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Gi&i thiéu R

Phan tich s6 lidu va biéu do thuong duoc tién hanh bang cac phan mém thong
dung nhu SAS, SPSS, Stata, Statistica, va S-Plus. DAy 1a nhiing phan mém duoc cac
cong ti phan mém phat trién va gidi thiéu trén thi trudng khoang ba thap nién qua, va da
duogc cac truong dai hoc, cac trung tdm nghién ciru va cong ti ki nghé trén toan thé gidi
su dung cho giang day va nghién ciru. Nhung vi chi phi dé s dung cac phan mém nay
tuong dbi dat tién (co khi Ién dén hang trim ngan do-la mdi ndm), mot sd trudng dai hoc
0 cac nudc dang phat trién (va ngay ca & mot sd nudc da phat trién) khong c6 kha ning
tai chinh dé s dung chung mét cach lau dai. Do do, cac nha nghién ciu thong ké trén
thé gi6i da hop tac v6i nhau dé phat trién mot phan mém moi, véi chu trurong ma ngudn
md, sao cho tat ca cac thanh vién trong nganh théng ké hoc va toan hoc trén thé gidi co
thé str dung mot cach thong nhit va hoan toan mién phi.

Nam 1996, trong mot bai bao quan trong vé tinh toan thong ké, hai nha thng keé
hoc Ross Thaka va Robert Gentleman [luc d6] thuoc Truong dai hoc Auckland, New
Zealand phat hoa mot ngdn ngit méi cho phan tich théng ké ma ho dit tén 1a R [1]. Sang
kién nay duogc rat nhiéu nha thong ké hoc trén thé gidi tan thanh va tham gia vao viéc
phat trién R.

Cho dén nay, qua chua ddy 10 nam phat trién, cang ngay cang co nhiéu nha théng
ké hoc, toan hoc, nghién ctru trong moi linh vuc dd chuyén sang sir dung R dé phan tich
dir liéu khoa hoc. Trén toan cau, da c6 mot mang ludi hon mot triéu nguoi su dung R,
va con sb nay dang ting rat nhanh. Co thé néi trong vong 10 nim nita, vai tro ciia cac
phan mém théng ké thuong mai s& khéng con 16n nhu trong thoi gian qua nita.

Vay R 1a gi? No6i mét cach ngin gon, R 1a mot phan mém sir dung cho phan tich
thong ké va vé& biéu d6. That ra, vé ban chat, R 1a ngdn ngit may tinh da ning, co thé st
dung cho nhiéu muc tiéu khac nhau, tir tinh toan don gian, toan hoc giai tri (recreational
mathematics), tinh toan ma tran (matrix), dén cac phan tich théng ké phtre tap. Vi la mot
ngon ngir, cho nén ngudi ta co thé sir dung R dé phat trién thanh cac phdn mém chuyén
mén cho mdt vin dé tinh toan ca biét.

Vi thé, nhitng ai 1am nghién ctru khoa hoc, nhat 1a & cac nuée con nghéo khéd nhu
nudc ta, can phai hoc cach str dung R cho phén tich thong ké va d6 thi. Bai viét ngan
nay s& huéng din ban doc cach sir dung R. Toi gia dinh rang ban doc khong biét gi vé
R, nhung t6i ki vong ban doc biét qua vé cach sir dung may tinh.

1. Tai R xudng va cai dat vao may tinh
Pé st dung R, viéc dau tién 1a ching ta phai cai dit R trong may tinh cta minh.

Pé lam viéc nay, ta phai truy nhap vao mang va vao website co tén 1a “Comprehensive R
Archive Network” (CRAN) sau day:

http://cran.R-project.org.
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Tai liéu can tai vé, tiy theo phién ban, nhung thudng cé tén bat dau bang mau ty
R va s0 phién ban (version). Chang han nhu phién béan t6i st dung vao cudi nam 2005 la
2.2.1, nén tén cua tai li€u can tai la:
R-2.2.1-win32.zip
Tai liéu nay khoang 26 MB, va dija chi cu thé dé tai 1a:

http://cran.r-project.org/bin/windows/base/R-2.2.1-win32.exe

Tai website nay, chung ta c6 thé tim thay rat nhiéu tai liéu chi dan cach str dung
R, du trinh d9, tr so dang dén cao cap. Néu chua quen vai tieng Anh, tai liéu nay cua toi
c6 thé cung cap nhiing thong tin can thiét dé sir dung ma khong can phai doc céc tai li¢u
khac.

Khi di tai R xubng may tinh, budc ké tiép 1a cai dat (set-up) vao may tinh. Dé
lam viéc ndy, ching ta chi don gian nhan chudt vao tai lidu trén va lam theo huéng dan
cach cai dit trén man hinh. Pay 1a mt budc rat don gian, chi can 1 phut 1a viéc cai dat R
c6 thé hoan tat.

Sau khi hoan tat viéc cai dat, mot icon

=

L

R 2.2.1.Ink

s& xudt hién trén desktop cia may tinh. Pén day thi chung ta da san sang sir dung R. Co
thé nhap chudt vao icon nay va ching ta sé c6 mot window nhu sau:
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Fle Edkt Msc Packages Windows Help

- R Console [z”i”z‘

R : Copyright 2005, The R Foundation for Statistical Computing
Version 2.2.1 (2005-12-20 r36812)
ISBEN 3-900051-07-0

R iz free software and comes with AESOLUTELY NO WARRANTY.
You are welcome te redistribute it under certain conditions.
Type 'license ()" or '"licence()' for distribution details.

Matural language support but running in an English locale

R 1s a collaborative project with many contributors.
Type 'contributors()' for more information and

"citation()' en how to cite R or R packages in publications.
Type 'demo()' for some demos, Thelp()' for on-line help, or
"help.start ()' for an HTML browser interface to help.

Type 'q()? te quit R.

> 1

R 2.2.1 - A Language and Environment

V4 start

2. Tai R package va cai dat vao may tinh

R cung cip cho ching ta mot * ‘ngdn ngr” may tinh va mot sO function dé 1am cac
phan tich can ban va don gian. Néu mudn 1am nhing phan tich phtre tap hon, ching ta
can pha1 tai vé may tinh mot s6 package khac Package la mot phan mém nhé dugc cac
nha thong ké phat trién dé giai quyét mot van dé cu thé, va c6 thé chay trong hé thong R.
Chéng han nhu dé phan tich hdi qui tuyén tinh, R c6 function 1m dé st dung cho muc
dich nay, nhung dé lam cac phan tich sdu hon va phtic tap hon, chung ta cin dén cac
package nhu Ime4. Cac package nay can phai dugc tai vé va cai dat vao may tinh.

Dia chi dé tai cac package van la: http://cran.r-project.org, r6i bam vao phan
“Packages” xuat hién bén trai cia muc luc trang web. Theo t6i, mdt sO package can tai

vé may tinh dé sir dung cho cac phén tich dich t& hoc 1a:

Tén package Chirc nang

trellis Dung dé vé& do thi va 1am cho d6 thi dep hon

lattice Dung dé v& d6 thi va lam cho db thi dep hon

Hmisc Mot s6 phuong phap mé hinh dit liéu cua F. Harrell

Design Mot s6 mé hinh thiét ké nghién ciru ciia F. Harrell

Fpi Dung cho cac phan tich dich té hoc

epitools Mot package khac chuyén cho cac phan tich dich t& hoc

Foreign Dung dé nhép dir lidu tir cic phan mém khéac nhu
SPSS, Stata, SAS, v.v...

Rmeta Dung cho phan tich tong hop (meta-analysis)

meta Mot package khac cho phén tich tong hop
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survival Chuyén dung cho phén tich theo mé hinh Cox (Cox’s
proportional hazard model)

Zelig Package ding cho cac phan tich théng ké trong linh
vuc xa hoi hoc

Genetics Package dung cho phén tich so liéu di truyén hoc

BMA Bayesian Model Average

Céc package nay c6 thé cai dat truc tuyén bang cach chon Install packages trong phan
packages cta R nhu hinh dudi day. Ngoai ra, néu package da duoc tai xuéng may tinh
c4 nhan, viéc cai dat c6 thé nhanh hon bang cach chon Install package(s) from local zip
file ciing trong phan packages (xem hinh duéi day).

Statistical Computing

Weesien 2.)  botel packagels] from kdl s fies. .

FET

R is free software and comes with AUSOLUTELY NO WARRANTY.
You ace welcome to redistcibute it under cestain conditicns.
Type 'llcense()’ or 'licénce (]’ for distribution details.

Hatural language Support but rumning in an English locale
B 18 & collsborative praject with my con:nnumu
' asd

' for moce 4
‘eitatian|)’ on how to cite R ar R nmuau in publicaticns.

Type 'Gemo()' 20r some demos, "help(]' fof on-lime help, of
"help.staze (]! for an HTHL browser interface to help.
Type ‘gl to quit R.

|

R i1 - A Languags and Ervironment

3. “Van pham” R

R 1a mot ngdn ngir twong tac (interactive language), c6 nghia la khi ching ta ra
Iénh, va néu 1énh theo dang “vin pham”, R s& “dap” lai bang mot két qua. Va, sy twong
tac t1ep tuc cho dén khi chung ta dat duoc yéu cau. “Van pham” chung cua R 1a mét 1énh
(command) hay function (t6i s& thinh thoang dé cdp dén 1a “ham”). Ma da la ham thi
phai c¢6 thong s6; cho nén theo sau ham 1a nhitng thong s6 ma chiing ta phai cung cap.
Cu phap chung cia R 1a nhu sau:

dbéi tuong <- ham(théng sb 1, théng sb 2, .., théng sb n)
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Chang han nhur:
> reg <- Im(y ~ X)

thi reg 1a mot d6i tugng (object), con 1m 1a mdt ham, va y ~ x 1a thong sd ctia ham.
Hay:

> setwd (“c:/works/stats”)
thi setwd 12 mot ham, con “c: /works/stats” lathong sb clia ham.

Dé biét mot ham can co nhimg thong sb nao, chung ta dung 1énh args (x), (args
viet tat chit arguments) ma trong dé x 1a mét ham chung ta can biét:

> args (lm)

function (formula, data, subset, weights, na.action, method = "qgr",
model = TRUE, x = FALSE, y = FALSE, gr = TRUE, singular.ok = TRUE,
contrasts = NULL, offset, ...)

NULL

R 12 mot ngdn ngir “dbi tugng” (object oriented language). Diéu ndy cd nghia 1a
cac dir lidu trong R duge chira trong object. Dinh hudng nay ciing c6 vai anh huong dén
cach viét cia R. Chang han nhu thay vi viét x = 5 nhu thong thudng chung ta van viét,
thi R yéu cau viét 1a x ==

P6i voi R, x = 5 tuong dwong véi x <- 5. Cach viét sau (dung ki hiéu <-)
dugc khuyén khich hon 1a cach viét trude (=). Chang han nhu:

> x <- rnorm(10)

c6 nghia 1a md phong 10 s liéu va chira trong object x. Chung ta ciing c6 thé viét x =
rnorm(10) .

Mot s6 ki hiéu hay dung trong R 1a:

5 x bang 5
=5 x khong bang 5
y nhé hon x
x 16n hon y
z nho hon hoic bang 7
p 16n hon hoic bang 1
a(x) C6 phai x 1a bién s6 trong khong (missing value)
B A vaB (AND)
B A hodc B (OR)

Khoéng 1a (NOT)

— X P E-TOON X KX X
\”//“\\//\
X
—~ B 4
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Véi R, tat ca cac cau chit hay 1énh sau ki hiéu # déu khong c6 hiéu tng, vi # 1a ki hiéu
danh cho nguoi st dung thém vao cac ghi chu, vi du:

> # 1énh sau day sé& mbé phéng 10 gid tri normal
> x <= rnorm(10)

3.1 Cach dat tén trong R

Pit tén mot ddi tuong (object) hay mot blen s6 (variable) trong R kha linh hoat,
vi R khong c6 nhiéu gii han nhu cac phan mém khac. Tén mot object phai dugc viét
lién nhau (tirc khong duoc cach roi bang mot khoang tréng). Chang han nhu R chip
nhan myobject nhung khéng chip nhan my object.

> myobject <- rnorm(10)
> my object <- rnorm(10)
Error: syntax error in "my object"

Nhung d6i khi tén myobject kho doc, cho nén ching ta nén tic rdi bang “.” Nhu
my.object.

> my.object <- rnorm(10)

Mot diéu quan trong can luu ¥ 1a R phén biét mau ty viét hoa va viét thuong. Cho nén
My .object khac voi my.object. Vidu:

> My.object.u <- 15

> my.object.L <- 5

> My.object.u + my.object.L
[1] 20

Mot vai diéu can luu y khi dat tén trong R 1a:

(134

e Khong nén dat tén mot bién s6 hay variable bang ki higu «_
my object hay my-object.

