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TOM TAT

Nghién cieu nay duwoe thiee hién nham dé xudt kiém dinh Khi-binh
phwong Pearson (PCS) cho mé hinh hoi quy logistic khi hiép blen
bi thiéu dir liéu ngau nhién. Mot thong ké kiém dinh c6 trong so
(W-Pearson) dwgc xdy dung dwa trén phuong phap wdc hrong
trong s6 xdc sudt nghich dao ban tham so (SIPW) nham hiéu chinh
sai léch do dir liéu thiéu va danh gia do phit hop (GOF) ciia mé
hinh hiéu qua hon so véi phwong phdp sir dung dit liéu day di
(CC). Két qua ly thuyét cho thay thong ké kiém dinh c6 phan phoi
tiém cdn chudn sau khi chudn héa. Viéc mé phong cho thay W-
Pearson kiém sodt tot sai lam logi I va c6 cong sudt cao hon C-
Pearson, dac biét khi ti lé thiéu Ién hodc mé hinh bi sai léch, dong
thoi tiém cdn voi kiém dinh Pearson khi dit liéu d‘d‘y du. Bén canh
dé, viéc ing dung trén bé dir liéu Titanic cho thdy phwong phdap
SIPW cai thién hi¢u qua woc luwong va do phu hop ciia mé hinh.
Tir khéa: Dit liéu thiéu, hoi quy logistic, kiém dinh d¢ phit hop,
kiém dinh Pearson, trong $6 xdc sudt nghich dao

ABSTRACT

This study proposes a Pearson’s Chi-square (PCS) goodness-of-fit
(GOF) test for a logistic regression model with covariates missing
at random. A weighted test statistic (W-Pearson) is developed
based on semiparametric inverse probability weighting (SIPW) to
correct for bias induced by missing data and to provide a more
reliable assessment of model adequacy compared to the complete
case (CC) approach. Theoretical results show that the
standardized test statistic is asymptotically normal. Simulation
studies demonstrate that the W-Pearson test effectively controls
type I error and achieves higher power than the C-Pearson test,
particularly under high missing rates or model misspecification,
while approaching the performance of the full-data Pearson test
when no missingness is present. An application to the Titanic
dataset indicates that the SIPW method improves estimation
efficiency and model fit.

Keywords: Goodness-of-fit test, inverse probability weighting,
logistic regression, missing data, Pearson Chi-square test
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1. GIOI THIEU

Hoi quy logistic 1a mdt trong nhitng phwong
phap phd bién trong phan tich dir liéu c6 bién phan
hoi nhi phan. Phuong phap nay duoc sir dung rong
rdi trong nhiéu linh vyc nhu y sinh hoc, khoa hoc xa
hoi, kinh té va khoa hoc dit liéu nham mé ti méi
quan hé gifra xac suét xay ra ciia mot bién phan hoi
v6i cac bién giai thich (Hosmer etal., 2013; Agresti,
2015). Trong md hinh hdi quy log1stlc X4c suat xdy
ra ctia bién phan hdi thuong dugc mo ta thong qua
ham lién két logistic, cho phép wéc lugng anh huong
cua cac hiép bién 18n x4c suit cua su kién quan tam.

Trong thyc té, dir lidu thu thap duoc thuong gip
tinh trang thiéu dir liéu & mot sb hiép bién. Hién
tuong nay co thé xuét phat tir nhiéu nguyén nhén
nhur 16i ghi nhan, mét thong tin trong qué trinh khao
sat hodc nguoi tham gia tir chdi cung cap thong tin.
Rubin (1976) phan loai co ché thiéu dit liéu thanh
ba nhom chinh gém: thiéu hoan toan ngau nhién
(MCAR), thiéu ngau nhién phu thudc vao dir lidu
quan sat dugc (MAR) va thiéu khong ngau nhién
(NMAR). Trong d0, co ché thiéu dit liéu MAR duoc
xem la gia dinh hop 1y trong nhiéu nghién ciru thuc
nghiém va 13 co s& cho nhiéu phwong phéap xu 1y dir
lidu thiéu.

Khi ton tai hiép bién thiéu dir liéu dudi gia dinh
MAR, viéc uéc luong va danh gia mé hinh hdi quy
logistic tré' nén phtrc tap hon so véi truong hop dir
lidu dy di. Mot sb phuong phap don gian va thudng
dugc str dung dé xu 1y dit liéu thiéu bao gdm phuong
phép sur dung dir li¢u ddy dii (CC); trong do, chi cac
quan sat co day du thong tin, hodc cac phuong phap
trong 6 xdc sudt nghich dao (IPW) duoc sir dung
nham hiéu chinh sai 1éch do di liéu thiéu (Little &
Rubin, 2019) va IPW bdn tham sé6 (SIPW, Wang et
al., 1997; Wang & Wang, 2001), hoac cac phuong
phap thay thé IGp (MI) nham dién nhitng gia tri thich
hop vao cac 6 dit li¢u thiéu dé tao cac bo dit licu déy
du cho tinh toan (Rubin, 1996; Lee et al., 2023; Tran
et al., 2025), v.v.

Bén canh vén dé udc luwong tham 6, mot budc
quan trong trong phan tich hdi quy logistic 1a danh
gia mure do phu hop ciia mo hinh (goodness-of-fit —
GOF). Kiém dinh GOF cho phép danh gia xem md
hinh gia dinh ¢c6 md ta phu hop mdi quan hé giira
bién phan hdi va cac hiép bién trong dir liéu hay
khong. Néu mé hinh dugc chi dinh khong ding thi
cac két luan suy ra tir mé hinh ¢6 thé khong dang tin
cdy. Trong trudng hop dit liéu ddy du, nhiéu phuong
phap kiém dinh GOF da dwoc phat trién cho m hinh
hoéi quy logistic, trong d6 cac kiém dinh dya trén
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thdng ké Khi-binh phuwong Pearson (PCS) 1a mot
trong nhitng phuwong phéap duoc sir dung phd bién
nhd tinh don gian va kha ning dién gidi rd rang
(Hosmer et al., 2013). Tuy nhién, khi ton tai hiép
bién bi thiéu dit li¢u, dac biét dudi co ché MAR, viée
xy dung cac kiém dinh GOF thich hop tré nén kho
khin hon do can phai xét dén co ché thiéu dir liéu
trong qua trinh suy luan théng ké.

