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Abstract: The confidence interval for the ratio p is one of the mandatory and necessary knowledge in
the curriculum of the Statistics Probability module at the university level. There are many methods for
estimating ClIs for different rates, but the CI most used in statistical probability textbooks in Vietnam
that we refer to is the Wald CI because of its simplicity in calculation and application in practice.
international. However, the conditions for use of the Wald CI must be satisfied, otherwise the estimated CI
for the population will be inaccurate and even have no use value such as CI containing negative values

or exceeding 1.

This article presents some alternative methods in teaching when the conditions of the Wald CI are not
satisfied through an illustrative example with the support of Stata 17 software.
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1. Pit vin dé

Khoang tin cay (KTC) cho ty 1€ nhi thic p dugc
sit dung rat phd bién, nhat 14 KTC Wald (Brown et
al., 2001, 2002). KTC Wald rat d& tinh toan, ngay
ca khi thyc hién thu cdng khong co6 sy trg gitp cua
cac phan mém théng ké, so voi nhimg KTC khéac
nhu Agresti-Coull (1998), Clopper-Pearson (1934),
Wilson (1927), ... do d6, phan 16n cac giao trinh dai
hoc chuyén nganh khoa hoc stc khoe ¢ Viét Nam
déu chi trinh bay KTC Wald ma khéng c6 nhiing
KTC khac thay thé khi nhiing diéu kién cua KTC
Wald bi vi pham. Mot sé tac gia ciing da chi ra
nhuoc diém ciia KTC Wald va dé xuat thay thé bang
cac khoang khac nhu Per Gosta Andersson (2023),
Brown, L., Cai, T. and DasGupta, A. (2001, 2002).

Diédu ndy c6 thé din dén nhitng két luan sai 1am
cua sinh vién (SV) trong qua trinh hoc tri thirc nay
do KTC vuot ra ngoai doan [0; 1]. Mot trong nhitng
sai 1am s& xay ra khi ty 1& gdn bang 0 (nhu khi nghién
clru vé cac bénh hiém) hodc gan bang 1 (khi déanh
gia d6 chinh xac cua mdt xét nghiém: do nhay, do
dac hi¢u).
2. N§i dung nghién ctru
2.1.KTC Wald

KTC cho ty 1& p dua trén phan phdi x4p xi chuin
dugc gidi thiéu phd bién trong cac gido trinh dai hoc
& Viét Nam 1a KTC tiéu chuan (KTC Wald).

U'dc lugng KTC ciia ty 1¢ tong thé p, thong qua ty

18 miu p= k trong d6 k 13 s phan tir ¢6 dic tinh X
n

96

can udc lugng trong n phan tir cia mu, 1 bai toan
xdc dinh khoang (p , p,) sao cho P(p.<p<p,)=1-
a, voi (1 - o) =Y la do tin cay cho trude. )

Xét bién ngau nhién Y ~ B(n; p) c6 phan phoi nhi
thirc voi u=E(Y)=np;c’ =D(Y)=np(1-p).

Ngudi ta chimg minh dugc rang khi n kha 16n sao
cho nmin{p,1- p}>10 thi ty 1¢ mau p s& c6 phan phdi
xép xi PPC vdi trung binh E (p)=p vaphuong sai
D(f))zip(ln_p) tic 1a p~ N(p,p(ln_p)].

Vay v6i bién ngdu nhién z~n(0,1) thi
P(-z,,<Z<z ,)=1-a.

(b= p)Nn

Do p~N(p.p(1-p)/n)nén Z = ~N(0,1)

Khi do:
P[—z] i <Z<z]_d]=1—a®P[—zl i <(\7ﬂ;<zl a}:l—a
) - 5

p(l-p)
p(1-p) ’p(l‘p)J:1_a
n n
Vay v6i do tin cdy (y =1-a ) cho trude, ty 1¢ tong
thé p dugc xac dinh

2
Spép—zl_g
2

=4 P[p—z ”
1-=
2

Voéi p,=p-C

Thong thuong KTC cho ty 18 p duoc viét 1a:
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Cl,=p+C

VéiC=z,,, lagidtrithbaman P(|Z|>C)=1-a/2
va Z 1a bién ngiu nhién c¢6 phan phdi chuan tic, ky
hi¢ula Z ~ N(0;1).

