.1).
Khi d6, phan phdi lién hop giita tham s6 g va s6 liéu md phong duoc xac dinh

nhu sau:

9(B.y)=9(B)p(y |5, (2.5)
khi d6, p(y” | B) 1a ham hop Iy véi sé liéu md phong y .
Tiép theo, phan phdi hau nghiém két hop giita tham s g va s6 liéu md phong

y~ c6 diéu kién trén sé liéu quan sat y dugc xac dinh nhu sau:

z(BY 1Y) 1 Loy, )Iply | B)=(B). (2.6)

O day, I [p(y",y)] 1a ham chi thi do mirc d6 gan giira s6 liéu md phong y~ va
s6 liéu quan sat y véi ngudng gia tri . Ham z(B) la phan phéi tién nghiém
cho tham sé 8.

Pé dam bao cac tham sé dé& xuat ngau nhién tuan theo phan phéi trong phuong
trinh (2.6), ta xac dinh gia tri trong s6 nhu sau:

o - Ig[p(y*,y)]p({ | A)=(B) 2.7)
a(B)ply |18)

Néu ta chon phan phéi g(B8) trong cong thiic (2.7) tring voi phan phéi tién

nghiém 7(B), khi d6, gi tri trong s @, khong phu thudc vao ham hop ly va
c6 cong thuec:
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= LelP VP | B)7(B)
| 7(B)P(Y" | B) 2.8)

=1[py )l

Trong s6 @ s& nhan 2 gia tri 1a 0 va 1. Trong s6 @ nhan gia tri 0 khi gia tri
tham s6 B khong duoc chap nhan va @ nhan gia tri 1 khi gia tri tham s6 g
duoc chap nhan.

S6 liéu cua bién phu thudc trong md hinh héi quy logistic nhan gia tri 0 hoic 1,
do d6 viéc sir dung khoang cach dya trén trung binh va phwong sai dé so sanh
gitta s6 liéu md phong Yy~ va s liéu quan sat y 1a khdng hiéu qua. Bén canh
d6, khi trong s liéu c6 nhidu quan sat ma xéc suét du doan cua bién phu thuoc
c6 gia tri gan vé 0 hoac 1, gié tri cua ham log-likelihood bi anh huéng va tién
vé &m v cuc. Vi vay, trong truong hop nay khoang céach log-likelihood ciing
s& khong phu hgp. Do dé, trong nghién cau nay, chung tdi do luong mirc d6
tuong dong giira s lieu md phong va sb liéu quan sat bang sé phan trim tring
l4p gitra s6 liéu md phong y~ va sé liéu quan sat y bang ham 1 [p(y’,y)] duoc
x4c dinh nhu bén dudi.

Véi gié tri dé xuat ngau nhién tham s B, ta tinh duoc xé4c suat thanh cong tai
ting gié tri quan sét theo cong thuc (2.2) va sb liéu nhi thiee Yy~ dugc mo phong
tu Phuong trinh (2.1). Ti 1€ trung khop gitta dit liéu md phong va dir liéu quan
sat duoc tinh nhu sau:

21i=Y5)
P(y*yY)=':1f-

Ham chi thi |_[o(y",y)] v6i ngudng gia tri ¢ duge xac dinh nhu sau:

Loy y)>e

LGy y)]= ) :
g {0, ply y)<e

Ta thiy duoc, khi & —1 thi sé liéu md phong Y~ va sb liéu quan sat y gan nhu
tring nhau. Theo cong thiic (2.6) va (2.8), phan phdi cia cac tham sb dé xuat
dugc chap nhan sap xi theo phan phdi hau nghiém cua tham sé thuc trong mod
hinh.

Pé xac dinh ngudng loai bo, tién trinh so sénh va loai bo cac gia tri caa tham
s6 B duogc tién hanh theo cac budc trong Thuat toan 1. Phuong phap dé xéac
dinh ngudng loai bo 1a khi ti 1¢ gia tri chip nhan cua cac tham sb dé xuat la
a% thi thuat todn dung lai. Qua trinh nay duoc thuc hién nhu sau, mét ddy
ngudng gié tri duoc cho tir 0% dén 100% tai Budc 1. Vi ngudng gia tri thi i,
tir tham s6 duge d& xuét, ti 1¢ trung khép gitta s6 liéu md phong va sé liéu quan
sat duoc st dung dé quyét dinh viéc chap nhan tham sé thong qua ham chi thi,
duoc tinh toan tir Budc 3 dén Budc 5. Tiép theo, ti 16 cac tham sb duoc chap
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nhan trong N vong lap dugc tinh toan & Budc 7. Néu ti 1& chap nhan caa tham
s6 nho hon hoidc bang % thi ngudng gia tri ndy s& dugc chon lam ngudng
loai bo va thuat todn dung lai. Trong bai bao nay, chung téi chon mac 5% cua
100.000 vong lap dé xac dinh ngudng loai bo.
Thuat toan 1:
1: Cho m¢t day cac ngudng giatri O< ¢ <¢, <...<¢g, <1,

Cho sé lan thyuc hién phép lap N,

Cho gi4 tri ngudng chap nhan a%.
2: Cho i=1 dénm

Cho j=1dénN

3: P& xuat ngau nhién tham s6 B; tir ham tong quat.