Gan day, cac phuong phap kiém dinh GOF cho
mo hinh héi quy logistic trong trudng hop c6 hiép
bién thiéu dir liu da dugc dé xuit trong mot so
nghién ctru. Cac phuong phap nay thudng dua trén
viée két hop cac ky thuat xir 1y dir liéu thiéu véi cac
thong ké kiém dinh truyén théng, nhim xay dung
cac théng ké kiém dinh c6 tinh chét tiém can tot
trong truong hop ¢& mau 16n (Lee et al., 2022;
Noughabi, 2025). Tuy nhién, viéc trinh bay va ap
dung cac kiém dinh nay trong bdi canh dit liéu thue
té van con han ché, dic biét trong cac nghién ctru
minh hoa béng dir liéu thyc nghiém.

Bén canh cac nghién ctru phuong phap luan, viéc
ap dung cac phuong phap théng ké vao cac bo dir
lidu thuc té dong vai tro quan trong trong viéc minh
hoa va dénh gia hidu qua ciia cac phuong phap dé
xudt. Trong linh vuc khoa hoc dir liéu va hoc may,
bo dir liéu Titanic duoc xem 1la mét bd dir liéu kinh
dién thuong duoc sir dung dé minh hoa cac mé hinh
phan loai nhi phén. Bg dit li¢u nay ghi nhan thong
tin vé cac hanh khach trén chuyén tau RMS Titanic,
bao gém cac bién nhu gidi tinh, hang vé, tudi, sb
luong ngudi than di ciing va tinh trang séng sot sau
tai nan. Mot dic diém dang chi y cta bd dir liéu nay
1a bién tudi (Age) c6 mot ti 1& thiéu dir liéu déng ké,
tao ra mot bdi canh phu hop dé nghién ctru cac
phuong phép phan tich hdi quy logistic v&i hiép bién
thiéu dir lidu.

Xuét phat tir nhitng van dé néu trén, nghién ctru
nay tap trung vao viéc xdy dung va trinh bay kiém
dinh PCS cho mé hinh hoi quy logistic khi ton tai
hiép bién thiéu dir liéu dudi co ché MAR. Cu thé,
mé hinh hdi quy logistic v6i hiép bién bi thiéu dir
li¢u da dugc xem xét va phuong phap udc lugng
tham s6 SIPW ciing dd duoc trinh bay. Trén co s&
do6, viéc xay dung théng ké kiém dinh PCS d3 duoc
tién hanh dé danh gia mac do phi hop ctia mo hinh
va nghién ciru cac tinh chat tiém can cia kiém dinh
trong truong hop c& mau 16n. Ngoai ra, thong qua
cac nghién ctru moé phong va mdét vi du minh hoa véi
b6 dit liéu Titanic, nghién ctru duoc thuc hién nhim
danh gia hiéu qua cua phuong phap dwoc dé xuét
trong thuc hanh phan tich dit liéu.
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2. PHUONG PHAP NGHIEN CUU
2.1. Mb hinh

Gia st Y 1a bién phan hdi nhi phan nhén g1a tri 0
hodc 1, ta quan tAm dén viéc mo ta xac suét xdy ra
cua su kién Y = 1 thoéng qua mot mo hinh hoi quy
logistic v&i cac higp bién X va Z. Gia sir rang ta co
mot miu doc 1ap gom n quan sat (Y;,X;,Z;), i =
1,2,...,n, trong d6 X; = (X;1, Xiz, oo, Xip)T cO thé
chira gia tri thiéu va Z; = (Zi1, Zip, -, Zis)" 12 céac
bién rdi rac va ludn quan sat duoc, v6i r + s = p.
Mb hinh hdi quy logistic dugc dinh nghia

P, =1|X;,Z) = H(By + BiX; +B3Z;)
= H(B"X)). €Y)

Trong d6 B = (ﬁo'ﬁpﬁzT)T v6i B ER', B, €
RS 14 cac vectohé sdcaa X vaZ, X = (1, X7, Zz0)T
vaH(u) = (1 + e *)11a ham logistic. Khi dit lidu
day du, udc luong By cua B 1a nghiém cua hé

1 n
ﬁz $.(8) =0
vl
$:(8) = X[V, - HETXD]. ()

Tuy nhién, khi X; bi thiéu d6i véi mot sb quan
sat, vecto hiép bién X; khong thé duoc x4c dinh day
da. Khi do, goid la bién chi béo cho trang thai quan
sat cua X, dugc dinh nghia boi §; = 1 néu X ; duogc
quan sat va §; = 0 néu X; bi thiéu. Co ché thiéu dir
liéu ctia X duogc gia dinh 1a MAR. Gia sae W 1a bién
o1 rac ¢6 twong quan véi X nhung doc lap véi Y. Ta
goi W 12 bién thay thé cho X. M6 hinh x4c suét chon
quy udc co ché thiéu MAR ciia X (Lee et al., 2022;
Loc va ctv., 2024) dugc dinh nghia

P(al = 1|Yl:le:IZl:l Wl) = P(al = 1|YilZil Wl)
= T[(Yu Vi)' (3)

trong do V; = (ZI', W,')T. Gia dinh nay cho phép
xd@y dung cac phuong phap udc lugng va kiém dinh
GOF trong trudng hop ton tai dit liéu thiéu.

2.2. Phwong phap wéc lwgng

2.2.1. Phwong phap CC

Phuong phap CC 1a phwong phap don gian, trong
do chi sir dung cac quan sat c6 day du thong tin vé
hiép bien X. Khi d6, phuong trinh uéc lugng cua
tham so f c6 dang

1 n
\/_ﬁ; 8;¢;(B) = 0.

4)
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Nghi¢m cua phuong trinh (4) cho ta udc
luong .. Phuong phap CC c6 wu diém 1a don gian
va dé thuc hién khi chi st dung cac quan sat day du.
Tuy nhién, viéc loai bo cac quan sat c6 dit liéu thiéu
¢6 thé 1am giam kich thude mau va do chinh xac cia
wdc lugng, dic biét khi ti 1¢ thiéu 1on. Ngoai ra,
phuong phap nay c6 thé gy sai léch udc lugng dudi
co ché MAR (Lee et al., 2023; Tran et al., 2025).