KTC trong (1) dugc goi 1a KTC Wald vi né xuat
phat tir thir nghiém mau 16n Wald cho truong hop
nhi thirc. KTC Wald rat dé tinh toan ngay ca khi tinh
toan thii cong. Mirc do phd bién cta no trong thong
ké hau nhu khong c6 tri thirc nao c6 thé so sanh dugc.

Tuy nhién, nguoi ta thira nhan rong rai réng Xac
sudt bao phu thuc té cia KTC Wald 1a kém khi p gan
0 hoac 1. Trong cac gido trinh giang day dai hoc,
KTC Wald thuong duogc trinh bay kém theo 161 canh
baorangné chinéndugc st dungkhi nmin p(1- p)>5
(hodc 10) (*)

Vi du: Xét nghiém T dugc thuc hién trén 110
ngudi trong quan thé D ¢ 3 ngudi duong tinh.

Tim KTC 95% cho ty 1¢ duong tinh cua T.

Néu khong chi y dén diéu kién (*) ma thuc hién
ngay KTC Wald sé& c6 két qua:

. 3
p= 10" 0.027

0.027(1-0.027)
110

I p(1-p)
n

waa =PEC =0.027+1.96

=0.027£0.03 =[~0.003;0.057]

R& rang day 1a mot két qua sai vi KTC cho ty 18
chura khoang am.

Pé khic phuc nhuge diém nay, nhat 1a khi ty 16 p
rat gan 0 hodc rt gan 1 thi c6 thé sir dung cac KTC
dugc dé xudt bao gdm Clopper—Pearson, Wilson va
Agresti-Coull.

2.2. KTC Agresti-Coull

KTC nay ciing kha dé tinh toan va c6 hinh thirc rat
gidng KTC Wald. Cong thic tinh KTC 1a Agresti-
Coull 1a:

p(1-p)

—(2)

n

Cl,.=p+C

feo~ . X+2
V&1 i=n+4;p= *
n+4

min P(|Z|>C)=1-a/2 va Z la bién ngdu nhién c6

va C=z_,, la gid tri thoa

phan phéi chuan tic, ky hiéu 1a Z ~ N(0;1).
Trong vi du trén:
ientd=110+4=114p=2"2_3¥2 5
n+4 110+4 114
Thay vao cong thuc (2) ta c6 KTC Agresti-Coull
la:
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RN P
114\ 114

. p(1-p) 5
Cl. =p+C =2 4196
ac =P P 114 114
— 0,044 £0.038 =[0.006;0.082]
2.3. KTC Wilson

KTC nay do Edwin Bidwell Wilson dé xuat vao
nam 1927. Khac v6i KTC tiéu chuin, KTC Wilson
1a KTC khong dbi xtmg. KTC nay dugc st dung voi
mot sb it 1an thir nghiém (n < 40) va/hodc ty 1é cta
bién ¢b can quan tim 1a nhitng gia tri rat gan 0 hoc 1.

KTC Wilson c6 dang:

2k + C? C . ~ C?
Cly =t np (1= p)+ = (3)
2(n+C2) n+C 4
Trong vi du
2 2
c1, = 2x3+1.96 N 1.96 2 110xi[1—i)+1'96
2(110+1.962) 110+1.96 1o\ 110 4

=[0.009;0.077]

2.4. KTC Clopper-Pearson

1Y
G+—

1+F (8,9 )x—=L
(98)x—

-1
q

7] (4

z
2

<pZ|1+

D[R

F, la gia tri ngudng trong phan phdi Fisher véi
2

cac bac tu duogc tinh nhu sau:
9 =2(ng+1);9, =2np; 9 =2(np+1);9, =2nq
Trong vi du

=10
. 107 ) 3

8 =2(ng+1)=2[ 11052 1 1]=216;9, = 2np = 2x110x——=6

| =2(nd+1) [ “T10 j T

= F,(9.9)=F,yus(216,6)=4.88

D[R

& =2(np+1)=2 110x%+1j=8;194 =2né:2x110x%=214

= F, (%,9,) = F 5 (8,214) = 2.252
2

Thay vao cong thuc (4):