4: M6 phong sé lieu cho md hinh hdi quy logistic tir tham s 8; .

5: Tinh ti 1¢ trung khép gita dit liéu mo phong y* va dix liéu quan sat y .
6: Tinh ham chi thi I, [p(y",y)] .

7: Tinh ti I& chap nhan cac gia tri tham s r, sau khi chay N vong lap

8:Néu r, <a%:

9: Durng vong lap cho j.

Dung vong lap cho i.
Céc tham s6 g duoc chap nhan dam bao mirc do tring véi s6 liéu quan sat va
c6 phan phéi sap si véi phan phdi hau nghiém cua tham sé thuc ¢ trong md
hinh. Do d6, phan phdi tién nghiém dugc xay dung c6 phan phdi chuan nhiéu
chiéu véi gia tri trung binh va do léch chuan duogc tinh dua trén cac gia tri tham
s6 nhan dugc. Phan phdi tién nghiém nay phan anh thong tin ban dau vé tham
s6 truéc khi két hop véi dit liéu trong bude suy luan Bayes. Ngoai ra, viéc xay
dung phan phdi tién nghiém dya trén dir liéu quan sat giup ting tinh khach
quan va pht hop cua md hinh so véi viéc sir dung phan phéi tién nghiém khéng
c6 théng tin.

Gelman (2008)** va Hoa va Huong (2021)* di ching minh rang khi st dung
phan bé tién nghiém c6 dang tiéu chuan (tich phan cua ham mat do trén toan
mién gia tri ciia tham sé phai bang 1), thi trung binh hau nghiém cua tham sb
ton tai trong truong hop sé liéu quan séat c6 xay ra su tach biét va hon nira, két
qua nay cling dung khi trong sb liéu quan sat c6 xac suat cua mé hinh gan 0
hoic 1. Do d6, véi cach chon phan phdi tién nghiém tuan theo phan phdi chuan
c6 thong tin nhu trén s& dam bao sy hoi tu ciia phan phéi hau nghiém.
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Phuong phap théng ké Bayes dé udc lugng tham sé cho mé hinh héi quy logistic

Dé ap dung phuong phap Bayes, phan phéi hau nghiém cho mé hinh héi quy
logistic dugc thanh lap nhu sau:

p(y|B) p*(ﬂ). (2.9)

p(BlYy)= oY)

O day, p(y|p) 1a ham hop ly theo cong thuc (2.3) va p (#) la phan phdi tién
nghiém c6 duoc sau khi tién hanh chay Thuat toan 1. Do d6, phan phéi hau
nghiém cé dang sau:

p(y|8)p (B)
p(y)

[2(x)]" [1-7(x)] " P (B) (2.10)

pP(BlYy)=

n
oC
i=1

n exp(xiTﬂ) " 1 o .
OCHLJrexp(xiTﬂJ thexp(xfﬂﬂ P (A

Do ham phan phdi hau nghiém khéng c6 dang tiéu chuan, thuat toan
Metropolis Hastings (MH) duoc sir dung dé tao ra mot chudi Markov dirng va
hoi tu vé phan phdi hau nghiém. Dé thuc hién thuat toan nay ti sb chap nhan
ciia tham s6 B duoc tinh nhu sau:

p(B Iy)a(B*V18)
- _ (2.11)
") p(B“" Iy)a(8 187)

O day, " la gia tri tai vong lap t-1 caa tham s6 g va B la gia tri dé suat
caatham s . p(B"|y) la ham phan phdi hau nghiém theo cong thirc (2.10),
a(B 1 8“™) la ham mat do xac suat cho tham sé £*. Chung t0i sir dung budc
nhay ngau nhién MH tir phan phdi chuan nhiéu chiéu véi trung binh dit tai gia
tri Y. Tham s diéu chinh d6 rong cua budc nhay duoc lya chon nham
dat duoc ty & chap nhan mong mudn, thudng nam trong khoang tir 20%
dén 50%. Do do, ta co q(ﬂ* |,B“’”): q(ﬂ“’” |,6'*). Ti s6 chap nhan caa tham

s6 B cua tham khi d6 c6 cong thuc:

] exp (XT ﬁ* ) Yi 1 1-Y; .. %
Ewap(XTﬂ*J L*e"p(xflf*)] "

n | exp (xIT ﬁ(tfl)) i 1 1y, o
E {14_ exp (XiTﬂ(t—l) ) 1+exp (XiTﬂ(t—l) ) P ()

(2.12)

r(B8)=
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Thuat toan dé tao ra mot chudi Markov hoi tu vé ham phan phéi hau nghiém
(2.10) duoc trinh bay trong Thuat toan 2.