2.2.2. Phuwong phap SIPW

Dé khic phuc han ché cua phuong phap CC, cac
phuong phép dua trén trong s6 da dugc dé xuét
nham tan dung thong tin tir dir liu quan sat dugc.
Mot trong nhimg phuong phép phd bién 1a SIPW,
trong d6 mdi quan sat dugc gan mot trong sd ti 1¢
nghich vé6i xac suat quan sat ctia hiép bién bj thiéu
(Wang et al., 1997; Wang & Wang, 2001; Lee et al.,
2023; Tran et al., 2023). Cac trong ) nay duogc on
dinh nhdm giam phuong sai cua cac wéc lugng.
Phuong trinh wdc lwong cia tham s6 B khi d6 ¢
dang:

Uu (B, == 2 (B) =0, (5)
=i

trong do, fI; = ﬁ(Yi,qVL-) la mot wéc luong cua

m; = (Y;, V;) trong bicu thuc (3) va dugc dinh
nghia dang

151 =Y,V =)

2k=1 IV =Y,V =V)’

v6i I(+) 1a mot ham chi sb.

=7, V) = (6)

Udc lugng By, ctia B tir phuong trinh (5) 1a mot
udéc luong nhit quan (consistent) dudi cac diéu kién
chuan (Wang & Wang, 2001), c¢6 trung binh 0 va
phuong sai dugc udc luong bai:

Bw = 6™ (B )] (Bur 2)[ G (B 2)] ",

trong do:

()

n
5 1 6; .
G(Bw ) = D S XOTHO(BLX,),
L

i=1
N R A
1o ®) = ) |3 01(Bw)
i=1
- 2o
voi u®? = yu” véi moi vecto cot u va @; (By)

la  mdét  udc lugng cua  ¢; (,BW) =
E[¢1(ﬁw)|Y1 =Y,V = V-] duoc xac dinh boi
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el N\ _ Lj=1 8jbi(BwI(Y =YV i=vy)
¢i ('BW) T YR, S (Y=Y V=V

2.3. Kiém dinh PCS

C))

Sau khi w6c luong cac tham sb ciia mé hinh hoi
quy logistic, mdt budc quan trong trong phan tich la
danh gia mic d phi hop cia mo hinh. Kiém dinh
GOF duoc thuc hién nhdm kiém tra xem dang ham
clia md hinh logistic gia dinh c6 mo ta dung mdi
quan hé giita bién phan hoi va cac hiép bién trong
di liéu hay khong. Néu mé hinh bi chi dinh sai, cac
suy luan thong ké va dy bao tir mo hinh c6 thé khong
dang tin cdy. Kiém dinh PCS la mot trong nhiing
kiém dinh GOF phé bién cho mo hinh hdi quy
logistic (Hosmer et al., 2013). Dé thuan tién cho viéc
suy luan tiém cén, ta xét thong ké PCS dang trung
tam (Lee et al., 2023) sau

[V —HB"X)]?
Gpi(B) = THOGTX,) 1 (10)

Khi dir liéu ddy du, théng ké PCS, goi 1a F-

Pearson, dugc dinh nghia la

Grp (ﬁ) = zj: GP,i(ﬁF)-

Khi X bi thiéu dir liéu, ddc biét dudi gia dinh
MAR, théng ké kiém dinh can dugc diéu chinh dé
phan dnh ding co ché thiéu dir liéu va phuong phap
udc luwong tham s6 dugc sir dung. Théng ké PCS cho
udc lugng tu phuong phap CC va SIPW, goi 1a C-
Pearson va W-Pearson, lan dugc duge dinh nghia
dang

(11)

Ger(Be) = ) 8iGri(Be), (D)
R = 5, R
GW,P(ﬁW' ﬁ) = Z;Gp,i(ﬁw)- (12)
i=1

So véi thong ké G¢ p (B¢ ), thong ké Gy p (B, 7)
str dung trong sO &;/#; nham higu chinh xac suét
quan sat cia hiép bién bi thiéu, qua d6 tan dung
thong tin tir cac bién quan sat khac trong mau. Nho
d6, W-Pearson c6 kha nang giam sai léch do co ché
thiéu dit liéu MAR va cai thién hiéu qua théng ké so
v6i phuong phép C-Pearson. Diéu nay dic biét quan
trong trong truong hop ti 1¢ thiéu dir liéu 16n hoic
phu thuéc manh vao cac bién quan sat dwoc. Muyc
tidu ctia bai toan kiém dinh 1a kiém tra gia thiét H,
0 muc y nghia a:

Hy:E(Y|X;) = H(B" X)),

Hy:E(Y X)) # H(BTX)). (13)
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2.4. Tinh chit ¢& miu lén

Trong phan nay, ta nghién ciru phan phbi tiém
can cua thong ké kiém dinh Gw p (ﬁw, ﬁ) trong mo
hinh héi quy logistic khi X thiéu dit liéu theo co ché
MAR. Két qua nay cho phép xay dung quy_ tic suy
luén théng ké cho kiém dinh GOF khi ¢& mau 16n.

Pinh Iy 1. Gia st cac diéu kién trong nghién cuu
cta Lee et al. (2023) cho mé hinh hdi quy logistic
(1) dugc thda man va mo hinh logistic nay dugc chi
dinh dudi gia thiét Hy. Khi kich thuéc mau 16n, hay
n = oo, ta c6 két qua sau

\/%GP,W(ﬁAW' ﬁ) i’ N (0’ Apw (B, ”)) (14)
Trong @6,
Apw(B,m) = Var (KP,W,l (ﬁﬂfl))' (15)
voi
S
Kpwi(B,m) = n_Ll [GP,L'(B) - AE(ﬁ)F‘l(ﬁ)qbi(ﬁ)]

J
+(1-2) [62,8) - ABBF (BI9i (B)], (16)

va
Ap(B) = E{[1 — 2H(BTX)]IX ],
F(B) = E[x®*HD(B7X))],
G5 (B) = E[Gpr (B|Y; = Y, Vy = V],

Két qua nay cho thy thong ké W-Pearson sau
khi chuan hoa c6 phan phdi tiém cén chuén.