(underscore) nhu

e Khong nén dit tén mot object giéng nhu mot bién sd trong mot dir lidu. Vi du,
néu chung ta c6 mdt data . frame (dir liéu hay dataset) v6i bién sé age trong
do, thi khong nén c6 mot object tring tén age, tic 1a khong nén viét: age <-
age. Tuy nhién, néu data.frame tén 1a data thi ching ta c6 thé dé cap dén bién
s6 age v6i mot ki ty $ nhu sau: dataSage. (Tic la bién sé age trong
data.frame data), va trong truong hop 4o, age <- dataSage c6 thé chip
nhan duoc.

3.2 H6 tro trong R
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Ngoai 1énh args () R con cung cép 1énh help () dé ngudi sir dung c6 thé hiéu
“van pham” cua ting ham. Ching han nhu muon biét ham 1m cé nhiing thong so6
(arguments) nao, chung ta chi don gian lénh:

> help(lm)
hay
> ?1m

Mot ctra s6 s€ hién ra bén phdi ciia man hinh chi o céch str dung ra sao va tham chi c6 ca
vi du. Ban doc c6 thé don gian copy va dan vi du vao R dé xem cach van hanh.

Trudce khi sir dung R, ngoai sach nay néu can ban doc ¢ thé doc qua phan chi dan
c6 san trong R bang cach chon muc help va sau d6 chon Html help nhu hinh duéi
day dé biét thém chi tiét. Ban doc ciing co thé copy va dan cac 1énh trong muc ndy vao R
dé xem cho biét cach van hanh cia R.

4. Cach nhap dir liéu vao R

Mubn 1am phén tich dir liéu bang R, chiing ta phai c6 san dit liéu & dang ma R ¢
thé hiéu dugc dé xtr li. Dir liéu ma R hiéu duogc phai 13 dit liéu trong mot data . frame.
C6 nhiéu cach dé nhap s6 liéu vao mot data. frame trong R, tir nhap truc tiép dén
nhap tur cac nguon khac nhau. Sau day la nhitng cach thong dung nhat:

4.1 Nhap sé liéu trwe tiép: c ()

Vi du 1: ching ta ¢6 s6 li€u vé do tuoi va insulin cho 10 bénh nhan nhu sau, va
muon nhap vao R.

50 16.5
62 10.8
60 32.3
40 19.3
48 14.2
47 11.3
57 15.5
70 15.8
48 16.2
67 11.2

Chung ta c6 thé str dung function c¢6 tén ¢ nhu sau:

> age <- c(50,62, 60,40,48,47,57,70,48,67)
> insulin <- c(16.5,10.8,32.3,19.3,14.2,11.3,15.5,15.8,16.2,11.2)

10
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Lénh thtr nhét cho R biét rang chung ta mudn tao ra mot cot dir lidu (tir nay toi s&
goi la bién s6, tirc variable) c6 tén 1a age, va 1€nh thir hai 1a tao ra mdt ¢t khac cé tén la
insulin. Tt nhién, chung ta c6 thé ldy mot tén khac ma minh thich.

Chung ta dung function c (viét tit cta chit concatenation — ¢ nghia 1a “méc
nbi vao nhau”) dé nhap dir liéu. Cha ¥ rang mdi s6 liéu cho mdi bénh nhan duoc cach
nhau bang mot dau phay.

Ki hiéu insulin <- (ciing c6 thé viét 1a insulin =) c6 nghia la cac s liéu
theo sau s& c6 nam trong bién s insulin. Chung ta s& gip ki hiéu nay rat nhiéu lan
trong khi str dung R.

R 1a mdt ngén ngit cdu trac theo dang d6i tuong (thuat ngir chuyén mon la
“object-oriented language”), vi mdi cot sb licu hay mdi mot data.frame 1a mot ddi
tuong (object) dbi véi R. Vi thé, age va insulin 14 hai dbi tuong riéng 1é. Bay gid

ching ta can phai nhap hai d6i twong niy thanh mot data . frame dé R c6 thé xir li sau
nay. D¢ lam viéc nay chung ta can dén function data. frame:

> tuan <- data.frame (age, insulin)

Trong 1énh nay, ching ta muén cho R biét rang nhap hai cot (hay hai dbi tugng) age va
insulin vao mdt doi tugng cd tén la tuan.

Dén déy thi chung ta dd c6 mot ddi tuong hoan chinh dé tién hanh phan tich thong ké.
D¢ kiém tra xem trong tuan coé gi, ching ta chi can don gian go:

> tuan
Va R sé bao cao:

age insulin

1 50 16.5
2 62 10.8
3 60 32.3
4 40 19.3
5 48 14.2
6 47 11.3
7 57 15.5
8 70 15.8
9 48 16.2
10 67 11.2

Néu ching ta mudn luu lai cac sé liéu nay trong mot file theo dang R, ching ta
can dung 1énh save. Gid dy nhu ching ta mudn luu s6 li€u trong directory c6 tén la
“c:\works\insulin”, chung ta can gd nhu sau:

> setwd (“c:/works/insulin”)
> save (tuan, file="tuan.rda”)

11
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Lénh dau tién (setwd — chit wd co nghia 1a working directory) cho R biét réng
ching ta muén luu cac s6 ligu trong directory c6 tén la “ci\works\insulin”.  Luu y rang
thong thuong Windows dung diu backward slash “/”, nhung trong R chung ta dung dau
forward slash “/”.

Lénh tht hai (save) cho R biét ring cac sb liéu trong ddi twong tuan s& luu
trong file c6 tén la “tuan.rda”). Sau khi gd xong hai I¢nh trén, mot file c6 tén
tuan.rda s€ c6 mat trong directory do.

4.2 Nhap sb liéu truwc tiép: edit (data.frame())

Vi du 1 (tiép tuc): chuing ta c6 thé nhap s6 liéu vé d6 tudi va insulin cho 10 bénh
nhan bang mot function rat co ich, d6 la: edit (data.frame () ) . Vi function nay,
R s& cung cép cho chiing ta mot window méi v6i mot diy cot va dong gidng nhu Excel,
va chung ta c6 thé nhap s6 lidu trong bang d6. Vi du:

> ins <- edit(data.frame())

Chung ta s€ c6 mot ctra s6 nhu sau:

O day, R khong biét chung ta c¢6 bién s6 ndo, cho nén R liét ké cac bién s varl,
var2, v.v... Nhap chudt vao cot var1l va thay doi bang cach go vao d6 age. Nhap
chudt vao cft var?2 va thay doi bang cach go vao d6 insulin. Sau do go so li¢u cho
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tung cot. Sau khi xong, bam nit chéo X ¢ goc phai cua spreadsheet, chung ta s& c6 mot
data.frame t€n ins véi hai bién s6 age va insulin.

4.3 Nhap sé liéu tir mot text file: read. table

Vi du 2: Chung ta thu thap sé liéu vé d6 tudi va cholesterol tir mot nghién ciru &
50 bénh nhan mic bénh cao huyét ap. Cac s6 liéu nay duogc luu trong mot text file co tén
la chol.txt tai directory c: \works\insulin. S liéu nay nhu sau: cot 1 1a ma $6
cua bénh nhan, cot 2 la gidi tinh, cft 3 1a body mass index (bmi), cot 4 1a HDL
cholesterol (viét tat 1a hdl), ké dén 1a LDL cholesterol, total cholesterol (tc) va
triglycerides (tg).

id sex age bmi hdl 1d1 tc tg
1 Nam 57 17 5.000 2.0 4.0 1.1
2 Nu 64 18 4.380 3.0 3.5 2.1
3 Nu 60 18 3.360 3.0 4.7 0.8
4 Nam 65 18 5.920 4.0 7.7 1.1
5 Nam 47 18 6.250 2.1 5.0 2.1
6 Nu 65 18 4.150 3.0 4.2 1.5
7 Nam 76 19 0.737 3.0 5.9 2.6
8 Nam 61 19 7.170 3.0 6.1 1.5
9 Nam 59 19 6.942 3.0 5.9 5.4

10 Nu 57 19 5.000 2.0 4.0 1.9

46 Nu 52 24 3.360 2.0 3.7 1.2

47 Nam 64 24 7.170 1.0 6.1 1.9

48 Nam 45 24 7.880 4.0 6.7 3.3

49 Nu 64 25 7.360 4.6 8.1 4.0

50 Nu 62 25 7.750 4.0 6.2 2.5

Chung ta mu6n nhap céc dit liéu nay vao R dé tién viéc phan tich sau nay. Chung
ta s€ su dung Iénh read. table nhu sau:

> setwd (“c:/works/insulin”)
> chol <- read.table("chol.txt", header=TRUE)

Lénh thir nhat ching ta muén dam bao R truy nhap ding directory ma sb liéu
dang duoc luu gitr. Lénh thi hai yéu cau R nhép s liéu tir file c6 tén 1 “chol.txt”
(trong directory c:\works\insulin) va cho vao d6i tugng chol. Trong lénh nay,
header=TRUE c6 nghia 13 yéu cau R doc dong dau tién trong file d6 nhu 13 tén cia
tung cot dir kién.

Chung ta c6 thé kiém tra xem R da doc hét cac dir liéu hay chua béng cach ra 1énh:
> chol

Hay
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> names (chol)

R s€ cho biét ¢6 cac cot nhu sau trong dir liéu (names la 1énh hoéi trong dir liéu cé nhitng
cOt nao va tén gi):

[l] "id" "SeX" "age" "bmi" "hdl" "ldl" "tC" "tg"
Bay gio chung ta c6 thé luu dir liéu dudi dang R dé xir 1i sau niy bang cach ra lénh:

> save (chol, file="chol.rda")

4.4 Nhap sé liéu tir Excel: read.csv
Dé nhap s6 liéu tir phan mém Excel, chiing ta can tién hanh 2 budc:

e Budc 1: Dung 1€nh “Save as” trong Excel va luu s6 liéu dudi dang “csv’;
e Budc 2: Dung R (Iénh read. csv) dé nhap dit liéu dang csv.

Vi du 3: Mot dir lidu gdm cac cot sau day dang dugc luu trong Excel, va ching ta mudn
chuyén vao R d¢€ phan tich. Dt liéu nay c6 tén la excel.x1s.

ID Age Sex | Ethnicity IGFI | IGFBP3 ALS PINP | ICTP P3NP
1 18 1 1| 148.27 5.14 ] 316.00 61.84 | 5.81 4.21
2 28 1 1| 114.50 5.23 ] 296.42 98.64 | 4.96 | 5.33
3 20 1 1| 109.82 4.33 ] 269.82 93.26 | 7.74 4.56
4 21 1 1| 112.13 4.38 | 247.96 | 101.59 | 6.66 4.61
5 28 1 1] 102.86 4.04 | 240.04 58.77 | 4.62 4.95
6 23 1 41 129.59 4.16 | 266.95 48.93 | 5.32 3.82
7 20 1 1| 142.50 3.85 | 300.86 | 135.62 | 8.78 6.75
8 20 1 1| 118.69 3.44 | 277.46 79.51 | 7.19 5.11
9 20 1 1] 197.69 4.12 | 335.23 57.25 | 6.21 4.44

10 20 1 1] 163.69 3.96 | 306.83 74.03 | 4.95 4.84

11 22 1 1| 144.81 3.63 ] 295.46 68.26 | 4.54 3.70

12 27 0 2] 141.60 3.48 | 231.20 56.78 | 4.47 4.07

13 26 1 1| 161.80 4.10 | 244.80 75.75 | 6.27 5.26

14 33 1 1 89.20 2.82 | 177.20 48.57 | 3.58 3.68

15 34 1 3] 161.80 3.80 | 243.60 50.68 | 3.52 3.35

16 32 1 1| 148.50 3.72 | 234.80 83.98 | 4.85 3.80

17 28 1 1| 157.70 3.98 | 224.80 60.42 | 4.89 4.09

18 18 0 21 222.90 3.98 | 281.40 74.17 | 6.43 5.84

19 26 0 2] 186.70 4.64 | 340.80 38.05 | 5.12 5.77

20 27 1 2] 167.56 3.56 | 321.12 30.18 | 4.78 6.12

Viéc déu tién 1a ching ta can lam, nhu noéi trén, 1a vao Excel dé luu dudi dang csv:
e Vao Excel,chon File = Save as
e Chon Save as type “CSV (Comma delimited)”
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Sau khi xong, ching ta s&¢ c6 mot file voi tén “excel.csv” trong directory
“c:\works\insulin”.

Viéc thir hai 1a vao R va ra nhiing 1énh sau day:

> setwd (“c:/works/insulin”)
> gh <- read.csv ("excel.txt", header=TRUE)

Lénh thtr hai read.csv yéu cdu R doc sb liéu tir “excel.csv”, dung dong thu nhét 1a tén
cot, va Iuu cac so liéu nay trong mot object ¢o6 tén la gh.