Thuat toan 2: Thuat toan Metropolist-Hasting
1: Cho gi4 tri hién tai caa tham sb 1a g*?
2: Bé suét gia tri mgi cho tham s B
3: Tinh ti 1& chdp nhan, r(B), theo cong thuc (2.12)
4: M6 phong u ~Uniform(0,1)
i. Néu r(8)>u thitadit g¥ =4,
ii.  Néunguoc lai thi ta dat g© = g™

NGHIEN CUU MO PHONG
Trong nghién cau nay, ching téi mé phong mau ngau nhién tuan theo mo hinh
hoi quy logistic vai 2 bién ngau nhién doc 1ap. Ham lién két logit dé mé ta mdi
lién hé giira bién doc 1ap va bién phu thuoc cho mé hinh héi quy logistic duoc
xac dinh theo (2.1) nhu sau:

In(ﬁ):ﬂo+ﬂ1x1+ﬁzxz' (31)

DBé md phong mau ngau nhién khdng cé nhiéu quan sat vai gid tri Xac suat cia
bién phu thudc xuat hién gan 0 hoic 1 (Trudng hop 1), ching toi chon bién doc
lap x, ~ N(0,1) va x, ~ N(0,1). Theo cong thic tinh gi tri xac suat cta bién
phu thudc & cong thuc (2.2), khi tich gitra gia tri tham sé va gia tri cua bién doc
lap c6 gia tri cuc bé hodc cuc Ion s& tac dong dén gia tri caa xac suat mo
hinh?’. Do d6, dé tao ra mau ngau nhién c6 nhiéu quan sét vai gia tri xac suat
cua bién phu thudc xuat hién gan 0 hozc 1 (Truong hop 2), chling toi chon bién
doc 1ap x, ~ N(0,3) va x, ~ N(0,1). V&i mdi mau ngau nhién, ching t6i md
phong sb liéu véi c& mau 1a 100 quan sét.

Chung tdi chay md hinh Iap lai 100 lan cho cac gia tri khac nhau cua tham s6
trong Truong hop 1 va Truong hop 2. Trong Truong hop 1, khi tham sb
B =(-111), bién doc lap x ~N(0,1) va x, ~ N(0,1), trung binh gia tri nho
nhat 13 1.10. Trong Truong hop 2, khi tham s6 g =(-1,11), bién doc lap
x, ~ N(0,3) va x, ~ N(0,1), trung binh gia tri nho nhat la 3.10°. Khi tham
s6 B=(-211), B=(1,-21) va B=(2,-21), bién doc lap x ~N(0,3) va
x, ~ N(0,1), trung binh gia tri nho nhat vao khoang 8.10°. Phuong phép
Bayes duoc dé suat duoc ap dung dé 1am giam sai sé udc lugng cho céc
truong hop 2, dic biét cho cac sé lidu xuat hién canh bao xac suat mo
hinh nho (nho hon 1.107°) trong tinh toan cua ham gim.
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Tilé sé liéu c6 xac suat gan 0 va 1 véi cac gia tri khac nhau ctia tham sé

Véi sb lieu md phong khdng xut hién nhiéu gia tri xac suat cua bién phu thudc
gan 0 hoic 1, tham sé g =(-111), bién doc lap x, ~ N(0,1) va x, ~ N(0,1)
duoc dua vao moé hinh 3.1. Ti 1& céc gié tri xac suat nam trong khoang nhé hon
0.05, khoang dong tir 0.05 dén 0.95 va khoang gia tri xac suat I6n hon 0.95
dugc trinh bay trong Bang 1.

Bang 1. Ti Ié c4c gié tri x4c suat cho s liéu md phong trong Truong hop 1

B=(-111) p. <005 | 005<p <095 | p >0.95 Téng

Tilg 8.35% 91.39% 0.26% 100%

T Bang 1, ching ta thay c6 91.39% quan sat ¢6 gia tri xac suat thanh cong 16n
hon bang 0.05 va nho hon bang 0.95. Trong khi d6, trong mau mé phong chi
c6 8.35% xac suat thanh cong nho hon 0.05 va 0.26% quan sat c6 xac sut
thanh céng 16n hon 0.95.