(17)

Chirng minh.
Khai trién Taylor Cua G p W(,BW, rt) quanh 8 ta
duoc
Gpw (Bw. 1)
0Gpw(B,m) , .
=GPW(ﬁ'7T)+ Pg/ﬁT (ﬁw_ﬁ)
aG s
+ZM( i =) + 0p (1),
= aT[,:

Trong d6, ki hi¢u X,, = O, (a,) nghia la X,,/a,
bi chin theo x4c suat. Dudi gia thiét H, va theo luét
yeu s0 16n khin — oo, ta c6 thé thu dugc cac ket qua
sau:

0Grw (B, )
—g ),

Va(Bw — B) = F X (B)Uy (B, %) + 0,(1),
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aGP,W(ﬁrT[) A
—(ft; —m)
aT[,:

5 ]
=) 6B + 0,n 7,

=<1

va

) U (8, 7)
=Y [Fo® + (1-2) i @] + o,
i=1 " !

Trong do, X, = o,(a,) nghia 1a X, /a, AN 0.
Tu do, ta thu duoc:

1 A 1 ¢
\/_ZGP,W(BW'ﬁ) = ﬁz Kpw,i(B,m) + 0, (1).

Mit khéc, theo dinh 1y gidi han trung tam, ta c6

\/%Z Kpw,i(B,m) - N (0. Ap,w(ﬁ,n)).

Do @6, dinh ly Slutsky (Casella & Berger, 2002)
duoc ap dung, ta suy ra:

L G (B 1) N (0,85 (8,m))
— ’ m)— ’ ’ T .
\/ﬁ PW\FW P,W

Diéu nay la do tong ctia mot dai lugng hoi tu theo
phan phodi va mot dai 11;qng hoi tu ve 0 theo xac suat
s€ hoi tu theo phan phoi ve cung gidi han. Dinh 1y 1
da duogc chung minh xong.

Nhin xét 1. Trong thyc hanh, théng ké chuan

hoa sau dugc sur dung dé tinh p-value cho kiém dinh
PCS dudi gia thiét H,

i Gp W(ﬁW' 7T)

— N(0,1),
VL (B )

(18)

pw =

khin — oo, véi ZP,W([?W, ﬁ) la mdt udc luong
nhét quén ctia Ap (B, 7). Khi d6, p-value cia kiém
dinh duoc xac dinh boi

p—value =2[1—-®(|Zpy|)],  (19)

v6i () 1a ham phan phi tich lity caa N (0,1).
d
Nhian xét 2. Do Zp,, — N(0,1) nén binh

phuong cua thong ké nay thoa

2 4 2
Zpw — Xi-

20
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Trong d6, x? 1a phan phdi x? vai 1 bac tu do. Vi
vdy, mdt cach twong duong, p-value ciing c6 thé
duoc tinh nhu sau:

Pvalue = P(Xlz = ZI%,W) =1- FX% (ZI%,W)' (20)
véi F 2 () 1a ham phén phdi tich liiy cua phan
phdi y2.

Hai cach tinh nay la twong duong vé mat tiém
can, bsi vi P(|Z] = |z]) = P(Z? = Zz) Tuy nhién,
trong thyc hanh viéc sir dung phan ph01 x? duoc hd
tro truc tiép trong nhiéu phan mém théng ké. Trong
bai béo nay, cong thirc (19) dugc dung dé tinh p-
value cho cac phuong phép nghién cuu.

2.5. Thuat toan W-Pearson

Trong phﬁn nay, thuat toan kiém dinh PCS cho
mo hinh hdi quy logistic khi hiép bién bi thiéu dir
liéu dudi gia dinh MAR da dugc trinh bay, phuong
phap uéc lugng SIPW di dugc sir dung nham kiém
tra gia thiét H, trong (13).

e Buéc 1. Thiét lap dit lidu (Y;, X;, Z;, W, 5;),
i =1,...,n, vamd hinh logistic dudi H,.

e Budrc 2. Usc luong hé sé md hinh hdi quy
logistic theo SIPW:

i. Tim udc lugng 7T; theo cong thirc (6) va tinh
trong s6 8;/f;, i = 1,..,n

ii. Tim w6c luong By, cua B bing cach giai hé
phuong trinh (5).

iii. Tim wdc luong phuong sai cia By, theo
cong thue (7).

e Budrc 3. Tinh thong ké W-Pearson:

i. Tinh théng ké Gy p(Bw, ) theo cong thirc
(12).

ii. Tinh phuong sai Apy (By,#) tir cic cong
thae (15-17).

iii. Tinh théng ké Zp y, theo cong thirc (18).

iv. Tinh p-value theo cong thirc (19) va két luan
chép nhan hay bac béd H, véi mic y nghia a cho
trudce.

3. MO PHONG

DPé danh gia hiéu néng cia cac kiém dinh d¢ phu
hop dwoc dé xuat trong cac didu kién dir liéu khac
nhau, mot $6 thi nghiém moé phéng da duoc tién
hanh. Céc kich ban mo phong dugc thiét ké nham
xem xét anh huong cia kich thude mau, ti 1¢ thiéu
dir liéu va dang sai léch ciia mo hinh dén mirc ¥
nghia thyc nghiém va cong suat kiém dinh cuta cac
phuong phap F-Pearson (khi khong co dir liéu
thiéu), C-Pearson va W-Pearson. Trong mdi trudng
hop, dit liéu duge sinh theo mé hinh hdi quy logistic
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v6i co ché thiéu dir liéu MAR, va cac kiém dinh
duogc ap dung lap lai 1.000 14n dé ude luong cac dac
trung thong ké tuong tmg theo trung binh. Két qua
mo phong cung cip co s& thuc nghiém dé thuc hién
viéc so sanh va danh gia tinh 6n dinh ciing nhu hiéu
qua cua cac phuong phap dé xudt trong cac bbi canh
khéc nhau.

3.1. Truwong hop 1

Trudng hop nay duoc tién hanh nhim danh gia
anh huong cua kich thuéc miu dén hidu ning cua
cac kiém dinh PCS trong diéu kién dir liéu thiéu
40%. Ba cd mau N = {500; 1.000; 1.500} da dugc
xét. Hai hiép bién X ~U[-2;2] va Z~

Tdp 62, S6 CD: Khoa hoc tir nhién Pong bang song Ciru Long (2026) - 16-26

Bernoulli(0,5), trong do X bi thiéq theo co ‘ché'
MAR, con Z lu6n duoc quan sat. Bién phan hoi ¥
dugc sinh tir mo hinh logistic c6 thanh phan sai 1éch
g(X;a):

P(Y=1|X,Z2) = HB"X + g(X; a)),

véi B =(B0,p1,p2)" = (0,3;0,8;0,05),
X=1X2)"vag(X;a) = aX*—X?),a=0.