Bay gio chung ta c6 thé luu gh dudi dang R dé xtr li sau nay bang 1énh sau day:

> save(gh, file="gh.rda")

4.5 Nhap sé liéu ttr mot SPSS: read. spss

Phan mém théng ké SPSS luu dir liéu dudi dang “sav”. Chéng han nhu néu
chung ta da c6 mot dir lidu co tén 1a testo.sav trong directory c:\works\insulin, va mudn
chuyén dit liéu nay sang dang R co thé hiéu dugc, chung ta can st dung lénh
read.spss trong package co tén 1a foreign. Céc lénh sau ddy s& hoan tat dé dang
viéc nay:

Viéc dau tién chiing ta cho truy nhap foreign bang lénh library:
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> library(foreign)

Viéc thir hai 1a Iénh read.spss:

> setwd (“c:/works/insulin”)
> testo <- read.spss(“testo.sav”, to.data.frame=TRUE)

Lénh thtr hai read.spss yéu cau R doc so li€u tir “testo.sav”, va cho vao mot
data.framecoténla testo.

Bay gio chung ta c6 thé luu testo dudi dang R dé xir li sau nay bang 1énh sau déy:

> save (testo, file="testo.rda")

4.6 Thong tin vé div liéu

Gia du nhu ching ta da nhap s6 liéu vao mot data.frame c6 tén 1a chol nhu trong vi du
1. Bé tim hiéu xem trong dir liu nay co gi, chung ta c6 thé nhap vao R nhu sau:

e Din cho R biét chung ta mudn xtt li chol bang cach dung 1énh attach (arg) véi
arg la tén caa dur li€u..

> attach (chol)

e Chung ta co thé kiém tra xem chol c6 phai 1a mét data.frame khong bang lénh
is.data.frame (arg) voi arg latén cua dir liéu. Vi du:

> is.data.frame (chol)
[1] TRUE

R cho biét chol qua 1a mot data.frame.

e C6 bao nhiéu cot (hay variable = bién s6) va dong sd liéu (observations) trong dit liéu
nay? Ching ta ding 1énh dim (arg) voi arg la tén cua dir liu. (dim viét tat chir
dimension). Vi du (két qua cua R trinh bay ngay sau khi chiing ta g6 1¢nh):

> dim(chol)
[1] 50 8

e Nhu véy, ching ta c6 50 dong va 8 cot (hay bién s). Vay nhimg bién sb nay tén gi?
Chung ta dung Iénh names (arg) voi arg la tén cua dir ligu. Vi du:

> names (chol)
[11 "id" "SeX" "age" "bmiﬂ thl" "ldl" "tC" "tgﬂ
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e Trong bién s6 sex, chung ta c6 bao nhi€u nam va nit? D¢ tra 101 cau hoi nay, ching
ta c6 thé dung 1énh table (arg) véi arg la tén ctua bién s6. Vi du:

> table (sex)

sex
nam Nam Nu
1 21 28

Két qua cho thay dit liéu ndy c6 21 nam va 28 ni.

4.7 Tao day sb bang ham seq, rep va gl

R con ¢ cong dung tao ra nhiing diy sb rat tién cho viéc mo phong va thiét ké thi
nghiém. Nhitng ham thong thuong cho day so 1a seq (sequence), rep (repetition) va
gl (generating levels):

Ap dung seq

e Tao ra mot vector sb tir 1 dén 12:
> x <= (1:12)
> x
[1] 1 2 3 4 5 6 7 8 910 11 12

(1] 1 2 3 4 5 6 7 8 910 11 12

e Tao ra mot vector sb tir 12 dén 5:
> x <—= (12:5)

> x

[1] 12 11 10 9 8 7 6 5
> seq(12,7)

[1] 12 11 10 9 8 7

Cong thue chung cua ham seqg la seq(from, to, by= ) hay seqg(from, to,
length.out= ). Cach st dung sé dugc minh hoa bang vai vi du sau day:

e Tao ra mot vector sd tir 4 dén 6 v&i khoang cach bang 0.25:
> seq (4, 6, 0.25)
[1] 4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75 6.00

e Tao ra mdt vector 10 s0, vdi s6 nho nhat 1a 2 va so 16n nhat 1a 15
> seq(length=10, from=2, to=15)

[1] 2.000000 3.444444 4.888889 6.333333 7.777778 9.222222
10.666667 12.111111 13.555556 15.000000
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Ap dung rep

Cong thue cua ham rep 1a rep(x, times, ...), trongdd, x 1a mdt bién sd va times
la s0 lan l1ap lai. Vidu:

e Taorasd 10, 3 lan:
> rep (10, 3)
[1] 10 10 10

e Taorasd 1dén4,3 lan:
> rep(c(l:4), 3)
(1] 1 234123412314

e Taorasd 1.2,2.7,4.8,5 lan:
> rep(c(l.2, 2.7, 4.8), 5)
[1] 1.2 2.7 4.8 1.2 2.7 4.8 1.2 2.7 4.8 1.2 2.7 4.8 1.2 2.7 4.8

e Taora $61.2,2.7,4.8, 5 lan:
> rep(c(1.2, 2.7, 4.8), 5)
(1] 1.2 2.7 4.8 1.2 2.7 4.8 1.2 2.7 4.8 1.2 2.7 4.8 1.2 2.7 4.8

Ap dung g1

gl dugc &p dung dé tao ra mot bién thar bac (categorical variable), tirc bién khong dé tinh
toan, ma 1a dém. Céng thic chung ciia ham gl 1a gl (n, k, length = n*k,
labels = 1:n, ordered = FALSE) va cach sir dung s& duoc minh hoa bang vai
vi du sau day:

e Taora bién gom bac 1 va 2; moi bac dugc lap lai 8 lan:
> gl(2, 8)

(11 111 1111122222222
Levels: 1 2

Hay mot bién g(‘A)m bac 1, 2 va 3; mdi bac dugc lap lai 5 lan:
> gl(3, 5)
(11 1 11

112222233333
Levels: 1 2 3

e Taora bién g(‘A)m bac 1 va 2; mdi bac duoc lap lai 10 lan (do d6 length=20):
> gl(2, 10, length=20)

(11 111 11111112222222222
Levels: 1 2

Hay:
> gl(2

, 2
(11 11 2
Levels: 1

ngth=20
12

20)
2112211221122

e Cho thém ki hiéu:
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> gl(2, 5, label=c("C", "T"))
(1] cccccTTTTT
Levels: C T

e Tao mot bién gdm 4 bac 1, 2, 3, 4. Mdi bac lap lai 2 lan.
> rep(l:4, c(2,2,2,2))
1] 1122 3 344

Ciing tuong duong voi:
> rep(l:4, each = 2)
[11 11223 344

e Véingay gio thang:

> x <- .leap.seconds[1l:3]

> rep(x, 2)

[1] "1972-06-30 17:00:00 Pacific Standard Time" "1972-12-31 16:00:00
Pacific Standard Time"

[3] "1973-12-31 16:00:00 Pacific Standard Time" "1972-06-30 17:00:00
Pacific Standard Time"

[5] "1972-12-31 16:00:00 Pacific Standard Time" "1973-12-31 16:00:00
Pacific Standard Time"

> rep(as.POSIX1lt (x), rep(2, 3))

[1] "1972-06-30 17:00:00 Pacific Standard Time" "1972-06-30 17:00:00
Pacific Standard Time"

[3] "1972-12-31 16:00:00 Pacific Standard Time" "1972-12-31 16:00:00
Pacific Standard Time"

[5] "1973-12-31 16:00:00 Pacific Standard Time" "1973-12-31 16:00:00
Pacific Standard Time"

5. Bién tap so liéu
5.1 Tach r&i dir liéu: subset

Chung ta s€ quay lai véi dir liéu chol trong vi du 1. Pé tién viéc theo ddi va
hi¢u “cau chuyén”, t6i xin nhac lai rang chung ta da nhap so liéu vao trong mot dit liéu R
co tén la chol tir mot text file ¢o tén la chol . txt:

> setwd (“c:/works/insulin”)
> chol <- read.table(“chol.txt”, header=TRUE)
> attach (chol)

Néu chiing ta, vi mot 1i do nao do, chi muén phan tich riéng cho nam gidi, chiing
ta c6 thé tich chol ra thanh hai data.frame, tam goi 1a nam va nu. Dé lam chuyén nay,
chung ta dung lénh subset (data, cond), trong d6 data la data.frame ma chung ta
mudn tach roi, va cond 1a diéu kién. Vi du:

> nam <- subset (chol, sex=="Nam”)
> nu <- subset(chol, sex=="Nu”)
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Sau khi ra hai 1énh nay, ching ta da c6 2 dir li¢u (hai data.frame) mdi tén 1a nam va nu.
Chu y diéu kién sex == “Nam” va sex == “Nu” chung ta dung == thay vi = d¢€ chi
diéu kién chinh xac.

Tat nhién, ching ta ciing c6 thé tach dit liéu thanh nhiéu data.frame khac nhau voi nhitng
dicu kién dua vao cac bién so khac. Chang han nhu 1énh sau day tao ra mdt data.frame
mdi tén la o1d véi nhitng bénh nhan trén 60 tuoi:

> old <- subset(chol, age>=60)
> dim(old)
[1] 25 8

Hay mét data.frame méi voi nhitng bénh nhan trén 60 tudi va nam gidi:

> n60 <- subset(chol, age>=60 & sex=="Nam”)
> dim(n60)
[1] 9 8

5.2 Chiét sé liéu ttr mot data .frame

Trong chol c¢6 8 bién sd. Chung ta c6 thé chiét dir liu chol va chi giir lai
nhirng bién s can thiét nhur ma s6 (1d), d6 tudi (age) va total cholestrol (tc). Pé y tur
1énh names (chol) rang bién sd id 1a cot s6 1, age 1a cot s6 3, va bién s6 tc 1a cot sb
7. Chiing ta c6 thé dung 1énh sau day:

> data2 <- chol[, c(1,3,7)]

O day, chang ta 1énh cho R biét ring chung ta mudn chon cot sé 1, 3 va 7, va dua tit ca
s6 liéu ctia hai cot ndy vao data.frame méi co tén 1a data2. Chi y ching ta sir dung
ngodc kép vuong [] chur khong phai ngodc kép vong (), vi chol khong phai lam mot
function. Dau phay phia truéc c, c6 nghia la ching ta chon tit ca cac dong sb liéu trong
data.frame chol.

Nhung néu chung ta chi muén chon 10 dong s6 liéu dau tién, thi lénh sé la:

> data3 <- chol[1:10, c(1,3,7)]
> print (data3)
id sex t

1 Nam
Nu
Nu
Nam
Nam
Nu
Nam
Nam

o Joy Ul d W
O ~J oy Ul WN

oY U U1 J B W b
R ODNOJJ0U ON
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9 9 Nam 5.9
10 10 Nu 4.0

Cht y 1énh print (arg) don gidn liét ké tat ca sb liéu trong data.frame arg. That ra,
chung ta chi can don gian gd data3, két qua ciing gibng y nhu print (data3).
5.3 Nhap hai data.frame thanh mét: merge

Gia du nhu chiang ta c6 dit li¢u chtra trong hai data.frame. Dir li€u thu nhét tén 1a d1
gom 3 cot: id, sex, tc nhu sau:

id sex tc

1 Nam 4.0
2 Nu 3.5
3 Nu 4.7
4 Nam 7.7
5 Nam 5.0
6 Nu 4.2
7 Nam 5.9
8 Nam 6.1
9 Nam 5.9
10 Nu 4.0

Dtr liéu thr hai tén 1a d2 gém 3¢ot: id, sex, tg nhusau:

-

R O WOow-Joy Ul d WN K QO

sex
Nam
Nu
Nu
Nam
Nam
Nu
Nam
Nam
Nam
Nu
Nu

«Q

PR ORNERENREONR
SO oYU R R R

=

Hai dit liéu nay c6 chung hai bién s6 id va sex. Nhung dit liéu d1 c6 10 dong, con dit
liéu d2 c¢6 11 dong. Chung ta c6 thé nhap hai dir liéu thanh mot data.frame bang cach
dung Iénh merge nhu sau:

> d <- merge(dl, d2, by="id", all=TRUE)

> d
id sex.x tc sex.y tg
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1 1 Nam 4.0 Nam 1.1
2 2 Nu 3.5 Nu 2.1
3 3 Nu 4.7 Nu 0.8
4 4 Nam 7.7 Nam 1.1
5 5 Nam 5.0 Nam 2.1
6 6 Nu 4.2 Nu 1.5
7 7 Nam 5.9 Nam 2.6
8 8 Nam 6.1 Nam 1.5
9 9 Nam 5.9 Nam 5.4
10 10 Nu 4.0 Nu 1.9
11 11 <NA> NA Nu 1.7

Trong I¢nh merge, chung ta yéu ciu R nhap 2 dir liéu d1 va d2 thanh mdt va dua vao
data.frame méi tén la d, va dung bién s6 id lam chuan. Chung ta d¢ y thay bénh nhan so
11 khong c6 so0 liéu cho tc, cho nén R cho 1a NA (mdt dang “not available™).