Véi sb lieu md phong xuét hién nhiéu gia tri xac suat cua bién phu thudc gan 0
hoic 1, cac gia tri tham s6 B khac nhau, bién doc lap x ~N(0,3) va
X, ~ N(0,1) dugc dua vao mé hinh 3.1. Ti I¢ cac gia tri xac suat nam trong
khoang nho hon 0.05, khoang dong tir 0.05 dén 0.95 va khoang gié trj xac suat
I6n hon 0.95 duoc trinh bay trong Bang 2.

Bang 2. Ti lé cé4c gia tri x4c suat cho so liéu md phong trong Truong hop 2

Tham sb p, <0.05 0.05< p, <0.95 p, >0.95 Tong
B =(-111) 26.49% 63.07% 10.44% 100%
B=(-211) 38.73% 55.19% 6.08% 100%
B=(-121) 37.67% 37.14% 25.19% 100%
B=(-221) 43.55% 35.15% 21.3% 100%

Trong Bang 2, véi cac gia tri tham sé khac nhau, ti 1& quan sat trong tirng
khoang gi4 tri cua x4c suat thanh cong ciing khac nhau. Vi gia tri tham sb
B =(-111), c6 63.07% quan st c6 gia tri xac suat tir 0.05 dén 0.95 va c6
36.93 % cac quan sat cO gia tri xac suat nho hon 0.05 va 16n hon 0.95. Khi
B =(-2,1,1), ti 1& quan sat co gia tri xac suat tir 0.05 ¢én 0.95 chi con 55.19%.

Khi g=(-121) va g =(-2,2,1), cac quan st co gid tri xac suat nhé hon 0.05

va I6n hon 0.95 chiém hon 60% trong sé mau md phong.

3753



VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(3): 3745-3766

Két qua uéc lugng tham sé

Trong nghién cau nay chdng toi so sanh két qua udc lugng tham s cua ba
phuong phép khac nhau cho mé hinh hoi quy logistic. Cac phuong phap d6 1a
phuong phap cuc dai ham hop ly, phuong phap Bayes khi khdng cé thong tin
tién nghiém, va phuong phap Bayes duoc dé xuit trong bai bao dé uéc luong
tham sé cho mé hinh héi quy logistic. Vi phuong phap cuc dai ham hop 1y,
ham glm trong phan mém R dugc 4p dung. Khi khong cd thdng tin tién
nghiém, phuong phép Bayes dung phan phdi Cauchy véi tham sb 2.5 lam
thong tin tién nghiém va ham bayesglm trong phan mém R duoc ap dung. Vi
cach tiép can bang théng ké Bayes duoc dé xuit, mdi chudi Markov bao gom
100,000 vong lip véi 10,000 vong dau tién dugc loai bo dé dam bao su hoi tu
cua chudi Markov vé ham hau nghiém. Trong cach tiép can nay, cac ki thuat
tinh toan duoc doi hoi cho viéc tim théng tin cho tham sé ¢ Thuat toan 1, tuy
nhién, & Thuat todn 2, viéc chay chudi Markov ¢6 k¥ thuat tinh toan twong
duong véi cach tiép can Bayes dung phan phéi Cauchy.

Két qua wéc lwong cho tham sé trong trudng hop khdng cé nhiéu quan sat co
gia tri xac suat thanh cong cua bién phy thudc gan 0 hodc 1 gom trung binh udc
luong, do léch chuan (SD), khoang wéc luong tin cay 95% cho phuong phap
MLE (95% Sig. level) va khoang udc lugng tin cdy 95% cho phuong phap
Bayes (95% Crl) duoc trinh bay trong Bang 3.

Bing 3. Udc luong tham s6 md hinh trong Truong hop 1

Phuong phap MLE Phuong phap Bayes véi phan phdi
Cauchy
B | Trung | SD 95% Sig. | Trung SD 95% Crl
binh level binh
-1 | -1.0293 | 0.302 | [-1.632;- | -0.9852 0.273 [-1.521;-
0.504] 0.452]
1 | 1.0963 |0-359 |[0.529;1.767] | 1.0942 0.291 [0.439;1.568]
1 | 1.1442 | 0.245|10.542;1.799] | 1.1198 0.286 [0.449;1.465]

Phuong phap Bayes duoc dé xuat

B | Trung binh SD 95% Crl

-1 -1.0274 0.247 [-1.375;-
0.679]

1 1.0971 0.215 | [0.558;1.435]

1 1.1174 0.237 | 10.569;1.465]
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Trong Bang 3, vai gid tri tham sé that cua tham s g =(-1,1,1), cAc gia tri udc
luong tham s6 tir ca ba phuong phap déu rat chinh xac va khéng c6 nhiéu khac
biét. Hon nita, gia tri do léch chuan cua ca ba phuong phap déu nho hon 0.5,
diéu nay thé hién khi trong sé liéu khdng c6 qué nhiéu quan sat c6 gié tri xac
suat gan 0 hoic 1, ca ba phuong phap nay déu c6 thé ap dung hiéu qua dé wdc
luong tham sb cho md hinh. Cu thé, gia tri wéc luong tir phuong phap cuc dai
ham hop Iy 1a " =(-1.0293;1.0963;1.1442), V4i phuong phap Bayes dung phan
phdi Cauchy 1am phan phdi tién nghiém va phuong phap Bayes duoc dé xuat
lan lugt c6 cac gia tri udc luong l1a g =(-0.9852;1.0042;1.1198) va
B =(-1.0274;1.0971;1.1174).