Cac kiém dinh F—P;argon, C-Pearson’ va W-
Pearson dugc ap dung deé kiém tra gia thuyeét:

HO: E(Y |X,Z) = H(BTX).

104 —— F-Pearson 101 —— F-Pearson
W-Pearson W-Pearson
—— C-Pearson ~—— C-Pearson

08

0.6 1

04

0.4

0.2 0.2

0.0

s— 1.0 1 —— F-Pearson
W-Pearson
—— C-Pearson

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0 0.00 0.05 0.10

(a) N = 500

(b) N = 1.000

0.20 0.25 0.30 o 0.00 0.05 0.10 0.15 0.20 0.25 0.30 a

()N =1.500

Hinh 1. Hinh mé ti cong suit thye nghi¢m cia kiém dinh PCS truong hop 1

Ghi chit: Kich thuée mau (N) lan lwot la 500, 1.000 va 1.500; ti ¢ thiéu 40%

Bing 1. Bing tém tit két qua mé phéng ciia truwong hop 1

N =500

N =1.000

N =1.500

F-Pearson C-Pearson W-Pearson F-Pearson C-Pearson W-Pearson F-PearsonC-Pearson W-Pearson

0,000 0,053 0,047 0,059 0,051
0,025 0,083 0,053 0,092 0,131
0,050 0,166 0,068 0,153 0,319
0,075 0,320 0,094 0,245 0,601
0,100 0,523 0,153 0,377 0,826
0,125 0,702 0,239 0,552 0,959
0,150 0,842 0,345 0,691 0,992
0,175 0,936 0,487 0,819 0,999
0,200 0,974 0,603 0,896 1,000
0,225 0,987 0,706 0,948 1,000
0,250 0,998 0,807 0,974 1,000
0,275 1,000 0,864 0,990 1,000
0,300 1,000 0,906 0,997 1,000
0,325 1,000 0,940 1,000 1,000
0,350 1,000 0,960 1,000 1,000

0,059 0,060 0,043 0,052 0,050
0,060 0,101 0,142 0,053 0,119
0,082 0,246 0,418 0,091 0,324
0,146 0,457 0,764 0,156 0,597
0,236 0,669 0,942 0,312 0,824
0,397 0,851 0,992 0,522 0,959
0,586 0,946 1,000 0,709 0,988
0,726 0,990 1,000 0,841 0,996
0,839 0,997 1,000 0,931 1,000
0,930 1,000 1,000 0,976 1,000
0,970 1,000 1,000 0,995 1,000
0,985 1,000 1,000 0,996 1,000
0,993 1,000 1,000 0,999 1,000
0,996 1,000 1,000 1,000 1,000
0,999 1,000 1,000 1,000 1,000

Ghi chit: Kich thwée mau (N) lan lwot la 500, 1.000 va 1.500; ti ¢ thiéu 40%

Khia = 0, mo hinh la ding (gia thuyét H,); khi
a # 0, mo hinh bi sai 1éch.

Bén canh d6, @& mé hinh hoa co ché thiéu di
ligu, ta xay dyng bién phy W tir X nhu sau:

1, nfuX >0

W={0, néu X < 0.

Bién W duoc gia dinh 14 quan sat day du va duoc

sir dung trong viéc mo hinh héa xac suit quan sat
cua X theo co ch¢ MAR. Ngoai ra, dé sinh bién chi
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béo thiéu & sao cho X bi thiéu theo co ché MAR, mé
hinh xac suat sau day dugc str dung:

P =1V, Z,W) =H(yo tv1¥ +vZ +

YsW), Q1) véiy = Vo, Vi, V2, ¥3)" =
(0,75; —0,7; —0,4; 0,5)7.

Két qua trong Bang 1 va Hinh 1 cho thay khi
= 0, cic kiém dinh déu kiém soat t6t sai 1am loai
I v0i mirc y nghia xap xi @ = 0,05. Khi a tang,
cong sudt kiém dinh cua ca ba phuong phap déu
tang, phan anh kha nang phat hi¢n sai 1éch mo hinh.
Déng chu y, F-Pearson va W-Pearson dat cong sut
cao nhanh hon so v&i C-Pearson, dic biét & c¢& mau
nho va trung binh. Khi kich thuéc mau ting, hiéu
nang cua tat ca cac kiém dinh duoc cai thién va su
khac biét gitra cac phuong phap giam dan.
3.2. Truwong hop 2

Truong hop nay dugc thuc hién nham khao sat
anh hudng cua ti I¢ thi€u dir liéu dén hi¢u nang kiém
dinh khi c6 dinh cd mau N = 1.000. Hai hiép bién

Tdp 62, S6 CD:
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X va Z cung véi bién phu W duogc tao ra tuwong tu
trong Trudong hgp 1. Trong do, Z luén dugc quan sat
va X bi thiéu theo co ché MAR véi ba mic ti 1¢ thiéu
20%, 40% va 60%, dudi mo hinh xac suat (21) co y
lan lugt 1a (-1,1;-0,7; —0,4;0,5)7,
(0,75; —0,7; —0,4;0,5)T va
(1,8; —0,7; —0,4; 0,5)". Bién phan hoi Y dugc sinh
tir mo hinh logistic c6 thanh phin sai léch g(X; a)
va viéc kiém dinh gia thuyét Hy: a = 0 ciing dwoc
xac dinh tuong ty truong hop 1.

Béng 2 va Hinh 2 cho thiy khi ti 1& thiéu thép
(20%), ba kiém dinh c6 hiéu nang kha gén nhau,
trong d6 F-Pearson va C-Pearson lan luot 1a tot nhat
va thap nhat. Tuy nhién, khi ti 1¢ thiéu tang, sy khac
biét tré nén 1o rét: F-Pearson va W-Pearson van duy
tri cong suit cao va ting nhanh theo a, trong khi C-
Pearson suy giam déng ké va ting chém hon. Diéu
nay cho thay phuong phap W-Pearson on dinh hon
C-Pearson trong bdi canh dir liéu thiéu nhiéu, nho
co ché hiéu chinh trong $6.