5.4 Bién d6i s liéu (data coding)

Trong viéc xu 1i s6 liéu dich t& hoc, nhiéu khi chung ta can phai bién doi s6 liéu tir bién
lién tyc sang bién mang tinh cach phan loai. Chang han nhu trong chan doan lodng
xuong, nhitng phu nir ¢6 chi sé T cua mat d6 chit khoang trong xwong (bone mineral
density hay BMD) bang hay thip hon -2.5 duoc xem 1a “lodng xwong”, nhiing ai co
BMD giita -2.5 va -1.0 1a “x6p xuong” (osteopenia), va trén -1.0 1a “binh thuong”. Vi
dy, ching ta c6 s6 liéu BMD tir 10 bénh nhan nhu sau:

-0.92, 0.21, 0.17, -3.21, -1.80, -2.60, -2.00, 1.71, 2.12, -2.11
Dé nhap cac s liéu nay vao R chung ta c6 thé str dung function c nhu sau:
bmd <- ¢(-0.92,0.21,0.17,-3.21,-1.80,-2.60,-2.00,1.71,2.12,-2.11)

De phan loai 3 nhom lodng xwong, xX6p xuong, va binh thuong, ching ta c6 thé dung ma
s6 1,2 va 3. Noi cach khac, ching ta mudn tao nén mét bién s6 khac (hdy goi la
diagnosis) gdm 3 gia trj trén dwa vao gia tri cia bmd. Dé lam viéc nay, ching ta sir
dung 1énh:

tam thdi cho bién sé diagnosis biang bmd
diagnosis <- bmd

V o=

bién dbi bmd thanh diagnosis
diagnosis[bmd <= -2.5] <- 1
diagnosis[bmd > -2.5 & bmd <= 1.0] <- 2
diagnosis[bmd > -1.0] <- 3

vV V V

=+

tao thanh mét data frame
data <- data.frame (bmd, diagnosis)

\4

=+

liét k& dé& kiém tra xem lénh cé hié&u qua khéng
> data
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bmd diagnosis
-0.92
0.21
0.17
-3.21
.80
-2.60
-2.00
1.71
2.12
0 -2.11

P O oo Jo Und WK
|
=
NWWNDENRFE WWW

5.5 Bién doi s6 liéu bang cach dung replace

Mot cach bién doi so li¢u khac 1a dung replace, du cach nay c6 vé rudm ra chut it.
Ti€p tuc vi du trén, chiing ta bién doi tr bmd sang diagnosis nhu sau:

diagnosis <- bmd

diagnosis <- replace(diagnosis, bmd <= -2.5, 1)

diagnosis <- replace(diagnosis, bmd > -2.5 & bmd <= 1.0, 2)
diagnosis <- replace(diagnosis, bmd > -1.0, 3)

vV V V V

5.6 Bién doéi thanh yéu té (factor)

Trong phan tich théng ké, chung ta phan biét mot bién sb mang tinh yéu ¢4 (factor) va
bién s6 lién tuc binh thuong. Bién s6 yéu t6 khong thé dung dé tinh toan nhu cong trir
nhan chia, nhung bién sb sb hoc c6 thé sir dung dé tinh toan. Chang han nhu trong vi du
bmd va diagnosis trén, diagnosis 1a yéu td vi gia tri trung binh giita 1 va 2 ching
c¢6 ¥ nghia thuc té gi ca; con bmd 12 bién sb s6 hoc.

Nhung hién nay, diagnosis dugc xem la mot bién so6 s6 hoc. D€ bién thanh bién so
yeu to, chiing ta can st dung function factor nhu sau:

> diag <- factor (diagnosis)

> diag

[1] 3 3 3
1

212332
Levels: 3

1
2
Chu y R béy gi¢ thong bao cho chung ta biét diag c6 3 bac: 1, 2 va 3. Néu chiing ta yéu

ciu R tinh so trung binh cua diag, R s€ khong lam theo yéu ciu nay, vi do khong phai la
mot bién s6 s6 hoc:

> mean (diag)

[1] NA

Warning message:
argument is not numeric or logical: returning NA in: mean.default (diag)

Di nhién, chiing ta c6 thé tinh gia tri trung binh cia diagnosis:
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> mean (diagnosis)
[1] 2.3

nhung két qua 2.3 nay khong c6 y nghia gi trong thuc té ca.

5.7 Phan nhém sé liéu bang cut2 (Hmisc)

Trong phan tich thong ké, co khi chung ta can pha1 phan chia mot bién so lién tuc thanh
nhiéu nhom dya Vao phan phdi ciia bién s6. Chang han nhu déi véi bién s6 bmd ching ta
c¢6 thé “cat” diy s6 thanh 3 nhom tuwong dwong nhau bang cach dung function cut?2
(trong thu vién Hmi sc) nhu sau:

> # nhadp thu vién Hmisc d& cé thé dung function cut2

> library (Hmisc)

> bmd <- ¢(-0.92,0.21,0.17,-3.21,-1.80,-2.60,-2.00,1.71,2.12,-2.11)
> # chia bién s6 bmd thanh 2 nhém va dé& trong dbi tuong group

> group <- cut2(bmd, g=2)

> table (group)

group

[-3.21,-0.92) [-0.92, 2.12]

5 5

Nhu thdy qua vi du trén, g = 2 c6 nghia la chia thanh 2 nhém (g = group). R tu dong
chia thanh nhém 1 gém gié tri bmd tir -3.21 dén -0.92, va nhom 2 tir -0.92 dén 2.12. Mbi
nhom goém cé 5 so.

Tt nhién, ching ta ciing c6 thé chia thanh 3 nhom bang 1énh:
> group <- cut2(bmd, g=3)

Va voi [énh table chiing ta s€ biét c6 3 nhom, nhém 1 gom 4 s6, nhém 2 va 3 mdi nhom
c0 3 s0:

> table (group)

group

[-3.21,-1.80) [-1.80, 0.21) [ 0.21, 2.12]
4 3 3

6. St dung R cho tinh toan don gian

Mot trong nhitng loi tpé ciia R 1a ¢6 thé str dung nhu mét ... may tinh cam tay.
Thét ra, hon thé nita, R ¢6 thé sur d}_ll’lg cho céc phép tinh ma tran va 1ap chuong. Trong
chuong nay toi chi trinh bay mot s6 phép tinh don gian ma hoc sinh hay sinh vién c6 thé

su dung 18p tie trong khi doc nhitng dong chir nay.

6.1 Tinh toan don gian

24



Phan tich s liéu va biéu dd bang R

Nguy&n Van Tuan

Cong hai sb hay nhiéu s6 voi nhau:
> 1542997
[1] 3012

Cong va tru:
> 15+2997-9768
[1] -6756

Nhéan va chia
> =27*12/21

S4 iy thira: (25 — 5)°
> (25 - 5)"3

[1] -15.42857 [1] 8000

Cin sb bac hai: \/E So6 P.i (m)

> sqrt (10) > p1

[1] 3.162278 [1] 3.141593
> 2+3*pi
[1] 11.42478

Logarit: log,

Logarit: logj

> log(10) > 1ogl0(100)
[1] 2.302585 (1] 2

S6 mii: e "% Ham s6 luong giac
> exp(2.7689) > cos (pi)

[1] 15.94109 [11 -1

> 1oglQ0 (2+3*pi)
[1] 1.057848

Vector

> x <- ¢(2,3,1,5,4,6,7,6,8)
> x
[1] 2 31546768
> sum (X)

[1] 42

[1] 4 6 2 10 8 12 14 12 16

> exp(x/10)

[1] 1.221403 1.349859 1.105171 1.0648
1.491825 1.822119 2.013753 1.822119
[9] 2.225541

> exp (cos(x/10))

[1] 2.664634 2.599545 2.704736 2.405
2.511954 2.282647 2.148655 2.282647
[9] 2.007132

Tinh tong binh phuong (sum of squares): 1°
+27+3%+ 47+ 52 =9
> x <- ¢c(1,2,3,4,5)
> sum(x"2)
[1] 55

Tinh tong binh phuong diéu chinh

(adjusted sum of squares): »_(x, —)?)2 =9
i=1

> x <- ¢(1,2,3,4,5)

> sum( (x-mean (x))"2)

[1] 10

Trong cong thirc trén mean (x) 1a s trung
binh cua vector x.

Tinh sai s6 binh phuwong (mean square):

Tinh phuong sai (variance) va d¢ 1éch
chuan (standard deviation):
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=

(xl.—)?)z/nZ?

> x <-c¢(1,2,3,4,5)

> sum( (x-mean (x))"2)/length (x)
[1]

N

Trong cong thtrc trén, length (x) ¢
nghia la tong s6 phan tur (elements) trong
vector x.

Phuong sai: s’ :Zn:(xl. ~%) /(n-1)=2
i=1
> x <-c¢(1,2,3,4,95)

> var (x)
[1] 2.5
Do 1éch chuén: \/;2 :
> sd(x)
[1] 1.581139

6.2 St dung R cho cac phép tinh ma tran

Nhu ching ta biét ma tran (matrix), noi don gian, gdm c6 dong (row) va cot
(column). Khi viét A[m, n], ching ta hiéu rang ma tran A c6 m dong va n cot. Trong R,
chung ta cling c6 thé thé hién nhu thé. Vi du: ching ta mudn tao mot ma trin vuong A
gém 3 dong va 3 cot, voi cac phén to (element) 1, 2, 3,4, 5,6, 7, 8,9, chiung ta viét:

1
A=|2
3
Vavoi R:
>y <- ¢(1,2,3,4,5,6,7,8,9)
> A <- matrix(y, nrow=3)
> A
(11 [,21 [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9

Nhung néu ching ta 1énh:

N DN K~
O o0

> A <- matrix(y, nrow=3, byrow=TRUE)
> A
thi két qua sé 1a:
(11 [,2]1 [,3]
(1,1 1 2 3
(2,1 4 5 6
[3,] 7 8 9

Tic 12 mot ma tran chuyén vi (transposed matrix). Mot cach khac dé tao mot ma tran

hoan vila dung t (). Vidu:
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>y <- ¢(1,2,3,4,5,6,7,8,9)
> A <- matrix(y, nrow=3)
> A

(,1

]
1
(2,] 2
3

va B = A' ¢ thé dién ta bang R nhu sau:

> B <- t (A)
> B

Ma tran vo hwéng (scalar matrix) la mot ma trdn vudng (tire s6 dong bfmg s6 cot), va
tat ca cac phan tir ngoai dudng chéo (off-diagonal elements) 1a 0, va phan tir duong chéo
1a 1. Ching ta c6 thé tao mot ma tran nhu thé bang R nhu sau:

> # tao ra mé ma tradn 3 x 3 véi tldt cd phan tu 1la 0.
> A <- matrix (0, 3, 3)

> # cho cac phdn tur dudng chéo bdng 1
> diag(A) <=1

> diag(A)
[1] 1 11
> # bdy gid ma trdn A sé la:
> A
(,11 [,2]1 [,3]
(1,1 1 0 0
(2,1 0 1 0
[3,] 0 0 1

6.2.1 Chiét phan tir tr ma tran

> vy <- ¢(1,2,3,4,5,6,7,8,9)
> A <- matrix(y, nrow=3)
> A

(,1

]
1
[2,] 2
3

># ¢t 1 cia ma trdn A
> A[,1]
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(1] 1 4 7

>#¢0t 3 cia ma tran A
> A[3,]
[1] 7 8 9

># dong 1 ciia ma trdn A
> A[1, ]
[1] 1 2 3

> # dong 2, c0t 3 cila ma tran A
> A[2, 3]
[1] ©

> # tit ca cac dong clia ma trdn A, ngoai trir dong 2

> Al-2,]

(11 [,2] [,3]
[1,] 1 4 7
[2,] 3 6 9

> # tat ca cac cOt cuia ma trdn A, ngoai trir cOt 1

> A[,-1]

(11 [,2]
[1,] 4 7
[2,] 5 8
[3,] 6 9

> # xem phan tir nao cao hon 3.
> A>3

(,11 [,2] [,3]
[1,] FALSE TRUE TRUE
[2,] FALSE TRUE TRUE
[3,] FALSE TRUE TRUE

6.2.2 Tinh toan v&i ma tran

Cong va trir hai ma tran. Cho hai ma trdn A va B nhu sau:

> A <- matrix(1:12, 3,
> A
[,1

]
1
[2,] 2
3

> B <- matrix(-1:-12,
> B

(11 [,2]1 [,3]1 [,
[1,] -1 -4 -7 -

4)

4]
10
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[2,] -2 -5 -8 -11
[3,] -3 -6 -9 =12

Chung ta c6 thé cong A+B:

> C <- A+B

> C

(11 [,21 [,3] [,4]
[1,] 0 0 0 0
[2,] 0 0 0 0
[3,] 0 0 0 0
Hay A-B

1 [,2] [,3] [,4]
2 8 14 20
(2,1 4 10 16 22
6 12 18 24

Nhan hai ma tran. Cho hai ma tran:

1
A=|2
3

AN »n N
O o0
<
)
oy
Il

SCRN NG
o WD N

O O W

Chung ta mudn tinh AB, va c6 thé trién khai bang R bang cach sir dung %*$ nhu sau:

> vy <- ¢(1,2,3,4,5,6,7,8,9)
> A <- matrix(y, nrow=3)
> B <- t(A)
> AB <- A%*%B
> AB
(11 [,2] [,3]
(1,1 66 78 90
(2,1 78 93 108
[3,] 90 108 126

Hay tinh BA, va c6 thé trién khai bang R bang cach st dung % *% nhu sau:

> BA <- B%*3A
> BA

(11 [,21 [,3]

50

[2,] 32 77 122

194
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Nghich ddo ma tran va gidi hé¢ phwong trinh. Vi du ching ta c6 hé phuong trinh sau
day:

3x,+4x,=4
X, +6x,=2

Hé phuong trinh ndy c6 thé viét bang ki hiéu ma trdn: AX = Y, trong do:

3 4 X, . 4
A= , X= ,  va Y =
1 6 X, 2

Nghiém cua hé phuong trinh nay la: X = 47'Y, hay trong R:

> A <- matrix(c(3,1,4,6), nrow=2)
> Y <- matrix(c(4,2), nrow=2)

> X <- solve (A)S%*SY

> X

[,1]
[1,] 1.1428571
[2,] 0.1428571

Chung ta c6 thé kiém tra:

> 3*X[1,1]1+4*X[2,1]
[1] 4

Tri s0 eigen ciing co thé tinh toan bang function eigen nhu sau:

> eigen (A)
Svalues
(1] 7 2

Svectors

[,1] [,2]
[1,] -0.7071068 -0.9701425
[2,] -0.7071068 0.2425356

Pinh thirc (determinant). Lam sao ching ta xac dinh mot ma tran c6 thé dao nghich
hay khong? Ma tran ma dinh thirc bang 0 1a ma tran suy bién (singular matrix) va
khong thé dao nghich. B¢ kiém tra dinh thirc, R dung 1énh det () :

> E <- matrix ((1:9), 3, 3)
> E
[,1

O 00 J—

]
1
[2,] 2
3
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> det (E)
[11 O

Nhung ma tran F sau day thi c¢6 thé dao nghich:

> F <- matrix((1:9)"2, 3, 3)

> F

[ 11 [,2]1 [,3]
[1,] 1 16 49
(2,1 4 25 04
[3,] 9 36 81
> det (F)
[1] -216

Va nghich déo ciia ma tran F (F™) c¢6 thé tinh bang function solve () nhu sau:

> solve (F)

[,1] [,2] [,3]
[1,] 1.291667 -2.166667 0.9305556
[2,] -1.166667 1.666667 -0.6111111
[3,] 0.375000 -0.500000 0.1805556

Ngoai nhitng phép tinh don gian nay, R con €0 thé sir dung cho cac phép tinh
phirc tap khac. Mot loi thé dang ké cia R 1a phan mém cung cap cho nguoi sir dung tu
do tao ra nhung phép tinh phu hop cho timg van d& cu thé. R c6 mot package Matrix
chuyén thiét ké cho tinh toan ma tran. Ban doc c6 thé tai package xuéng, cai vao may, va
su dung, néu can. Dia chi dé tai 1a: http://cran.au.r-project.org/bin/windows/contrib/r-
release/Matrix_0.995-8.zip cuing véi tai liéu chi dan cach sir dung (dai khoang 80 trang):
http://cran.au.r-project.org/doc/packages/Matrix.pdf.

7. Sr dung R cho tinh toan xac suat

7.1 Phép hoan vi (permutation)

Chung ta biét rang 3! = 3.2.1 = 6, va 0!=1. Noi chung, c6ng thirc tinh hoan vi cho
mét s6 n la: n!=n(n—1)(n—2)(n-3)x...x1. Trong R c4ch tinh nay rat don gian véi

Iénh prod () nhu sau:

e Tim 3!
> prod(3:1)
[1] o

e Tim 10!

> prod(10:1)
[1] 3628800
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e Tim 10.9.8.7.6.5.4
> prod(10:4)
[1] 604800

e Tim (10.9.8.7.6.5.4) / (40.39.38.37.36)
> prod(10:4) / prod(40:36)
[1] 0.007659481

7.2 T6 hop (combination)

n!

=— . Cong thitc nay ciing c6 khi viét 1a
Ki(n—k) e e Ry cune

S 1an chon & ngudi tir n phan tir 1a: (Zj

C; thay vi (Zj Véi R, phép tinh nay rit don gidn bang ham choose (n, k). Sau

day la vai vi du minh hoa:

| (5]
e Tim
2

> choose (5, 2)
[1] 10

e Tim x4c suit cip 4 va B trong s 5 ngudi duoc dic cir vao hai chirc vu:
> 1/choose (5, 2)
[1] 0.1

7.3 Bién s6 ngau nhién va ham phan phéi

Khi néi dén “phéan phdi” (hay distribution) 1 dé cap dén cac gia tri ma bién s6 c6
thé c6. Céc ham phdn phéi (distribution function) 13 ham nhim mo ta cac bién sé d6 mot
cach co hé théng. “Co hé théng” ¢ day c6 nghia 1a theo md md hinh todn hoc cu thé vai
nhirng thong sé cho truée. Trong xac sudt thdng ké co kha nhiéu ham phéan phdi, va ¢
day chung ta s& xem xét qua mot s6 ham quan trong nhét va thong dung nhat: d6 1a phan
phéi nhi phan, phan phdi Poisson, va phan phdi chuan. Trong mdi luat phan phdi, co 4
loai ham quan trong ma ching ta can biét:

ham mat d6 xac sudt (probability density distribution);

ham phan phdi tich lily (cumulative probability distribution);
ham dinh bac (quantile); va

ham mo6 phong (simulation).

R ¢6 nhitng ham sin trén c6 thé tmg dung cho tinh todn xac suit. Tén mdi ham
dugc goi bang mot tiép dau ngit dé chi loai ham phan phdi, va viét tit tén cia ham do.
Céc tiép dau ngir 1a d (chi distribution hay xac suat), p (chi cumulative probability, x4c
sut tich liy), g (chi dinh bac hay quantile), va r (chi random hay s ngiu nhién). Cac
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tén viét tit 14 norm (normal, phan phdi chuin), binom (binomial , phan phdi nhi
phan), pois (Poisson, phan phoi Poisson), v.v... Bang sau day tom tat cac ham va thong
sO cho tung ham:

Ham phéan Mat do Tich luy Dinh bac Mo phéng

ph01

Chuan dnorm (x, mean, pnorm(g, mean, sd) gnorm(p, mean, sd) rnorm(n, mean,
sd)

Nhi phan dbinom(k, n, p) pbinom(q, n, p) gbinom (p, n, p) rbinom(k, n, prob)

Poisson dpois (k, lambda) ppois (g, lambda) gpois (p, lambda) rpois(n, lambda)

Uniform dunif (x, min, punif (q, min, max) qunif (p, min, max) runif(n, min,
max)

Negaﬁve dnbinom(x, k, p) pnbinom(qg, k, p) gnbinom (p, k,prob) rbinom(n, n, prob)

binomial

Beta dbeta (x, shapel, pbeta (g, shapel, gbeta (p, shapel, rbeta(n, shapel,
shape?) shape?2) shape?) shape?2)

Gamma dgamma (x, shape, gamma (g, shape, ggamma (p, shape, rgamma (n, shape,
rate, scale) rate, scale) rate, scale) rate, scale)

Geometric dgeom(x, p) pgeom(q, Pp) qgeom(p, prob) rgeom(n, prob)

Exponential dexp (x, rate) pexp (g, rate) gexp (p, rate) rexp(n, rate)

Weibull dnorm (x, mean, pnorm(qg, mean, sd) gnorm(p, mean, sd) rnorm(n, mean,
sd)

Cauchy dcauchy (x, pcauchy (q, gcauchy (p, rcauchy (n,
location, scale) location, scale) location, scale) location, scale)

F df (x, dfl, df2) pf(q, dfl, df2) af (p, dfl, df2) rf(n, dfl, df2)

T dt (x, df) pt(g, df) qt (p, df) rt(n, df)

Chi—squared dchisqg(x, df) pchi (g, df) gchisqg(p, df) rchisqg(n, df)

Chu thich: Trong bang trén, df = degrees of freedome (bac ty do); prob = probability (xac suit); n = sample
size (s6 luong méu). Céc thong sd khac co thé tham khao thém cho timg luat phan phbi. Riéng cac lut
phan phdi F, t, Chi-squared con c6 mot thong s6 khac nira la non-centrality parameter (ncp) dugc cho s6 0.
Tuy nhién ngudi sir dung c6 thé cho mot thong s6 khac thich hop, néu can.

7.3.1 Ham phan phéi nhi phan (Binomial distribution)

Nhu tén goi, ham phan phéi nhi phan chi c¢6 hai gid tri: nam / nit, sdng / chét, c6 / khong,

. Ham nhi phan dugc phat biéu bfmg dinh li nhu sau: Néu mot thir nghiém dugc tién
hanh » 1an, mdi lan cho ra két qua hodc 1a thanh cong hodc 1a that bai, va gdm xac suat
thanh cong duoc biét trude 14 p, thi xac sudt cd k lan thir nghiém thanh cong 1a:

P(k|n,p)=C;p* (l—p)H ,trong d6 k=0,1,2,...,n Trong R, c6 ham dbinom (k,
n, p) c thé giup ching ta tinh cong thirc P(k|n,p)=C; p*(1 —p)n_k mot cach nhanh
chong. Trong truong hop trén, ching ta chi can don gian 1énh:

> dbinom (2, 3, 0.60)
[1] 0.432

Vi du 2: Ham nhi phan tich lily (Cumulative Binomial probability
distribution). Xac suat thuc chdng lodng xuong c6 hiéu nghiém la khoang 70% (tic 1a
p =0.70). Néu ching ta diéu tri 10 bénh nhan, x4ac suét co tdi thiéu 8 bénh nhan véi két
qua tich cyc 13 bao nhiéu? Noi cach khac, néu goi X 13 s6 bénh nhan duoc diéu tri thanh
cong, ching ta can tim P(X > 8) = ? Dé tra 10i cau hoi nay, chung ta st dung ham
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pbinom(k, n, p). Xin nhic lai réng ham pbinom (k, n, p)cho chingta P(X<
k). Do do, P(X>8)=1—-P(X<7). Thanh ra, dap so bang R cho cau hoi la:

> l-pbinom(7, 10, 0.70)
[1] 0.3827828

Vi du 3: M6 phéng ham nhi phan: Biét ring trong mot quan thé dan sb c6
khoang 20% ngudi mac bénh cao huyét ap; néu ching ta tién hanh chon miu 1000 lan,
mdi 1an chon 20 ngudi trong quan thé d6 mot cach ngau nhién, sy phan phdi sé bénh
nhan cao huyét ap s& nhu thé nao? Dé tra 10i cau hoi nay, chung ta ¢ thé ing dung ham
rbinom (n, k, p) trong R véinhitng thong sé nhu sau:

> b <- rbinom (1000, 20, 0.20)

Trong 1énh trén, két qua mo phong duoc tam thoi chira trong d6i tugng tén 1a b. DE biét
b co6 gi, chung ta dém bang I¢nh table:

> table (b)

b
0 1 2 3 4 5 6 7 8 9 10
6 45 147 192 229 169 105 68 23 13 3

Dong $6 liéu tha nhét (0, 5, 6, .., 10)la $6 bénh nhan méc bénh cao huyét ap
trong 56 20 ngudi ma chung ta chon. Dong | s liéu thir hai cho chung ta biét s6 1an chon
mau trong 1000 lan xay ra. Do d6, c6 6 mau khong c6 bénh nhan cao huyet ap nao, 45
mAu v6i chi 1 bénh nhan cao huyét ap, v.v... C6 1& cach dé hiéu 1a v& do thi cac tin sb
trén bang 1énh hist nhu sau:

> hist (b, main="Number of hypertensive patients")

Number of hypertensive patients

200
|

150
|

Frequency

100
|

50
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Biéu do 1. Phan phdi s6 bénh nhan cao huyét
ap trong sb 20 nguoi duge chon ngau nhién
trong mot quan thé _g6ém 20% bénh nhan cao
huyet 4p, va chon mau duoc lip lai 1000 lan.

Qua biéu d6 trén, chung ta thiy xac suat c6 4 bénh nhén cao huyet ap (trong mdi lan chon
mau 20 ngudi) 13 cao nhat (22.9%). Diéu nay cling co thé hiéu duoc, boi vi ti 1€ cao
huyét ap 1a 20%, cho nén chung ta ki vong rang trung binh 4 nguoi trong s6 20 nguoi
dugc chon phai 1a cao huyet ap. Tuy nhién, diéu quan trong ma bleu dd trén thé hi¢n la

c6 khi ching ta quan sat dén 10 bénh nhan cao huyét 4p du x4c suat cho mau nay rat thap
(chi 3/1000).