-1 -1

107 1 107
1+4.88x 110 110 1 <oy 110
3 2950 L, 3
110 ' 110 103
0.006 < p <0.078

Sau day chung toi tom tit két qua tinh todn KTC
bang cac phuong phap nhu da trinh bay & trén:
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Khoéng ,Sé 1511 C-;& T)";lé C@fl. C‘?‘“

thanh cong| mau | mau | dwéi | trén

Wald 3 110 | 0.027 |- 0.003 | 0.058
Clopper-Pearson exact 3 110 | 0.027| 0.006 | 0.078
Wilson 3 110 0.027 | 0.009 | 0.077
Agresti-Coull 3 110 | 0.027 | 0.006 | 0.081

Khi day hoc trén 16p va su dung trong phong thi,
tinh don gidn cua KTC trong qud trinh tinh toan cling
can phai xem xét. Dic biét 1a trong phong thi, néu
SV chi dugc phép sur dung may tinh cam tay (khong
sir dung phan mém hd trg) thi tinh don gian cang
phai dugc dat 1én hang dau. Xem xét cac yéu tb nay,
mot sb tac gia (Brown, L. D., Cai, T., & Dasgupta,
A, 2001) khuyén nghi rang dbi véi n < 40 thi nén
st dung khoang Wilson. Bdi voi n > 40, khoang
Wilson va Agresti-Coull déu rat gidng nhau, va do
d6 dang don gian nhat 1a khoang Agresti-Coull s&
1a lua chon tt. Ngay ca ddi v6i ¢ mau nho hon,
khoang Agresti-Coull van dugc wa chudng hon so
v6i khoang tiéu chuan.

Dé khiac phuc nhimg kho khin khi phai thyc
hién udc lugng KTC Clopper-Pearson, Wilson hoac
Agresti-Coull. Giang vién c¢6 thé huéng dan sinh
vién sir dung phan mém Stata 17 dé thyc hanh tinh
toan. Cu thé 13 cac cau 1énh sau day:

Pé tim KTC 95% cho ty 1& p, st dung 1énh: cii
prop 110 3, wald

Két qua nhu hinh 2.1.

Binomial Wald
[95% conf. interwval]

Variable | Obs Proportion Std. err.
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Néu sir dung KTC Agresti-Coull thi cau Iénh la:
cii prop 110 3, agresti

Agresti-Coull

Variable | 0Obs Proportion Std. err. [95% conf. interval]

| 110

Hinh 2.4. KTC Agresti-Coull trong Stata 17

3. Két ludn

Udc lugng KTC cho ty 1€ 1a mét trong nhitng noi
dung trong chuong trinh giang day xéc sut thong ké
o bac dai hoc tai Viét Nam. Trong cac giao trinh nay,
cac tac gid thuong chi trinh bay mét phuong phap
udc luong KTC tiéu chuan (KTC Wald) do viéc tinh
toan KTC nay kha nhanh chéng va dé dang ngay ca
khi thyc hién thu cong hodc phuong ti€n may tinh
cam tay don gian. Tuy nhién, khi diéu kién ciia KTC
Wald khong dugce thoa man thi cac KTC tim dugc co
thé khong hop 1¢ nhu tinh hudng trong bai bao nay
da chi ra. Dé khic phuc nhugc diém cua KTC Wald,
chiing t6i dé xuat str dung mot s KTC thay thé nhur
Clopper — Pearson, Wilson, Agresti—Coull. Trong cac
khoang thay thé nay, khoang Agresti-Coull 1a don
gian va dé thyuc hién nhét nén ching t6i dé xuat dua
KTC Agresti-Coull vao trong céc gido trinh thong ké
cho sinh vién hoc tap, nghién ctiru nham don gian hoa
qua trinh tinh toan va phu hop véi phuong phap hoc
va thi hién nay khi sinh vién chi duogc phép su dung
méy tinh cam tay trong gio thi c6 giéi han. Trong cac
bai giang trén 16p hodac trong cac nghién
ctru khoa hoc, giang vién c6 thé hudéng

.0272727 .0155297 .0058678 .08@581

| 11e 0272727 .9155297

The Wald interval was clipped at the lower endpoint.

Hinh 2.1. KTC tiéu chudn (khodng Wald) trong Stata 17
Do KTC cho ty I¢ chita khoang &m nén Stata c6
canh bao vé viéc cat bo gidi han dudi ciia khoang nay.
Néu sir dung KTC chinh xé4c (Cloper-Pearson) thi
su dung cau I¢énh: cii prop 110 3, exact
Két qua nhu hinh 2.2.

Binomial exact

-es77104  dan sinh vién sir dung phdn mém Stata
17 dé hd trg tinh toan cac KTC nay.
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