1.0 { — F-Pearson
W-Pearson
—— C-Pearson

1.0 { — F-Pearson
W-Pearson
— C-Pearson

08

0.6

0.4

0.4

02 02

10 — F-Pearson
W-Pearson
—— C-Pearson

08

0.6

0.0

0.10 0.15 0.20 0.25

0.05

(a) Ti 18 thiéu 20%
Hinh 2. Hinh mé ti cong suét thye nghiém kiém dinh PCS truomg hop 2
Ghi chii: Ti ¢ thiéu 20%, 40% va 60%; Kich thieée méu (N) 1.000

0.00

0.0

0.00 0.05 0.10 015 0.20 0.25

(b) Ti 1¢ thiéu 40%

Bang 2. Bing tém tit két qua mé phéng ciia truwong hop 2

0.05 0.10 0.15 020 025

() Ti I¢ thiéu 60%

0.30

0.35

MR = 20% MR =~ 40% MR = 60%
F-Pearson C-Pearson W-Pearson F-Pearson C-Pearson W-Pearson F-Pearson C-Pearson W-Pearsor
0,000 0,051 0,053 0,054 0,051 0,059 0,060 0,051 0,059 0,058
0,025 0,131 0,079 0,112 0,131 0,060 0,101 0,131 0,059 0,096
0,050 0,319 0,171 0,279 0,319 0,082 0,246 0,319 0,056 0,185
0,075 0,601 0,370 0,525 0,601 0,146 0,457 0,601 0,074 0,321
0,100 0,826 0,579 0,766 0,826 0,236 0,669 0,826 0,092 0,518
0,125 0,959 0,769 0,926 0,959 0,397 0,851 0,959 0,146 0,703
0,150 0,992 0,927 0,986 0,992 0,586 0,946 0,992 0,215 0,833
0,175 0,999 0,981 0,996 0,999 0,726 0,990 0,999 0,311 0,926
0,200 1,000 0,997 1,000 1,000 0,839 0,997 1,000 0,397 0,964
0,225 1,000 1,000 1,000 1,000 0,930 1,000 1,000 0,527 0,990
0,250 1,000 1,000 1,000 1,000 0,970 1,000 1,000 0,623 0,996
0,275 1,000 1,000 1,000 1,000 0,985 1,000 1,000 0,709 0,999
0,300 1,000 1,000 1,000 1,000 0,993 1,000 1,000 0,784 1,000
0,325 1,000 1,000 1,000 1,000 0,996 1,000 1,000 0,849 1,000
0,350 1,000 1,000 1,000 1,000 0,999 1,000 1,000 0,893 1,000

Ghi chii: Ti I¢ thiéu 20%, 40% va 60%; Kich thuée mau (N) 1.000

22
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3.3. Truwong hop 3

Truong hop nay duoc tién hanh nhim danh gia
hiéu nang kiém dinh Kkhi dang sai léch cua m6 hinh
thay d6i phi tuyén véi ba ¢ miu N =
500, 1.000 va 1.500. Cu thé, bién X dugc sinh tir
phan phdi déu trén khoang [—2; 2]. Bién nhi phan Z
luén quan sat dugc va dugc sinh tir phan phdi
Bernoulli v&i x4c suét thanh cong bang 0.4. Bién Y
dugctaoratrmoé hinh P(Y = 1|1X,Z) = H(BTX +
g(X; a)), voi X=0,X2)7T, B =
(0,3;0,81;0,05)" va g(X;a) = a(0,5 — cos2X),
a = 0. Ti 1¢ thiéu ciia X khoang 50% thu duoc tir
mé hinh  x4c sudt (21) voéi  y =
(0,25;-0,7; —0,4; 0,5)7.

Két qua trong Bang 3 va Hinh 3 cho thay xu
hudng chung cta cac kiém dinh twong tu nhung

W-Pearson
—— C-Pearson

— F-Pearson

W-Pearson
—— C-Pearson
08

06

04

0.4

0.2 02

o0l — - —r —~ -
0.0 02 0.4 0.6 o8 L0

(a) N = 500

0.0

0.4

(b) N = 1.000
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dudng cong cong sudt hoi tu vé 1 cham hon trong
Trudng hop 1. Khia = 0, ca ba kiém dinh déu kiém
soat tot sai 1am loai I voi mirc ¥ nghia xap xi a =
5%. Khi a ting, cong suat kiém dinh ctia F-Pearson,
C-Pearson va W-Pearson déu ting dan, phan anh
kha nang phat hién su sai 1éch cua mé hinh. Tuy
nhién, so véi truong hop 1, toe do gia ting cong suat
cham hon dang ké, dic biét & cac mirc sai 1éch nho
va trung binh. Diéu nay c6 thé duoc giai thich boi
dang sai 1éch phi tuyén phirc tap ctia ham luong giac
g(X;a) = a(0,5 — cos2X), khién mirc do sai léch
khoi mo hinh tuyén tinh kho dugc phat hién hon.
Trong tAt ca cac kich ban, W-Pearson van cho hiéu
nang tot hon va dat cong suat cao sém hon so véi C-
Pearson, trong khi W-Pearson tiép tuc cho két qua
tiém can v6i F-Pearson khi kich thudc mau ting.

1.0 { = F-Pearson
W-Pearson
—— C-Pearson

0.6 0.8 L0 0.0 02 04 0.6 0.8 10

(¢)N =1.500

Hinh 3. Hinh mé ti cong suit thye nghi¢m ciia kiém dinh PCS truong hep 3

Ghi chit: Kich thuée mau (N) lan lwot la 500, 1.000 va 1.500; ti 1é thiéu 50%

Bing 3. Bing tom tit két qua mé phéng ciia truong hop 3

N =500 N =1.000 N =1.500
F-Pearson C-Pearson W-Pearson F-Pearson C-Pearson W-Pearson F-Pearson C-Pearson W-Pearson
0,00 0,058 0,045 0,053 0,051 0,059 0,060 0,051 0,059 0,058
0,11 0,143 0,052 0,122 0,131 0,060 0,101 0,131 0,059 0,096
0,22 0411 0,077 0,267 0,319 0,082 0,246 0,319 0,056 0,185
0,33 0,734 0,184 0,508 0,601 0,146 0,457 0,601 0,074 0,321
0,44 0,927 0,333 0,735 0,826 0,236 0,669 0,826 0,092 0,518
0,55 0,988 0,588 0,902 0,959 0,397 0,851 0,959 0,146 0,703
0,66 0,997 0,779 0,964 0,992 0,586 0,946 0,992 0,215 0,833
0,77 1,000 0,909 0,988 0,999 0,726 0,990 0,999 0,311 0,926
0,88 1,000 0,976 0,998 1,000 0,839 0,997 1,000 0,397 0,964
0,99 1,000 0,994 1,000 1,000 0,930 1,000 1,000 0,527 0,990