Trong trudng hop 2, khi mau md phong xuat hién nhiéu gia tri xac suat thanh
cong gan 0 va 1, ca ba phuong phap trén tiép tuc duoc &p dung dé udc luong
tham s6 caa md hinh. Két qua udc luong dugc trinh bay trong Bang 4 va Bang

5,
Bang 4. Udc lugng tham s6 mé hinh cho Trudng hop 2 khi g =(-1,1,1)
Phuong phap MLE Phuong phap Bayes véi phan phdi
Cauchy
Trung | SD 95% Sig. Trung SD 95% Crl
£ | binh level binh
-1 - 10371} [-1.861;- | -0.9682 0.343 [-1.641;-
1.0567 0.384] 0.297]
1 | 1.1032 | 0-237 | [0.705;1.649] | 0.9032 0.201 [0.598;1.388]
1 | 1.1657 | 0-391 | [0.363;1.921] | 0.9046 0.340 [0.243;1.575]
Phuong phap Bayes dugc dé xuat
B | Trung binh SD 95% Crl
il -1.0479 0.220 [-1.480;-
0.615]
1 1.0835 0.204 | [0.885;1.281]
1 1.0393 0.304 | [0.338;1.439]

V6i gid tri tham sé that ciia tham sé 8 =(-1,11) dugc dua vao md hinh, theo
két qua tir Bang 2, ta c6 36.93 % c4c quan Sét c6 gia tri xac suat nho hon 0.05
va 16n hon 0.95. Trong trudng hop nady, theo két qua tir Bang 4, cac gia tri udc
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luong tir phuong phap MLE 1a g =(~1.0567;1.1032;1.1657) c0 sai s6 I6n hon
S0 vai hai phuong phap Bayes con lai. Trong d6, udc luong tir phuong phap
Bayes khong c6 thong tin tién nghiém la " =(-0.9682;0.9032;0.9046) Vva tir
phuong phap Bayes duwgc dé xuit c6 thdng tin tién nghiém la
B =(-1.0479;1.0835;1.0393). Ta thay dugc két qua ude lugng tham c6 sai so
nho tir hai phwong phép Bayes sir dung phan phdi tién nghiém khong cé théng
tin va phuong phap Bayes dugc dé xuat c6 thong tin tién nghiém. Tuy nhién,
d6 léch tiéu chuan tir phuong phap Bayes duoc dé xuit c6 gid tri nho hon. Diéu
nay thé hién, véi thong tin tién nghiém c6 duoc tir sé liéu quan sat, phuong
phap Bayes dugc dé xuat tao ra chudi Markov c6 d6 chinh x4c cao hon.

Day Markov cho betal Biéu 4é tin =6
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Hinh 1. Day Markov va biéu db tan sé cho uéc lugng tham sé tir phwong phap
Bayes cai tién voi gia tri tham s6 g = (-1,1,1)

Chudi Markov véi 5,000 budc nhay cudi va biéu do tan sé dugc trinh bay trong
Hinh 1 ([Ngudn: nhém tac gia]). Tir hinh vé ta thdy duoc ddy Markov c6 gia tri
rat 6n dinh va bao quanh gi tri u6c luong. Diéu nay thé hién, chudi Markov 1a
day dirng va hoi tu vé ham hau nghiém. Trong biéu do tan sd, ta thiy duoc cac
gia tri d6i xiing véi nhau qua gi4 tri trung binh. Hon nira, d6 phan tan di liéu
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quanh gia tri trung binh cia phuong phap nay nho. Diéu nay thé hién do chinh
xac, 6n dinh va hoi tu cia chudi Markov.

Ching t6i dung phuong phap Gelman-Rubin va Geweke dé chan doan cho su
hoi tu cua chudi Markov cho cac tham sé trong mé hinh?% 22 Két qua chan
doan cho mé hinh hdi quy logistic Truong hop 2, khi g =(-111), dugc thé

hién trong phu luc A.1 va A.2. Bi véi cac tham sb, cac phép chian doan
MCMC déu cho thay qua trinh hoi tu din ra nhanh chong. Két qua kiém dinh
Gelman—Rubin cho thiy wdc luong diém cua hé sé giam quy mé tiém ning
(PSRF) d6i voi tat ca cac tham sé déu nho hon 1.15, thé hién chudi da hoi tu vé
phan phdi hau nghiém muc tiéu. Bén canh d6, chin doan Geweke ciing cung cb
két luan nay, khi tat ca cac gia tri Z-score chudn hoa déu cé gia tri tuyét doi
nho hon 2.

