XAY DUNG KHOANG TIN CAY BANG MO PHONG PON GIAN TRONG R
THONG KE MAY TiNH & U'NG DUNG

(VG Quéc Hoang —09/12/2018)

1. Xay dwng khoang tin cdy cho ti lé

Gia st ta mudn khao sat ti 1& gidi tinh trong mot tédng thé (population) | tat ca cw dan cla mot
thanh phd. Tl tdng thé, ta thu thap dwoc mot mdu dir liéu ngdu nhién (random sample) gdm 100
ngudi trong dé c6 60 ni¥ va 40 nam. Dya vao mau dit lieu nay, ta xay dung khodng tin cdy
(confident interval) 95% cho ti |1é ni¥ cha thanh phé.

Goi p la tilé nit trong dan cu cla thanh phd, p 1a ti 1é nit trong mau dit liéu. Ta cé
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Ta khong biét tham sé (parameter) p 1a bao nhiéu, nhwng mét cch “hop ly”, ta cé thé dung théng
ké (statistic) p dé wdc lugng p. Tic 13, ta doan rang
p=p=0.6

Tuy nhién, ta khéng “tin cay” 13m vao wéc lwgng nay vi tuy theo mau di liéu thu thap ma ta cé
két qua uwdc lvong khac nhau. Thay vi dua ra mét gia tri wdc lwong, ta dwa ra mét khoang wdc
lvgng cho p, trong d6 cé tinh dén sy bién déng cda p theo mau dit lieu ¢c& n = 100 co thé thu
thap tir tong thé.

Xay dung khodng tin cdy bang cong thire ly thuyét:

Theo dinh ly gidi han trung tdm (central limit theorem), khi ¢c& mau n dd 16n, ta cé phdn phédi
mdu (sampling distribution) clia p “xap xi chuan”, tic la

p(1—p)
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Tur d6, ta c6 khoang wdc lwgng vai dé tin cdy (confident level) 1 — a chop la
D £ z1_q2s€
V@i z;_q /> la phdn vimirc 1 — a/2 cla phan phdi chuén tacZ ~ N(0,1), tic 13
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Con se la sai sé chudn (standard error) cta p, ticla

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

se = ,/Var(p) = M

n

Vi khéng biét gia tri clia p nén ta xap xi sai s6 chuan bang

V61 m =100, = 06,1~ & = 0.95 ta c6 @ = 0.05,71_g/2 = Zyors = 196,58 = |20 =
0.0490. Tlr d6, khoang tin cdy 95% cho p la

P+ 2,_g /25 = 0.6 + 1.96 x 0.0490 = [0.50,0.70]

Cac budc tinh toan trén cé thé thuc hién trong R nhu sau:

n <- 100; p_hat <- 0.6; (anpha <- 1 - 0.95)

(z <- gnorm(1 - anpha/2))

(se <- sqrt(p_hat*(1 - p_hat)/n))

(conf_int <- p_hat + c(-z*se, z*se))
0.5039818 0.6960182

Hodc cé thé thuc hién nhanh bang ham prop.test nhu sau:

prop.test(60, 100, conf.level = 1 - anpha)
1-sample proportions test with continuity correction

data: 60 out of 100, null probability 0.5
X-squared = 3.61, df = 1, p-value = 0.05743
alternative hypothesis: true p is not equal to 0.5
95 percent confidence interval:

0.4970036 0.6952199

Lwu y, vi prop. test dung cdng thirc khac (dwa trén phan phdi Chi-binh phuong) nén két qua tinh
c6 khdac chut xiu so vdi cach dung cdng thirc dya trén phan phdi chuin & trén.

Xay dung khodng tin cdy bang md phdng trong R:

Mb ta dit liéu va thdng ké twong (rng

n <- 100
data <- c(rep(1l, 60), rep(Q, 40)) #mau dir 1iéu gom 60 nir, 40 nam
stat <- function(data) #thong ké can tinh
{
return(sum(data)/length(data)) #ti 1é miu
}
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Mot mdu bootstrap (bootstrap sample) |a mau cung c& dwoc 18y c6 hoan lai trén chinh di liéu.
Bang cach Iay nhiéu mau bootstrap va tinh thdng ké tuwong (ng, ta cé tap két qua thé hién su
bién déng cla théng ké theo mau, goi 1a phdn phdi bootstrap (bootstrap distribution). Ki thuat
mo phong nay dugc goi la bootstrap (bootstrapping).

bootstrap <- function(B)

{
return(replicate(B, stat(sample(data, n, replace = TRUE))))

}

Chay vé&i s6 lwvgng mau bootstrap B dd Ién thi phap phéi bootstrap cé thé dugc dung dé “xap xi”
phan phoi mau. Tir d6 ta cé thé 18y do léch chudn (standard deviation) cGa phan phéi bootstrap
dé “xap xi” cho sai s& chuan cta théng ké twong (rng va |y khodng phdn vi (percentile) clia phan
phdi bootstrap dé “xap xi” cho khoadng tin cdy cla tham s6 tuong tng. Cling lwu v 13 mdi an chay
s& c6 két qua khac nhau do ngdu nhién.