Ghi chii: Kich thwée méu (N) lan lwot 1a 500, 1.000 va 1.500; ti Ié thiéu 50%

4. UNG DUNG
4.1. Gi6i thiéu

Muc tiéu ctia phan nay 1a minh hoa kha nang tmg
dung cta phuong phap dé xuat trong bdi canh dir
lidu thuc té c6 hiép bién bi thiéu. Thong qua bo dit
liéu Titanic, hiéu qua cua cac phuong phap udc
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luong da dugc danh gia va viée kiém dinh do phu
hop ctia mo hinh trong diéu kién dir liéu khong day
du da duoc tién hanh, tir 46 lam 13 tinh thuc tién cua
kiém dinh PCS da dé xuat.

Bo dur liéu Titanic (Nguon: Kaggle) bao gom
891 quan sat vé& hanh khach trén chuyén tau RMS
Titanic, vdi cac thong tin nhan khéu hoc va diéu kién
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di chuyén, cing véi trang thai séng sot. Pay 1a mot
bai toan phan loai nhi phan dién hinh, trong d6 xac
suat séng sot khong mang tinh ngau nhién ma phy
thudc vao céac déc trung cua hanh khach. Pang chu
¥, bién tudi (Age) c6 chira nhidu gia tri bi thiéu, tao
ra bdi canh pht hop dé nghién ctru mo hinh hdi quy
logistic voi dir liéu thiéu.

Dé xay dung mé hinh hdi quy logistic, cac bién
dugc dinh nghia sau day. Bién phan hdi nhi phéan Y
biéu thi trang thai song sot (Survived) cua hanh
khach v6iY = 1 néu sdng sotva Y = 0 néu tir vong.
Hiép bién chinh X 14 tudi (Age), ¢6 gia tri thiéu. Hai
bién gla Z, vaZ, dai dién cho hang vé (Pclass): Z; =

1 néu hanh khach thudc hang vé tht hai, Z, = 1 néu
hanh khach thudc hang vé thtr ba va hang 1 lam
nhom tham ch1eu) Bién Z, bleu thi gidi tinh (Sex)
trong d6 Z; = 1 néu nam va 0 néu nir. Bién Z, 1a s6
nguoi than di cing (SibSp), co gia tri tir 0 dén 8.
Ngoai ra, bién W duogc xay dung tur Parch nhu mot
bién thay thé cho X, véi W = 1 néu hanh khach c6
it nhat mot nguoi than di cung va W = 0 nguoc lai,
c6 gid tri tir 0 dén 6.

Két qua thong ké mo ta trong Bang 4 cho thay
trong tong s6 891 hanh khach, c6 549 nguoi tr vong
(61,62%) va 342 ngum song 0t (38,38%), phan anh
ti 1 tir vong cao. Bién tudi X c6 177 gia tri bi thiéu
(19,87%), day 1a mirc thiéu dang ké va c6 thé anh
huong dén do tin cay cua phén tich néu khong duge
xtr 1y phu hop. Khi chi cac quan sat day du dugc sir
dung (n = 714), tudi trung binh khoang 29,7 va do
léch chuén 14,53 cho thy su phan tan 16n. V& cac
bién phén loai, hanh khach hang 3 chiém ti 1¢ cao
nhét (55,11%), nam gidi chiém wu thé (64,76%). S6
ngudi di cung tuong dbi thap voi Z, c6 gié tri trung
binh 0,52 va d6 léch chuan 14 1,1 va bién W cho thay
23,91% hanh khach co it nhét mdt ngudi than di
cung.

Dé danh gia mbi lién hé giita X va bién thay thé
W, hé $6 tuong quan hang Spearman duogc tinh trén
cac quan sat day du, cho kétquap = —0,2549 v6i
p < 0,05, cho thdy mdi lién hé nghich c6 y nghia
thdng ké nhung khong manh. Diéu nay ham ¥ rang
hanh khach c¢6 nguoi than di cung (gia tri W cao) co
xu hudng tré hon. Ngoai ra, W khong tuong quan
v6i Y, do d6 co thé dugce st dung nhu bién phy hd
trg cho X trong xur 1y dit liéu thiéu.

Goi & 1 bién chi bao quan sat ciia X (§ = 1, néu
quan sat va § = 0 n€u thiéu). X4ac suat quan sat clia
X dugc mo hinh héa boi hoi quy logistic:
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P(6 = 1|Y,Zl,Zz,Z3,Z4,W)
=H(yo+ V1Y +V2Zy +v3Zy +VaZs + VsZs
+ysW).

Két qua (Bang 5) cho thiy cac bién Z,,Z,, Z, va
W ¢6 y nghia thong keé, trong khi Y va Z3 khong c6
¥y nghia. Diu cuia cac hé sé cho thiy Z; 1am ting xéac
suat quan sat cua X, trong khi Z, va Z, 1am giam xdc
suét nay; dac biét, s0 ngudi than di cung cang nhiéu
thi kha nang thiéu tudi cang cao. Ngoai ra, kiém dinh
tong thé (Bang 6) cho thiy mo hinh day du vuot troi
so v&i md hinh rong (y2 = 80,64, p < 0,001), véi
do léch (deviance) giam dang ké. Do d6, x4c suat
quan sat ciia X phu thudc vao cac bién quan sat duogc
nhung khong phu thudc dang ké vao Y, ung ho gia
dinh MAR thay vi MCAR.