7.3.2 Ham phan phéi Poisson (Poisson distribution)

Ham phén phdi Poisson, noi chung, rat gibng véi ham nhi phan, ngoai trir thong
sO p thuong rat nhé va n thuong rat 16n. Vi thé, ham Poisson thudng duoc s dung dé
md ta cac bién sb rat hiém xay ra (nhu sd nguoi méc ung thu trong mot dan s chang
han). Ham Poisson con dugc tng dung kha nhiéu va thanh cong trong cac nghién ctu ki
thudt va thi trudng nhu sé luong khach hang dén mot nha hang mdi gio.

Vi du 4: Him mit do Poisson (Poisson density probability function). Qua
theo ddi nhiéu thang, nguoi ta biét duoc ti 1 danh sai chinh ta ctia mot thu ki danh may.
Tinh trung binh ctr khoang 2.000 chit thi thu ki danh sai 1 chit. Hoi x4c suat ma thu ki
danh sai chinh ta 2 chit, hon 2 chir 1a bao nhiéu?

Vi tan s kha thap, chung ta c6 thé gia dinh rang bién s6 “sai chinh ta” (tam dat
tén 13 bién s6 X) 1a mot ham ngdu nhién theo ludt phan phdi Poisson. O déy, chung ta co
ti 18 sai chinh ta trung binh 13 1(1=1). Luat phan phi Poisson phat biéu rang xac suét
ma X = k, v6i didu kién ti 18 trung binh 4, :

e—i/fik
k!

P(X=k|A)=

—212

Do d6, dap s cho cau hoi trén la: P(X =2|A= 1) =0.1839. Dép sb nay co thé
tinh bang R mot cach nhanh chéng hon bang ham dpois nhu sau:

> dpois (2, 1)
[1] 0.1839397

Chung ta cling c6 thé tinh x4c suat sai 1 chit, va xac suat khong sai chir nao:

> dpois(1l, 1)
[1] 0.3678794

> dpois (0, 1)
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[1] 0.3678794

Chu y trong ham trén, ching ta chi don gian cung cap thong s k = 2va(4=1. Trénday
1a xac suat ma thu ki danh sai chinh ta ding 2 ch&r. Nhung xac suat ma thu ki danh sai
chinh t4 hon 2 chir (tuc 3, 4, 5, ... chit) ¢6 thé udc tinh bang:

P(X>2)=P(X=3)+P(X =4)+P(X =5)+..
= 1-P(X<2)

= 1-0.3678—-0.3678 —0.1839
=0.08

Bang R, chiing ta c6 thé tinh nhu sau:

# P(X<2)
> ppois (2, 1)
[1] 0.919698¢6

#1-P(X<2)
> l-ppois (2, 1)
[1] 0.0803014

7.3.3 Ham phan phéi chuan (Normal distribution)

Hai luat phan phdi ma chung ta vira xem xét trén day thudc vao nhom phan phdi
ap dung cho cac bién s6 phi lién tuc (discrete distributions), ma trong d6 bién sb co
nhing gia trj theo bac thtr hay thé loai. Ddi v6i cac bién sb lién tuc, ¢ vai lut phéan phdi
thich hop khac, ma quan trong nhat 13 phan ph01 chuin. Phan ph01 chuan 13 nén tang
quan trong nhat ctia phén tich thong ké. Co thé noi khong ngoa rang hau hét 1i thuyet
thong ké dugc xay dung trén nén tang cua phan phéi chuan. Ham mat do phan phdi
chuin c6 hai thong sb: trung binh x va phuong sai o (hay do léch chuin o). Goi X 1a
mdt bién sd (nhur chidu cao chang han), ham mat do phan phdi chuan phat biéu rang xac
sudt ma X =x la:

P(x=xlo?)= /()= égexp{(’;‘;;)z]

Vi du 5: Him mat do phéan phoi chuin (Normal density probability function).
Chiéu cao trung binh hién nay & phu nit Viét Nam 13 156 cm, véi d6 léch chuén 1 4.6
cm. Ciing biét rang chiéu cao nay tuan theo ludt phan phdi chuan. V&i hai thong sb
u=156, 6=4.6, chiing ta c6 thé xay dung mot ham phan phéi chidu cao cho toan bd quan
thé phy nit Viét Nam, va ham nay c6 hinh dang nhu sau:
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Probability distribution of height in Vietnamese women

f(height)
0.06 0.08
1 |
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Height

Biéu d6 2. Phan phéi chiéu cao & phu nir Viét
Nam v6i trung binh 156 cm va dg 1éch chuén 4.6
cm. Trung hoanh 14 chiéu cao va truc tung 14 xac
suit cho mdi chiéu cao.

Biéu d6 trén duogc vé béng hai 1énh sau ddy. Lénh dau tién nham tao ra mot bién sd
height co6 gia tri 130, 131, 132, ..., 200 cm. Lénh tha hai 1a v€ biéu do véi diéu kién
trung binh 1a 156 cm va d¢ 1éch chuan 1a 4.6 cm.

> height <- seq(130, 200, 1)
> plot (height, dnorm(height, 156, 4.6),
type="1",
ylab="f (height)”,
xlab="Height”,
main="Probability distribution of height in Vietnamese women")

Vi hai thong so trén (va biéu do), chiing ta c6 thé udc tinh xac suat cho bat clr
chi€u cao nao. Chang han nhu xé4c suat mot phu nitr Viét Nam c6 chiéu cao 160 cm la:

(160-156)’
2(4.6)

P(X=160| u=156, c6=4.6) = Xp| —

c
4.6\/2x3.1416
=0.0594

Ham dnorm (x, mean, sd)trong R c6 thé tinh toan xac suat nay cho chiing ta mot
cach gon nhe:

> dnorm (160, mean=156, sd=4.6)
[1] 0.05942343
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Ham xac suit chuén tich lily (cumulative normal probability function). Vi
chiéu cao 1a mot bién sé lién tuc, trong thuc té chiing ta it khi ndo mudn tim x4c suit cho
mot gia tri cu the x, ma thuong tim xac suat cho mot khoang gia tri @ ¢én b. Chang han
nhu ching ta mudn biét xac sudt chidu cao tir 150 dén 160 cm (ttc 1a P(160 < X < 150),
hay x4c suét chiéu cao thdp hon 145 cm, tic P(X < 145). Dé tim dap sb cac cau hoi nhu
thé, chung ta can dén ham xac sut chuan tich lily, dugc dinh nghia nhu sau:

Pla<x<b)= [ f(x)dx

Thanh ra, P(160 < X < 150) chinh 14 dién tich tinh tir tryc hoanh = 150 dén 160 cua biéu
do 2. Trong R ¢c6 ham pnorm (x, mean, sd) dung dé tinh xac suat tich Iy cho
mot phan phoi chuan rat c6 ich.

pnorm(a, mean, sd)= J._u f(x)dx = P(X < a| mean, sd)

Chang han nhu xé4c suét chiéu cao phu nit Viét Nam bang hodc thip hon 150 cm 14 9.6%:

> pnorm (150, 156, 4.6)
[1] 0.0960575

Hay xéc suit chiéu cao phu nir Viét Nam bang hodc cao hon 165 cm la:

> l-pnorm (164, 156, 4.6)
[1] 0.04100591

N6i cach khac, chi c6 khoang 4.1% phu nit Viét Nam c6 chiéu cao bang hay cao hon 165

cm.

Vi du 6: Ung dung luit phin phéi chuin: Trong mét quan thé, ching ta biét
rdng ap suat mau trung binh 1a 100 mmHg va do léch chuan 1a 13 mmHg, hoi: ¢6 bao
nhiéu ngiroi trong quan thé ndy c6 4p suat mau bang hodc cao hon 120 mmHg? Cau tra
161 bang R 1a:

> 1-pnorm (120, mean=100, sd=13)
[1] 0.0619679

Tac khoang 6.2% ngudi trong quan thé ndy cé 4p suit mau bang hoic cao hon 120

mmHg.

7.3.4 Ham phan phéi chuan chuan héa (Standardized Normal distribution)
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Mot biér} X tuan theo luat phan phéi chuén véi trung binh binh  va phuong sai o
thuong dugc viét tat 1a:
X~Nu, o)

O day u_va o tiry thudc vao don vi do luong cua bién sd. Chéng han nhu chiéu

cao dugc tinh bang cm (hay m), huyet ap dugc do bang mmHg, tudi dugc do bang nam,

. cho nén d6i khi mé ta mot bién sb bang don vi goc rat kho so sanh. Mot cach don

glan hon 1a chuan hoa (standardized) X sao cho sd trung binh 1a 0 va phuong sai 1a 1.

Sau vai thao tac s6 hoc, c¢6 thé chimg minh dé dang ring, cach bién doi X dé dap tng diéu
kién trén la:

Noi theo ngoén ngir toan: néu X ~ N(u, o), thi (X =py o~ N(0, 1). Nhu vay qua
cong thirc trén, Z thuc chat 1a do khac biét gura mat s6 va trung binh tinh bang sé d6 1éch
chudn. Néu Z =0, chung ta biét rang X bang sb trung binh u. Néu Z= -1, chung ta biét
rang X thap hon p ding 1 d6 1éch chuan. Tuong tw, Z= 2.5, chung ta biét rang X cao hon
u ding 2.5 d6 1éch chuan. v.v...

Biéu d6 phan phoi chiéu cao cua phu nitr Vi¢t Nam c6 thé mo ta bang mot don vi
moi, do 1a chi s6 z nhu sau:

Probability distribution of height in Viethamese women

0.4

0.3
1

fz)
0.2
1

0.1

0.0
1

Biéu d6 3. Phan phoi chuan hoa chiéu cao ¢ phu
nir Viét Nam.

Biéu do trén duogc vé bang hai 1énh sau déy:
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> height <- seqg (-4, 4, 0.1)
> plot (height, dnorm(height, 0, 1),

type="l",
ylab ”f( )//
xlab="z",

malnf"Probability distribution of height in Vietnamese women")

V61 phan phoi chuin chuan hod, chiing ta c6 mot tién loi 1a c6 thé dung n6 dé mo ta va so
sanh mat do phan phdi cua bat ctr bién nao, vi tat ca déu dugc chuyén sang chi so z.

Trong biéu dd trén, truc tung 13 x4c suit z va truc hoanh 14 bién sé z. Chung ta c6 thé
tinh toan xac suat z nhé hon mdt hang so (constant) nao d6 dé dang bang R. Vi du,
ching ta mudn tim P(z < -1.96) = ? cho mot phan phdi ma trung binh la 0 va do 1éch
chuanla 1.

> pnorm(-1.96, mean=0, sd=1)
[1] 0.02499790

Hay P(z <1.96)="?

> pnorm(1l.96, mean=0, sd=1)
[1] 0.9750021

Do do, P(-1.96 <z < 1.96) chinh la:

> pnorm(1.96) - pnorm(-1.96)
[1] 0.9500042

Noi céch khac xac suat 95% 1a z nam gitra -1.96 va 1.96. (Cha y trong 1énh trén toi
khong cung cap mean=0, sd=1, boi vi trong thyc té, pnorm gia tri mic dinh (default
value) cia thong sé mean 12 0 va sd 1a 1).

Vi du 5 (tiép tuc). Xin nhic lai dé tién viéc theo ddi, chidu cao trung binh ¢ phu
nit Viét Nam 13 156 cm va do 1éch chuan 1a 4.6 cm. Do d6, mot phu nir ¢6 chiéu cao 170
cm cling ¢ nghia la z = (170 — 156) / 4.6 = 3.04 d¢ léch chuin, va ti 1& cac phu nit Viét
Nam c6 chiéu cao cao hon 170 cm 14 rat thap, chi khoang 0.1%.

> l-pnorm(3.04)
[1] 0.001182891

Tim dinh lwgng (quantile) ciia mdt phan phoi chudn. D6i khi chung ta can
lam mot tinh toan dao nguoc. Chéng han nhu ching ta mudn biét: néu xac suat Z nho
hon mét hang sb z ndo do cho trude bang p, thi z 13 bao nhiéu? Dién ta theo ki hiéu xé4c
suat chung ta mudn tim z trong néu:

P(Z<z)=p

Dé tra 101 cau hoi nay, ching ta str dung ham qnorm (p, mean=, sd=).
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Vi du 7: Biét rang Z ~ N(0, 1) va néu P(Z < z) = 0.95, chiing ta muén tim z.

> gnorm(0.95, mean=0, sd=1)
[1] 1.044854

Hay P(Z < z) = 0.975 cho phan phdi chuan v&i trung binh 0 va d¢ 1éch chuén 1:

> gnorm(0.975, mean=0, sd=1)
[1] 1.959964

7.4 Chon mau ngau nhién (random sampling)

Trong xéc suat va thng ké, 14y mau nglu nhién rit quan trong, vi né dam bao
tinh horp li ciia cac phu’ong phap phan tich va suy luan thong ké. Véi R, chung ta c¢6 thé
]4y mau mot mAu ngau nhién bang cach st dung ham sample.