Chédng han thir véi B = 10000

anpha <- 1 - 0.95

boots dist <- bootstrap(10000)

(se_boots <- sd(boots_dist))
0.04881839

(confint_boots <- quantile(boots_dist, c(anpha/2, 1 - anpha/2)))
2.5% 97.5%
0.5 0.7

Vay sai s6 chun xap xi bang bootstrap |3 0.0488 va khoang tin cdy 95% cho p dya trén bootstrap
13 [0.50, 0.70]. Cac két qua nay rat giéng vdi cac két qua tinh bang cong thirc ly thuyét.

2. Xay dwng khoang tin cdy cho ki vong

Gia st ta mudén khao sat chiéu cao trung binh cia mot tong thé |a tat ca cw dan cia mét thanh
phd. Tr téng thé, ta thu thap dwoc mot mau dit liéu ngau nhién gdbm chiéu cao cla 40 ngudi nhu
bang duwdi. Dwa vao mau dit liéu nay, ta xay dung khodang tin cady 95% cho chiéu cao trung binh
cla téng thé.

Bang dit liéu chiéu cao 40 ngudi (don vi mét)
156 147 159 165 162 178 1.69 149 192 1.55
165 152 165 160 171 148 169 165 159 1.74
1.70 161 158 165 175 165 146 153 159 1.62
160 155 157 146 157 163 146 168 153 148

Goi u 1a chiéu cao trung binh cGa cu dan thanh phé, x |a chiéu cao trung binh cia n = 40 nguoi
trong mau dit liéu. Ta ¢
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Ta khéng biét tham s u 1a bao nhiéu, nhung mét céch “hop Iy”, ta cé thé dung théng ké x dé

wéc lwgng p. Tle 13, ta doan rang
u=x=161

Tuy nhién, ta khéng “tin cdy” 13m vao wéc lwgng nay vi tuy theo mau dir liéu thu thap ma ta cé
két qua uwdc lvong khac nhau. Thay vi dua ra mét gia tri wdc lwong, ta dwa ra mét khoang wdc
lwong cho p, trong d6 cé tinh dén sy bién dong clia X theo mau dit liéu c& n = 40 cé thé thu
thap tir tong thé.

Xdy dung khodng tin cdy bdng céng thire ly thuyét:

Theo dinh ly gi¢i han trung tdm, khi c& mau n dud 1&n, ta cé phan phéi mau cla X “xap xi chuan”,

tirc 13
N o’
X~ ,—
H n

Véi 02 1a phuong sai cta dit liéu ma & day la phuong sai clia chidu cao clia mét ngudi trong téng
thé. Tir d6, ta c6 khodng udc lwong 1 — a cho u 13

Xt z1_gpSe

V&i z1_q/, 1a phan vi mirc 1 — a/2 cGa phan phéi chuan tc Z ~ N(0, 1) con se la sai s6 chuan
clia x, tirc la

se = ,/Var(x) = %
n

Néu biét gid tri cla o, ta cd thé tinh dugc se bang cong thirc trén. Tuy nhién, thuwdng thi ta khong
biét gia tri clia g, khi d6 ta cé thé xap xi sai s6 chuan bang

Voi n = 40,% = 1.61,5 = 0.0985,1 — @ = 0.95 ta c6 @ = 0.05,2_4/; = Zg.975 = 1.96,58 =

S—

A 0.0156. Tir d6, khoang tin cdy 95% cho u la

%+ 21 gjp5e = 161+ 1.96 x 0.0156 = [1.58,1.64]

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

That ra cong thirc wéc lugng trén chua tét 1am vi khi dung s thay cho o thi ta ¢ thé dung phan
phdi Student dé xap xi t&6t hon phan phdi chuin, cu thé ta cé

X —pu
S/ ~lp-1
Tl d9, ta cé khoang uwéc lwgng 1 — a cho u la
X+ trll:f/zse
leﬂ’a/Iaphénvhn&cl——a/2cﬁaphénph6iSUMentvdibécnxdolén-—lqt&cb

P(%,1<t1“”)—Ju—glwyP(%.l— ifﬂ)—

— "n—1
Vmn—40x—161s—0mm51—a—095mcoa—ooaﬁf”_tgﬂ—zozﬁz
\/_ﬁ = 0.0156. T d6, khoang tin cdy 95% cho u tinh dua trén phan phdi Student la

xXtt ff/ se =1.61 +2.02 X 0.0156 = [1.58, 1.64]

Khi c¢& mau n 1&n thi khodng tin cay xay dwng dwa trén phan phdi chuan giéng nhu khoang tin cay
xay dwng dua trén phan phdi Student.