Bang 5. Uéc lugng tham s6 mo hinh cho Trudng hop 2 khi g =(-2,2,1)

Phuong phap MLE Phuong phap Bayes véi phan phoi
Cauchy
B Trung SD 95% Sig. Trung SD 95% Crl
binh level binh
-2 | -2.3911 | 0.778 [-4.302;- -1.9674 0.589 [-3.121;-
1.142] 0.816]
2 | 2.3937 | 0.654 | [1.400;4.058] | 1.9410 0.451 [1.079;2.845]
1 | 1.2658 | 0.591 | [0.253;2.647] | 0.9253 0.439 [0.064;1.787]

Phuong phap Bayes dugc dé xuat

B Trung binh SD 95% Crl

-2 -1.9634 0.323 [-2.597;-
1.331]

2 1.9363 0.309 |[1.481;2.612]

1 0.9901 | 0361 |[0.278;1.503]

Vi gid tri tham sb that caa tham s6 g =(-2,2,1) dwoc dua vao mé hinh, theo
két qua tir Bang 2, c6 64.85 % cé4c quan sat cO gi tri Xac suat nho hon 0.05 va
I6n hon 0.95. Trong trudng hop nay, theo két qua tir Bang 5, cac gié tri woc
lugng tir phuong phap MLE, g =(-2.3911;2.3937;1.2658), €0 sai s6 lon rd rét
va 16n hon nhiéu so véi hai phuong phap Bayes con lai. Trong d6, uéc luong
tr phuong phap Bayes khong c¢6 thong tin tién nghiém [a
B =(-1.9674;1.9410;0.9253) va tir phwong phap Bayes duoc dé xuat la
B =(-1.9634;1.9363;0.9901).
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Ta thiy duoc két qua udc luong tir phuwong phap Bayes sir dung phan phéi tién
nghiém khong c6 thdng tin c6 sai sb 16n hon két qua udc luong tir phuong
phap Bayes duoc dé xuat. Hon nira, @6 léch tiéu chuan tir phuong phap Bayes
dugc d& xuit cd gia tri nho nhit trong ca ba phuong phap wéc lwong. Didu nay
cho thay, khi s liéu co khuynh huéng xuét hién nhiéu xéac xuat thanh cong tién
gan 0 hoic 1 thi phuong phap Bayes duoc dé xuat thé hién rat hiéu qua trong
viéc cai tién do chinh xé&c uéc luong tham sé.

Day Markov cho beta 1 Biéu dé tin s6
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Hinh 2. D4y Markov va biéu d6 tan s6 cho udc lugng tham s tir phuong phép
Bayes cai tién véi gia tri tham sé

Tuong tu nhu trén, chudi Markov véi 5,000 buéc nhay cudi va biéu do tan sé
tir phuong phap Bayes cai tién véi gid tri tham s6 g =(-2,2,1) duoc trinh bay
trong Hinh 2 ([Nguén: nhom tac gia]). Tt hinh vé ta thiy dugc ddy Markov co
cac gia tri rat 6n dinh va bao quanh gia tri udc lugng trong trudng hop nay.
Hon nita, trong biéu do tan s, ta thay duoc cac gi tri ddi xing véi nhau qua
gid tri trung binh va d6 phan tan dit liéu cho gié tri chap nhan cia phuong phap
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nay nho. Diéu nay thé hién mot lan nira cho thiy chudi Markov 1a day dung va
hoi tu vé ham hau nghiém.

Phuong phap Gelman-Rubin va Geweke ciing duoc sir dung dé chan doan cho
su hoi tu ciia chudi Markov cho céc tham sé trong mé hinh. Két qua chan doan
cho md hinh hdi quy logistic Truong hop 2, khi g =(-2,2,1), dugc thé hi¢n

trong phu luc B.1 va B.2. Két qua kiém dinh Gelman—Rubin cho thay udc
luong diém cua hé sé giam quy mé tiém ning (PSRF) ddi vai tat ca cac tham
s6 déu nho hon 1.2. Bén canh d6, trong chan doan Geweke, khi tat ca cac gia
tri Z-score chuan hoa déu c6 gia tri tuyét di nho hon 2 thé hién chudi da hoi tu
vé phan phéi hau nghiém muc tiéu.