Vi du 8: Chung ta c6 mot quﬁn thé gém 40 nguoi (ma s61,2,3, ..., 40). Néu
chung ta muon chon 5 doi tugng quan thé do, ai s€ 1a nguoi duge chon? Chung ta c6 thé
dung Iénh sample () dé tra 161 cau héi d6 nhu sau:

> sample(1:40, 5)
[1] 32 26 6 18 9

Két qua trén cho biét dbi twong 32, 26, 8, 18 va 9 dugc chon. Mdi 1an ra 1énh nay, R s&
chon mot mau khéc, chir khong hoan toan giong nhu mau trén. Vi du:

> sample(1:40, 5)
[1] 5 22 35 19 4

> sample(1:40, 5)
[1] 24 26 12 6 22

> sample(1:40, 5)
[1] 22 38 11 6 18

V.V...

Trén day 1a 1énh dé chung ta chon miu ngau nhién ma khong thay thé (random sampling
without replacement), tirc 1a moéi 1an chon mau, chung ta khong bo lai cac mau da chon
vao quan thé.

Nhung néu chung ta mudn chon mau thay thé (ttrc mdi 1an chon ra mot s6 ddi tuong,
ching ta bo vao lai trong quan thé dé chon tiép lan sau). Vi dy, ching ta muon chon 10
nguoi tr mot quan thé 50 ngudi, bang cach 1dy mau véi thay thé (random sampling with

replacement), chiing ta chi can thém tham sé replace = TRUE:

> sample(1:50, 10, replace=T)
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[1] 31 44 6 8 47 50 10 16 29 23

Hay ném mot dong xu 10 1an; mdi 1an, di nhién dong xu c6 2 két qua H va T; va két qua
10 lan co6 thé 1a:

> sample(c ("H", "T"), 10, replace=T)
[l} "H" "T" "H" "H" "H" "T" "H" "H" "T" "T"

Ciing c6 thé tuong tuong ching ta c6 5 qua banh mau xanh (X) va 5 qua banh mau do (D)
trong mot bao. Néu ching ta chon 1 qua banh, ghi nhan mau, roi dé lai vao bao; rodi lai
chon 1 qua banh khac, ghi nhan mau, va bo vao bao lai. Ci nhu thé, chung ta chon 20
1an, két qua co6 thé 1a:

> sample (c ("X", "D"), 20, replace=T)
[1] "X" "D" "D" "D" "D" "D" "X" "X" "X" "X" "X" "D" "X" "X" "D" "X" "X" "X" "X"
[20] "D"

Ngoai ra, ching ta con c6 thé 1dy mau véi mot xac suat cho trudc. Trong ham sau day,
chung ta chon 10 doi tuong tir ddy s6 1 dén 5, nhung xac suat khong bang nhau:

> sample (5, 10, prob=c(0.3, 0.4, 0.1, 0.1, 0.1), replace=T)
[1] 31 32222251

boi tuong 1 dugc chon 2 lan, ddi tugng 2 dugc chon 5 lan, d6i tuong 3 dqu chon 2 l§~n,
v.v... Tuy khong hoan toan phu hop véi xac suat 0.3, 0.4, 0.1 nhu cung cap vi s6 mau
con nhd, nhung ciing khong qua xa véi ki vong.

8. Biéu do

Trong ngdn ngir R ¢o rat nhiéu cach dé thiét ké mot biéu d6 gon va dep. Phan 16n
nhirng ham dé thiét ké biéu d6 co sin trong R, nhung mot s6 loai biéu do tinh vi va phuc
tap khac c6 thé thiét ké bang cac package chuyén dung nhu lattice hay trellis co
thé tai tir website ciia R. Trong chuong nay t6i s& chi cach vé cac biéu do thong dung
bang cach sir dung cac ham phd bién trong R.

8.1 Sé liéu cho phan tich biéu do

Sau khi da biét qua moi truong va nhiing lya chon dé thiét ké mot biéu do, bay
gid chiing ta c6 thé sir dung mot s6 ham théng dung dé vé cac biéu do cho sb liéu. Theo
t6i, biéu d c6 thé chia thanh 2 loai chinh: biéu d6 dung dé mé ta mot bién sé va biéu do
vé mdi lién hé gitra hai hay nhiéu bién s6. Tat nhién, bién s6 c6 thé 1a lién tuc hay khong
lién tyc, cho nén, trong thuc té, chung ta c6 4 loai biéu dd. Trong phén sau day, toi s€
diém qua céc loai biéu dd, tir don gian dén phtc tap.

C6 18 cach tot nhat dé tim hiéu cach v& dd thi bang R 1a bing mot dit liéu thyc té.
To6i s€ quay lai vi du 2 (phan 4.2). Trong vi du do, ching ta c6 dit liéu gom 8 cot (hay
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bién s6): id, sex, age, bmi, hdl, 1dl, tc, va tg. (Chuy, id 1a mi sd
ctia 50 d6i twong nghién ctru; sex 1a gidi tinh (nam hay nit); age 1a do tudi; bmi 1a ti
s6 trong luong; hdl 14 high density cholesterol; 1d1 1a low density cholesterol; tc 14
tong s6 - total — cholesterol; va tg triglycerides). Dir liéu dwugc chira trong directory
directory c:\works\insulin dudi tén chol.txt. Trudc khi v& do thi, ching ta
bét dau bang cach nhap dit lidu nay vao R.

> setwd (“c:/works/stats”)
> cong <- read.table(“chol.txt”, header=TRUE, na.strings=".")
> attach (cong)

Hay dé tién viéc theo ddi toi s& nhép céac dir liu do b?mg cac 1énh sau day:

sex <- c¢(“Nam”, “Nu”, “Nu”,“Nam”,“Nam”, “Nu”,“Nam”, “*Nam”, “Nam”, “Nu”,
“Nu”, “Nam”, “Nu”,“Nam”, “Nam”, “Nu”, “Nu”, “Nu”, “Nu”, “Nu”,
“*Nu”, “Nu”, “Nu”, “Nu”,“Nam”,“Nam”, “Nu”,“Nam”, “Nu”, “Nu”,
“Nu”, “Nam”, “Nam”, “Nu”, “Nu”,“Nam”, “Nu”,“Nam”, “Nu”, “Nu”,
“Nam”, “Nu”,“Nam”, “Nam”, “*Nam”, “Nu”,“Nam”, “Nam”, “Nu”, “Nu”)

age <- c (57, 64, 60, 65, 47, 65, 76, 61, 59, 57,
63, 51, 60, 42, 64, 49, 44, 45, 80, 48,
61, 45, 70, 51, 63, 54, 57, 70, 47, 60,
60, 50, 60, 55, 74, 48, 46, 49, 69, 72,
51, 58, 60, 45, 63, 52, 64, 45, 64, 62)

bmi <- c¢( 17, 18, 18, 18, 18, 18, 19, 19, 19, 19, 20, 20, 20, 20, 20,
20, 21, 21, 21, 21, 21, 21, 21, 21, 22, 22, 22, 22, 22, 22,
22, 22, 22, 22, 23, 23, 23, 23, 23, 23, 23, 23, 24, 24, 24,
24, 24, 24, 25, 25)

hdl <- ¢(5.000,4.380,3.360,5.920,6.250,4.150,0.737,7.170,6.942,5.000,
4.217,4.823,3.750,1.904,6.900,0.633,5.530,6.625,5.960,3.800,
5.375,3.360,5.000,2.608,4.130,5.000,6.235,3.600,5.625,5.360,
6.580,7.545,6.440,6.170,5.270,3.220,5.400,6.300,9.110,7.750,
6.200,7.050,6.300,5.450,5.000,3.360,7.170,7.880,7.360,7.750)
1d1l <- ¢(2.0, 3.0, 3.0, 4.0, 2.1, 3.0, 3.0, 3.0, 3.0, 2.0,
5.0, 1.3, 1.2, ©0.7, 4.0, 4.1, 4.3, 4.0, 4.3, 4.0,
3.1, 3.6, 1.7, 2.0, 2.1, 4.0, 4.1, 4.0, 4.2, 4.2,
4.4, 4.3, 2.3, 6.0, 3.0, 3.0, 2.6, 4.4, 4.3, 4.0,
3.0, 4.1, 4.4, 2.8, 3.0, 2.0, 1.0, 4.0, 4.6, 4.0)
tc <-c (4.0, 3.5, 4.7, 7.7, 5.0, 4.2, 5.9, 6.1, 5.9, 4.0,
6.2, 4.1, 3.0, 4.0, 6.9, 5.7, 5.7, 5.3, 7.1, 3.8,
4.3, 4.8, 4.0, 3.0, 3.1, 5.3, 5.3, 5.4, 4.5, 5.9,
5.6, 8.3, 5.8, 7.6, 5.8, 3.1, 5.4, 6.3, 8.2, 6.2,
6.2, 6.7, 6.3, 6.0, 4.0, 3.7, 6.1, 6.7, 8.1, 6.2)
tg <~ ¢(1.1, 2.1, 0.8, 1.1, 2.1, 1.5, 2.6, 1.5, 5.4, 1.9,
1.7, 1.0, 1.6, 1.1, 1.5, 1.0, 2.7, 3.9, 3.0, 3.1,
2.2, 2.7, ©.1, 0.7, 1.0, 1.7, 2.9, 2.5, 6.2, 1.3,
3.3, 3.0, 1.0, 1.4, 2.5, 0.7, 2.4, 2.4, 1.4, 2.7,
2.4, 3.3, 2.0, 2.6, 1.8, 1.2, 1.9, 3.3, 4.0, 2.5)

~
~
~
~
~

cong <- data.frame (sex, age, bmi, hdl, 1dl, tc, tg)
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8.2 Biéu d6 cho mét bién sé roi rac (discrete variable): barplot

Bién sex trong dir li€u trén c6 hai gia tri (nam va nu), tirc 1a mot bién khong lién
tuc. Chung ta mudn biét tan so cua gidi tinh (bao nhiéu nam va bao nhiéu nir) va vé mat
biéu do don gian. D€ thuc hi¢n y dinh nay, trudc hét, chung ta can dung ham table dé
biét tan sb:

> sex.freq <- table (sex)
> sex.freq

sex
Nam Nu
22 28

C6 22 nam va 28 nita trong nghién ctru. Sau d6 dung ham barplot dé thé hién tan sb
nay nhu sau:

> barplot (sex.freq, main="Frequency of males and females”)

Biéu trén ciing c6 thé c6 dugc bang mot 1énh don gian hon (Biéu do 8a):

> barplot (table (sex), main="Frequency of males and females”)

Frequency of males and females Frequency of males and females

Nam

Biéu do 8a. Tan sb gidi tinh thé hién bang | Biéu do 8b. Tan s gidi tinh thé hién bang
cdt sO. dong so.

Thay vi thé hién tin s6 nam va nit bang 2 cot, ching ta c6 thé thé hién bang hai dong
bang thong sO horiz = TRUE, nhu sau (xem két qua trong Biéu do 6b):
> barplot (sex.freq,

horiz = TRUE,

col = rainbow(length (sex.freq)),
main="Frequency of males and females”)
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8.3 Biéu d6 cho hai bién sé ri rac (discrete variable): barplot

Age 12 mot bién sd lién tuc. Chiing ta c6 thé chia bénh nhan thanh nhiéu nhém

dua vao d¢ tudi. Ham cut c6 chlic nang “cat” mdt bién lién tuc thanh nhiéu nhom roi
rac. Chang han nhu:

> ageg <- cut(age, 3)
> table (ageq)
ageg
(42,54.7]1 (54.7,67.3] (67.3,80]
19 24 7

C6 hi¢u qua chia bién age thanh 3 nhém. Tan sé ctia ba nhoém nay 1a: 42 tudi dén 54.7
tudi thanh nhom 1, 54.7 dén 67.3 thanh nhém 2, va 67.3 dén 80 tudi thanh nhom 3.
Nhom 1 ¢6 19 bénh nhan, nhém 2 va 3 ¢6 24 va 7 bénh nhan.

Bay gi¢ chung ta mudn biét c6 bao nhiéu bénh nhan trong timg do tudi va ting gidi tinh
bang I¢nh table:

> age.sex <- table(sex, ageq)
> age.sex

ageg
sex (42,54.7] (54.7,67.3] (67.3,80]
Nam 10 10 2
Nu 9 14 5

Két qua trén cho thay chung ta co 10 bénh nhan nam va 9 nit trong nhom tudi thir nhét,
10 nam va 14 nira trong nhom tudi thr hai, v.v... D€ thé hién tan so cua hai bién nay,
ching ta van dung barplot:

> barplot (age.sex, main="Number of males and females in each age
group”)

45



Phan tich s liéu va biéu dd bang R Nguy&n Van Tuan

Number of males and females in each age group

o4
(42,54.7] (54.7,67.3] (67.3,80] (42,54.7] (54.7,67.3] (67.3,80]

Age group

Biéu do 9a. Tan so gidi tinh va nhom tudi | Biéu do 9b. Tan so6 gidi tinh va nhom tudi
thé hién bang cdt sO. thé hién bang hai dong so.