Cac budc tinh todn trén cé thé thyc hién trong R nhu sau:

data <- c(1.56, 1.47, 1.59, 1.65, 1.62, 1.78, 1.69, 1.49, 1.92, 1.55,
1.65, 1.52, 1.65, 1.60, 1.71, 1.48, 1.69, 1.65, 1.59, 1.74,
1.70, 1.61, 1.58, 1.65, 1.75, 1.65, 1.46, 1.53, 1.59, 1.62,
1.60, 1.55, 1.57, 1.46, 1.57, 1.63, 1.46, 1.68, 1.53, 1.48)
(n <- length(data)); (x_bar <- mean(data)); (anpha <- 1 - 0.95)
(se <- sd(data)/sqgrt(n))
(z <- gnorm(1 - anpha/2))
(zconf_int <- x_bar + c(-z*se, z*se))
1.576221 1.637279
(t <- gqt(2 - anpha/2, df = n - 1))
(tconf_int <- x_bar + c(-t*se, t*se))
1.575244 1.638256

Hodc cé thé thyc hién nhanh bang ham t.test nhu sau:
t.test(data, conf.level = 1 - anpha)

One Sample t-test

data: data

t = 103.16, df = 39, p-value < 2.2e-16

alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
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1.575244 1.638256

Xay dung khodng tin cdy bdng mé phdng trong R:

V&i dit liéu d3 dwoc nhap nhu trén, ta mo ta thém thdng ké twong ng (& day la trung binh mau)
va ham thuc hién bootstrap nhu phan 1

stat <- function(data) #thong ké can tinh
{
return(mean(data)) #ti 1é mau
}
bootstrap <- function(B)
{

return(replicate(B, stat(sample(data, n, replace = TRUE))))
}

Chay th{r véi B = 10000

anpha <- 1 - 0.95

boots_dist <- bootstrap(10000)

(se_boots <- sd(boots_dist))
0.01533063

(confint_boots <- quantile(boots_dist, c(anpha/2, 1 - anpha/2)))
2.5% 97.5%
1.57725 1.63725

Vay sai s& chudn xap xi bang bootstrap 13 0.0153 va khoang tin cdy 95% cho u dwa trén bootstrap
13 [1.58, 1.64]. C4c két qua nay rat giéng vdi cac két qua tinh bang cong thirc ly thuyét.

Lwu y la code chay md phéng trong phan 2 nay hoan toan gidng code chay mé phong trong phan
1, chi khdc ham tinh théng ké (& day la trung binh m3u so véi phan 1 1a ti 1é mau).

3. Xay dwng khoang tin cdy cho trung vi

Gia st cung t6ng thé& va mau dit liéu & phan 2 nhwng ta muén xay dung khodng tin cay 95% cho
trung vi (median) thay vi trung binh cda chiéu cao. Mac du trung binh thudng dugc s& dung nhu
| con s6 md ta trong tdm cla phan phdi, nd lai rat nhay cam véi ngoai Ié (outlier). Nghia 13, trung
binh thay d6i rat nhiéu khi mau dit liéu cé ngoai lé. Chang han trong mau di liéu & phan 2 ta cé
mot dit liéu 13 1.92, 1&n hon rat nhiéu so vdi cac dit liéu con lai. (Trong trudng hop nay, day cé
thé 1a chiu cao clia mot ngudi nudc ngoai, d3 b 18y mau nham®@)). Ta c6 thé thay ngoai 1& nay
qua d6 thi hép nhu sau

boxplot(data)
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Trong nhitng trudng hop nhu thé nay ta cé thé dung trung vi la mot théng ké it bi anh hudng béi
ngoai lé. Viéc xay dung khoang tin cdy cho trung vi phirc tap hon cho trung binh. Tuy nhién, vdi
phuong phap téng quat va don gidn nhu bootstrap, ta dé dang lam duwoc diéu nay.

V@i di¥ liéu va doan ma bootstrap nhu phan 2, ta chi can sira lai théng ké twong (ng dé tinh trung
vi clla mau thay vi trung binh

stat <- function(data) #thong ké can tinh
{

return(median(data)) #trung vi mau
}

Chay th{r véi B = 10000

anpha <- 1 - 0.95

boots_dist <- bootstrap(10000)

(se_boots <- sd(boots_dist))
0.01854741

(confint_boots <- quantile(boots dist, c(anpha/2, 1 - anpha/2)))
2.5% 97.5%
1.57 1.65

Vay sai s6 chudn va khoang tin cdy 95% cho trung vi xap xi bang bootstrap 1 0.0185 va

[1.57,1.65]. Luu y la code chay md phong trong phan nay hoan toan giéng code chay mé phéng
trong 2 phan trén, chi khac ham tinh théng ké (& day |a trung vi mau).
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