SO LIEU THUC TE

S liéu xét nghiém tinh doc tinh caa mot loai hoa chat dwgc ap dung trén chuot
la két qua nghién ctu cua Racine (1986)'° duoc trinh bay ¢ Bang 6. Trong
nghién cau nay, c6 35 con chudt dugc tiém maot loai thude voi cac lidu luong
khac nhau va sau mot thoi gian thi sé lugng con chudt chét va sb lugng con
chuét con sdng s& dugc thdng ké lai. Mé hinh héi quy logistic dugc ap dung
vao sb liéu nay véi bién doc l1ap 1a luong thude dugc tiém vao chudt va bién
phu thudc 1a bién nhi phan véi hai gié tri thé hién con chudt con sdng hay chét
sau thi nghiém. Phuong trinh hdi quy logistic s& c6 dang

In(——) = 8, + B,x.
1-p

Bang 6. S6 liéu nghién ctu cia Racine (1986)

Liéu lugng (X) S6 luong thi nghiém S6 luong chét (y)
(log mg/ml)
1.699 5 1
2.301 10 4
2477 5 2
2.602 10 6
3.301 5 4

Ba phuong phép uéc lugng cho mé hinh dwoc 4p dung bao gom phwong phap
cuc dai ham hop ly, phuong phap Bayes vaéi thong tin tién nghiém c6 phéan
phdi Cauchy va phuong phap Bayes c6 thong tin tién nghiém thu dugc tir s6
liéu quan sat. Két qua ude luong dugc trinh bay trong Bang 7.

3759



VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(3): 3745-3766

Bang 7. Két qua udc lwong tham s tir phwong phap MLE, phuong phap Bayes
vé6i phan phéi tién nghiém Cauchy va phuong phap Bayes duoc dé xuit

Tham s6 MLE
Trung binh SD z-value p-value
B -4.5420 2.3811 -1.9075 0.0565
B, 1.8159 0.9541 1.9032 0.0570
Tham s6 Bayes c6 phan phéi tién nghiém la Cauchy
Trung binh SD z-value p-value
B -3.9299 2.1117 -1.8610 0.0628
B, 1.5677 0.8433 1.8590 0.0631
Tham s Bayes c6 phan phéi tién nghiém thu duoc tir s6 liéu quan séat
Trung binh SD z-value p-value
B -4.4698 1.9653 -2.2743 0.0229
B, 1.7409 0.7796 2.2330 0.0255

Tur Bang 7, ta thay uéc lugng tham so (43, f,) =(—4.5420;1.8159) tir phuong
phap MLE, (,Bl,ﬁz)z(—3.9299;1.5677) tir phuong phap Bayes voi phan phéi
tién nghiém Cauchy va (ﬁ'l,,BZ)=(—4.4698;1.7409) tr phuong phap Bayes

dugc d& xuat. Do léch chuan (SD) cho cac ude luong tir phuong phap Bayes co
thong tin tién nghiém nho hon so véi phuong phap MLE va phuong phap
Bayes khong c6 thdng tin tién nghiém. Diéu ndy cho thiy, thdng tin tién
nghiém ciia tham s6 c6 duoc tir s6 liéu quan sat gilp cac udc tham sé duoc tap
trung hon va chinh xac hon.

Véi gia tri kiém dinh z-value trong Bang 7, p-value dugc tinh bang cong thiic
P(1Z|>|z-value]), véi Z ~ N(0,1). Két qua cho thdy, hai phuong phap MLE va
phuong phap Bayes véi phan phdi tién nghiém Cauchy c6 gia tri p-value cho
ting tham sb trong mé hinh déu 16n hon 0.05, nén chua du bang chung dé két
luan cac tham sé c6 ¥ nghia théng ké & mic ¥ nghia 5%. Trong khi do6, véi
phuong phap Bayes sir dung phan phdi tién nghiém dé xuat, cac gia tri p-value
déu nho hon 0.05, cho thay cac tham sb co ¥ nghia thong ké. Diéu nay thé hién
bién lidu luong thudc cd anh huong dang ké dén ty 1& chét cua chudt trong mo
hinh hdi quy logistic tir phuong phap duge dé xuat. Hon nita, hinh v& cia day
Markov cho cac gia tri udc lugng ciing rat 6n dinh va bao quanh gié tri wdc
lwong trung binh & Hinh 3 ([Ngudn: nhom tac gia]).
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Day Markov cho beta 1 Biéu dd tan sd
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Hinh 3. Day Markov va biéu d6 tan s6 cho uéc lwong tham sé tir phuong phéap
Bayes cai tién

KET LUAN

Khi sb liéu quan sat trong mé hinh hdi quy logistic c6 xac suat du doan cua
bién phu thudc gan chic chin xay ra hoic khdng xay ra, dac biét khi c6 canh
bdo xac suat gan 0 hodc 1 caa ham glm, thi gié tri cua ham hop ly s& bi anh
huong va tién gan vé khong. Do d6, udc luong tham sé cua md hinh voi
phuong phap cuc dai ham hop Iy s& xuat hién nhiéu sai sé.