Bang 4. Thong ké md ti cac bién dwoc ma héa
trongbd dir liéu Titanic

Théng ké m ta
891 (100%)
0 549 (61,62%)
342 (38,38%)
29,7 (sx = 14,53)
177 (19,87%)
184 (20,65%)
491 (55,11%)
314 (35,24%)
577 (64,76%)
Z, = 0,52 (sz, = 1,10)
891 (100%)
0 678 (76.09%)
=1 213 (23.91%)

Bien

[EN

X =

iy
I
PSS o D
[ S SEN

%%

Bang 5. Két qua mé hinh hdi quy logistic cho co
che thi€u cia bien X

Est SE z 14

Bién Tham so

Yo 15453 0,3163 4,885 < 0,001
Y y, 01306 02331 0,560 0,575
Z, y, 09281 03742 2,480 0,013
Z, ys —0,81710,2384—3,428 < 0,001
Zs  y, 01001 0,2267 0,442 0,659
Z, ys —0,25810,0892—-2,894 0,004
W vy, 15695 03372 4,655 < 0,001

Bing 6. Kiém dinh tong thé mé hinh logistic cho
co' ché thieu

Model Res(llttl‘ual Deviance p-value
Null 890 888,38
model
Full

884 807,74 2,63x10-15
model
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4.2. Két qua phan tich

Dé nghién ciru mbi quan hé giita xac suat song
sot va cac bién giai thich trong b¢ dir li¢u Titanic,
mo hinh hoi quy logistic dugc sir dung:

P(Y =1|X,2,,Z,,Z3,Z,)
=H(Bo + Pr X + PoZy + PsZy + PuZs
+ BsZ4)- (22)

Tham sé B dugc ude luong theo hai phuong
phép CC va SIPW, cung vdi sai s6 chuén (ASE) va
p-value, dugc trinh bay trong Bang 7. Két qua cho
thiy tat ca cac hé sb déu co y nghia thong ké & mic
5% @di véi ca hai phuong phap. Cac udc lugng giita
hai phuong phép kha tuong dong, tuy nhién SIPW
¢6 xu hudng cho gia tri nho hon va sai s6 chudn thap
hon (ddc biét tir B, dén Bs), cho thay hiéu qua ude
lwong dugc cai thién. HE so cua bién tudi mang dau
am, cho thdy x4c suit song sot giam khi tudi ting,
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trong khi cac hién hang vé va gidi tinh cling c6 anh
hudng dang keé.

Khi dit ligu thiéu theo co ché MAR, phuong
phap SIPW cho két qua 6n dinh va phu hop vei cac
két qua md phong trude do. bé danh gia mire d6 phu
hop ctia mé hinhr (22), kiém dinh GOF duogc thuc
hién voi gia thuyét:

E(Yle ZlPZZIZ3PZ4)

=H(Bo + b1 X + B2Zy + B3Z, + PaZs + BsZ4).

Két qua trong Bang 8 cho thdy p-value cia ca
hai kiém dinh C-Pearson (0,2654) va W-Pearson
(0,2931) déu 16n hon 0,05, do d6 khong bac bo H,.
Diéu nay cho thdy mé hinh logistic 1a phu hop véi
dir lidu. Dong thoi, gia tri théng ké ciia W-Pearson
(1,0513) nh6 hon C-Pearson (1,1136), cho thiy su
ci thién vé d6 phu hop khi ap dung phuong phép
SIPW.

Bing 7. Uéc lwgng tham s ciia mé hinh hdi quy logistic

Bién Tham s cc SIPW
Est ASE p-value Est ASE p-value
Bo 4,3342 0,4507 < 0,001 4,2690  0,4517 < 0,001
X B —0,0448 0,0082 < 0,001 —-0,0433  0,0088 < 0,001
Z B, —1,4144 0,2847 < 0,001 -1,3159  0,2495 < 0,001
Z, Bs —2,6526 0,2858 < 0,001 -2,5721  0,2770 < 0,001
Zs Ba —2,6277 0,2148 < 0,001 —-2,7237 0,1918 < 0,001
Z, B —0,3802 0,1215 0,0018 —-0,3987 0,1146 < 0,001

Bing 8. Két qua kiém dinh d9 phii hgp ciia mé hinh hdi quy logistic

Kiém dinh Thoéng ké kiém dinh p-value
C-Pearson 1,1136 0,2654
W-Pearson 1,0513 0,2931

5. KET LUAN

Nghién ctu nay duoc thuc hién da dé xuét va
phat trién kiém dinh PCS cho mé hinh hdi quy
logistic trong trudng hop ton tai hiép bién bi thiéu
dir liéu dudi gid dinh MAR. Trén co s& phuong phap
wéc luong SIPW, thdng ké kiém dinh W-Pearson
dugc xay dung nham hiéu chinh anh hudng ciia co
ché thiéu dir liéu, tir d6 cho phép danh gia mirc do
phu hgp cia md hinh mét cach dang tin cay hon so
v6i phuong phap CC truyén thong.

Ket qua ly thuyet cho thay thong ké kiém dinh
d@é xuét c6 phan phdi tiém can chuén sau khi chuan
hoa, tao co sé cho viée suy luan thong ké trong mau
16n. Cac nghién ctiru mo phong da chimg minh ring
kiém dinh W-Pearson kiém soat t6t sai 1am loai I va
c6 cong suat kiém dinh cao, dic biét trong cac
truong hop ti 1¢ thiéu dir liéu 16n hodc mé hinh ¢c6
sai léch phi tuyén. So véi kiém dinh C-Pearson,
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phuong phéap dé xuit cho thiy tinh 6n dinh va hi¢u
qua vuot trdi hon, dong thoi tiém can voi kiém dinh
F-Pearson trong truong hop dit li¢u day du.

Viéc ung dung trén bd dir li¢u Titanic cho théiy
phuong phap SIPW gitip cai thién do chinh xac cua
udc luong va nang cao d¢ phu hop ctia mé hinh so
v6i phuong phap CC. Két qua kiém dinh GOF cho
thiy mo hinh hoi quy logistic dwoc gia dinh 1a phu
hop véi dir ligu, dong thoi minh hoa tinh kha thi va
hiéu qua ctiia phuong phap dé xuat trong thuc hanh.

Bén canh do, so vi cac phuong phap MI, cach
tlep cén dya trén SIPW cho phep xay dung truc tiép
thong ké kiém dinh ma khong can tao va tong hop
nhiéu bé dit liéu hoan chinh, tir d6 gitp don gian héa
qué trinh tinh toan va suy luan thong ké. Day 1a mot
vu diém thyc tidn quan trong cta phuong phap de
xudt trong cac bai toan c6 dir liéu thiéu.
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Trong cac nghién ctu tiép theo, phuong phap
nay c6 thé dugc mo rong cho cic mé hinh hdi quy
tong quat khac hodc cac truong hop dir lidu thiéu
phirc tap hon, chang han nhu nhiéu hiép bién bi thiéu
ddng thoi hodc co ché thiéu NMAR. Ngoai ra, viéc
két hop véi cac phuong phap hoc may hién dai ciing
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