Qua két qua mo phong, vai théng tin tién nghiém duogc xac dinh tir sé liéu quan
sat, phuong phap Bayes dugc dé xuat gilp lam giam sai sé trong udc lugng
tham s6 so voi phuong phap cuc dai ham hop 1y va phuong phép Bayes khong
c6 thong tin tién nghiém. Do do, khi thong tin tién nghiém cang chinh xac thi
phuong phap Bayes cang nang cao do chinh xac trong viéc wéc luong tham sb
ciia mo hinh hdi quy logistic.

Trong pham vi bai b4o nay, ching tdi chi xem xét md hinh hdi quy logistic véi
cac bién doc 1ap va sb chiéu ciia md hinh nho. Can ¢ nhitng nghién ciu thém
dé xem xét sy hiéu qua va chi phi tinh toan caa phuong phap duoc dé suat cho
truong hop ¢o su trong quan giita cac bién, sé chiéu caa mé hinh 16n ciing nhu
d6 nhay ctia phuong phéap dé suat véi cau tric cia mé hinh sinh dir liu.

Trong tuong lai, cac phuong phap hién dai hon nhu Approximate Bayesian
computation - sequential Monte Carlo (ABC-SMC) s& duoc nghién ciru dé tim
diéu kién xac dinh ngudng chap nhan cua tham sé dé suit. Khi dé, thuat toan
nay Ky vong sé& gilp giam sai sb trong wdc luong tham sb, dic biét trong truong
hop s6 liéu xuat hién hién twong tach biét hodc gan tach biét. Bén canh do, can
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c6 nghién ctu gidp giam hé sé quy md tiém ning (PSRF) trong kiém dinh
Gelman -Rubin ctia nghién ciru ndy vé& miic an toan hon.
LOI CAM ON

Nghién ctru duoc tai trg boi Pai hoc Qudc gia Thanh phé HS6 Chi Minh
(PHQG-HCM) trong khuén khé dé tai ma s DS.C2025-16-02.

DANH MUC TU VIET TAT

MLE: cuc dai ham hop ly

MH: Metropolis-Hastings

TUYEN BO XUNG DOT LOI iCH

Ban thao nay khong c6 xung dot lgi ich.

TUYEN BO PONG GOP TAC GIA

Cpng Fr‘mh nz‘iry la thanh qua ctia nhom nghién cfrg va khong trung lap y tuong
dé xuat vai bat ky cong trinh nao khac da cong bo.
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PHU LUC

A. Két qua chian doan cho mé hinh hdi quy logistic Truwong hep 2 Véi
B=(-111)

Phu luc A.1. Chan doan Geweke cho truong hop 8 =(-111)
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Phu luc A.2. Chan doan Gelman va Rubin cho truong hop 8 =(-1,1,1)

Udc luong diém Can trén khoang tin cay
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B. Két qua chian doan cho md hinh hoi quy logistic Truwong hop 2 véi

B=(-2,21)
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Phu luc B.1. Chan doan Geweke cho truong hop

Z-score

Z-score

-1

-2

(Intercept)

0 2000 4000 6000 8000 10000

First iteration in segment

0 2000 4000 6000 8000 10000

First iteration in segment

Z-score

0 2000 4000 6000 8000 10000

First iteration in segment
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A new Bayesian approach to reduce estimation errors in logistic
regression models

Pham Thi Thu Hoa", Pham Thi Thu Huong

ABSTRACT

When a logistic regression dataset contains a large number of observations with estimated prob-
abilities very close to 0 or 1, the Maximum Likelihood Estimation (MLE) method often encounters
Use your smartphone to scan this difficulties in parameter estimation and may produce unstable estimates with large errors. In this
QR code and download this article context, the Bayesian approach is considered an effective alternative because it allows prior infor-
mation to be combined with the observed data. However, the performance of Bayesian methods
depends substantially on the selection of appropriate prior distributions for the model parameters.
In this paper, we propose a new Bayesian method to reduce estimation errors in logistic regression
models. First, a parameter acceptance-rejection algorithm is employed to construct prior infor-
mation based on the similarity between simulated data and observed data. The resulting prior
information is then combined with the likelihood function to establish the posterior distribution
of the parameters. Subsequently, the Metropolis—Hastings (MH) algorithm is applied to generate
a stationary Markov chain and estimate the model parameters. The performance of the proposed
method is evaluated through simulation studies and a real-world dataset. The results demonstrate
that the proposed Bayesian approach improves the accuracy of parameter estimates and reduces
estimation errors compared with both the MLE method and Bayesian methods that employ non-
informative priors.

Key words: Bayesian statistics, frequentist statistics, logistic regression model, reject-accept
method, simulation study
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