Trong Biéu d6 9a, mbi cot 1a cho mot do tudi, va phan ddm cua cot 1a nit, va phan mau
nhat 13 tan s6 ciia nam gidi. Thay vi thé hi€n tan s6 nam nit trong mot cdt, chung ta cling
c6 theé thé hién bang 2 c¢dt vdi beside=T nhu sau (Bi€u do 9b):

barplot (age.sex, beside=TRUE, xlab="Age group")

8.4 Biéu do hinh tron
Tan s6 mot bién roi rac cling co thé thé hién bfmg biéu d6 hinh tron. Vi du sau day vé
biéu d6 tan so6 cua do tuoi. Biéu do 10a 1a 3 nhém dd tudi, va Biéu do 10b 1a biéu do tan

sO cho 5 nhom tuoi:

> pie(table (ageqg))
pie (table (cut (age, 5)))
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(42,54.7)

(49.6,57.2] 42.496]

(72.4,80]

(67.3,80]

(64.8,72.4]
(54.7,67.3] (57.2,64.8]

Biéu d0 10a. Tan s6 cho 3 nhom tudi Biéu do 10b. Tan sb cho 5 nhom tudi

8.5 Biéu do cho mét bién s6 lién tuc: stripchart va hist
8.5.1 Stripchart

Biéu d0 strip cho chiing ta thay tinh lién tuc ciia mot bién s6. Chang han nhu
chiing ta mudn tim hiéu tinh lién tuc cua triglyceride (tg), ham stripchart () s€ gilp
trong muc ti€u nay:

> stripchart (tg,
main="Strip chart for triglycerides”, xlab="mg/L")

Strip chart for triglycerides

00 0000000000000 0000 000 O oo =] =]

mg/L
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Chung ta thiy bién s tg co su bit lién tuc, nhit 14 cac ddi twong cd tg cao. Trong khi
phan 16n doi tuong c6 dd tg thap hon 5, thi ¢ 2 doi tugng véi tg rat cao (>5).

8.5.2 Histogram

Age 1a mot bién sb lién tuc. DE v& biéu dd tan s6 cua bién sb age, chung ta chi
don gidn Iénh hist (age). Nhu da dé cap trén, chung ta c6 thé cai tién do thi nay bang
cach cho thém tya dé chinh (main) va tga d€ cua truc hoanh (x1lab) va tryc tung
(vlab):
> hist (age)

> hist (age, main="Frequency distribution by age group", xlab="Age
group", ylab="No of patients")

Histogram of age Frequency distribution by age group

Frequency
6
I
No of patients
6
I

[ T T T 1 r T T T 1
40 50 60 70 80 40 50 60 70 80

age Age group

Biéu do 11a. Truc tung la s6 bénh nhan (déi Biéu do 11b. Thém tén biéu dd va tén cua truc
tugng nghién ctru) va truc hoanh 1a do tudi. trung va truc hoanh béng xlabvaylab.
Chfmg han nhu tudi 40 dén 45 c6 6 bénh nhan,
tir 70 dén 80 tudi c6 4 bénh nhén.

Chung ta ciing c6 thé bién doi biéu d6 thanh mot d6 thi phan phdi xac sudt bang ham
plot (density) nhu sau (két qua trong Biéu do 12a):

> plot (density(age),add=TRUE)
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density.default(x = age)

Density
0.02 0.03 0.04
1 |

0.01
1

0.00
1

T T T T T T T
30 40 50 60 70 80 920

N =50 Bandwidth =3.806

Histogram of age

0.04
]

0.03
1

Density

0.02
1

0.01
1

0.00
L

T T T T 1
40 50 60 70 80

age

Biéu do 12a. Xac suat phan phdi mat d cho

bién age (d6 tudi).

Biéu do 12b. Xéc suat phan phdi mat do cho
bién age (dg tudi) voi nhiu interquartile.

Chung ta c6 thé v& hai d0 thi chong 1én bang cach dung ham interquartile nhu sau (két

qua xem Biéu dé 12b):

8.6 Biéu dd hop (boxplot)

bé ve€ bi€u do6 hop cua bién so tc, chung ta chi don gian 1énh:

> boxplot (tc,

main="Box plot of total cholesterol",

ylab="mg/L")

Box plot of total cholesterol

Biéu do 13. Trong biéu do nay, ching ta thiy median
(trung vi) khoang 5.6 mg/L, 25% total cholesterol thap
hon 4.1, va 75% thap hon 6.2. Total cholesterol thap nhat
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| 1a khoang 3, va cao nhat 13 trén 8 mg/L. ‘

Trong bi¢u do sau day, chung ta so sanh tc gifta hai nhém nam va ni¥:

> boxplot (tc ~ sex, main="Box plot of total cholestrol by sex”,
ylab="mg/L")

Két qua trinh bay trong Biéu dd 14a. Chuing ta c6 thé bién d6 giao dién cua dd thi bing
cach dung thong s6 horizontal=TRUE va thay d6i mau bang thong s6 col nhu sau
(Biéu do 14b):

> boxplot (tc~sex, horizontal=TRUE, main="Box plot of total

cholesterol"™, ylab="mg/L", col = "pink")

Box plot of total cholesterol by sex Box plot of total cholesterol
) E

a }' 777777777777777777777777777777777777 ‘|
i ‘ ‘ s . 5 . : :

Nam Nu
Biéu do 14a. Trong bicu do nay, ching ta | Biéu do 14b. Total cholesterol cho tung
thay trung vi cua total cholesterol & nit gidi | gidi tinh, vdi1 mau sac va hinh hop nam
thap hon nam gidi, nhung d6 dao dong gilra | ngang.
hai nhom khong khac nhau bao nhiéu.

8.7 Phan tich biéu d6 cho hai bién lién tuc

8.7.1 Biéu do tan xa (scatter plot)

Dé tim hiéu mdi lién hé giira hai bién, chung ta ding biéu do tan xa. Dé v& biéu do tan xa
veé moi lién h¢ gilra bién sO tc va hdl, chung ta st dung ham plot. Thoéng so thir nhat
cua ham plot 1a truc hoanh (x-axis) va thong so thir 2 1a truc tung. D¢ tim hic¢u moi lién

hé gilta tc va hdl chung ta don gian Iénh:

> plot(tc, hdl)
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hdl
o

o oo

Biéu do 15. MJdi lién hé giita tc va hdl. Trong biéu do
nay, ching ta v€ bién s60 hdl trén truc tung va tc trén
truc hoanh.

Chang ta muon phan biét giéi tinh (nam va ni¥) trong biéu do trén. D& v& bidu do do,
chung ta phai dung dén ham ifelse. Trong 1énh sau day, néu sex=="Nam” thi vé& ki
tu s6 16 (6 tron), néu khong nam thi vé& ki tu s6 22 (tirc 6 vudng):

> plot (hdl, tc, pch=ifelse(sex=="Nam", 16, 22))

Két qua la Bié}l dd 16a. Chiing ta ciing co thé thay ki tu thanh “M” (nam) va “F”
nit(xem Bi€u do 16b):

> plot(hdl, tc, pch=ifelse(sex=="Nam", “M”, “F”))
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hdl
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tc

hdl

Biéu do 16a. MJi lién hé giira tc va hdl theo | Biéu do 16a. Moi lién hé giira tc va hdl theo
tung gio1 tinh dugc thé hién bang hai ki hi¢u | ting gidi tinh dugc thé hién bang hai ki tu.
dau.

Chung ta cling c6 thé v& mot duong biéu dién hdi qui tuyén tinh (regression line) qua cac
diém trén bang cach ti€p tuc ra cac 1énh sau day:

> plot (hdl ~ tc, pch=16, main="Total cholesterol and HDL cholesterol",
xlab="Total cholesterol", ylab="HDL cholesterol"™, bty="1")

> reg <- Im(hdl ~ tc)

> abline (reqg)

Két qua 1a Biéu dd 17a dudi ddy. Chung ta ciing c6 thé dung ham tron (smooth function)
dé bi€u dién moi lién hé gitra hai bién s6. DO thi sau day st dung lowess (mot ham
thong thuong nhat) trong viéc “lam tron” so liéu tc va hdl (Biéu d6 17b).
> plot (hdl ~ tc, pch=16,

main="Total cholesterol and HDL cholesterol with LOEWSS smooth

function",
xlab="Total cholesterol", ylab="HDL cholesterol"™, bty="1")

> lines (lowess (hdl, tc, f=2/3, iter=3), col="red")
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Total cholesterol and HDL cholesterol

HDL cholesterol

Total cholesterol

Total cholesterol and HDL cholesterol with LOEWSS smooth function

HDL cholesterol

T T T T T T
3 4 5 6 7 8

Total cholesterol

Biéu do6 17a. Trong I¢nh trén, reg<-
1m (hdl~tc) c6 nghia la tim phuong trinh
lién hé gitta hdl va tc bang linear model
(1m) va d8at két qua vao ddi tuong reg.
Lénh thtr hai abline (reg) yéu cau R v&
dudng thing tir phuong trinh trong reg

Biéu do 17b. Thay vi dung abline, ching ta
dung ham lowess dé¢ thé hién moi lién hé gitra
tcvahdl.

Ban doc c6 thé thi nghiém v&i nhiéu thong sé £=1/2, £=2/5, hay thdm chi £=1/10

s& thiy d6 thi bién d6i mot cach “thl vi”.

8.8 Phan tich Biéu d6 cho nhiéu bién: pairs

Chung ta c6 thé tim hiéu mdi lién hé gitra cac bién sb nhu age, bmi, hdl, 1dlva
tc bang cach dung I¢énh pairs. Nhung trudc hét, ching ta phai dua cac bién so nay
vao mit data.frame chi gdm nhiing bién s6 c6 thé v€ dugc, va sau do st dung ham

pairs trong R.

> lipid <- data.frame (age,bmi,hdl, 1dl, tc)

> pairs(lipid, pch=16)

Két qua s& 1a:
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8.9 Biéu do vé&i sai s6 chuan (standard error)

Trong biéu d6 sau ddy, chung ta ¢6 5 nhom (bién sé x duoc md phong chir khong phai s6
liéu that), va mdi nhom co gia tri trung binh mean, va dd tin cay 95% (1cl va ucl).
Thong thuong lcl=mean-1.96*SE va ucl = mean+1.96*SE (SE 1a sai sb
chuén). Ching ta mudn v& biéu dd cho 5 nhom voi sai sé chuan d6. Cac 1énh va ham sau
day s& can thiét:

group <- c¢(1,2,3,4,5)

mean <- c¢(1.1, 2.3, 3.0, 3.9, 5.1)

lcl <= ¢(0.9, 1.8, 2.7, 3.8, 5.0)

ucl <- ¢ (1.3, 2.4, 3.5, 4.1, 5.3)

plot (group, mean, ylim=range(c(lcl, ucl)))

arrows (group, ucl, group, lcl, length=0.5, angle=90, code=3)

vV V V V VYV
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mean

group

9. Phan tich thong ké mé ta

9.1 Théng ké md ta (descriptive statistics, summary)

Pé minh hoa cho viéc ap dung R vao théng ké mo ta, to1 s€ sir dung mot dir ligu
nghién ctru c6 tén 13 igfdata. Trong nghién ciru nay, ngoai cac chi sb lién quan dén
gidi tinh, d6 tudi, trong lwong va chiéu cao, chung t6i do ludng cac hormone lién quan
dén tinh trang ting truong nhw igfi, igfbp3, als, va cic markers lién quan dén
su chuyén hoa cia xuong pinp, ictp va pinp. C6 100 ddi tugng nghién cou. D
liu nay dugc chira trong directory c:\works\stats. Trudc hét, ching ta can phai
nhap dir liéu vao R véi nhitng 1€nh sau day (cac cau chir theo sau dau # 1a nhitng chi

thich dé ban doc theo ddi):

> optigns(width=lOO)
# chuyén directory
> setwd("c:/works/stats")

# doc dix 1liéu vao R
igfdata <- read.table("igf.txt", header=TRUE, na.strings=".
> attach(igfdata)

\

3+

xem xét cac cdét sbé trong dit liéu
> names (igfdata)

[l} "id'l "SeX" "age" "weight" "height"
[7} "igfi" 'ligfbp3'l "als" "pinp" "ictp"
> igfdata
id sex age weight height ethnicity igfi igfbp3 als
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1 1 Female 15 42 162 Asian 189.000 4.00000 323.667 353.970 11.2867
2 2  Male 16 44 160 Caucasian 160.000 3.75000 333.750 375.885 10.4300
3 3 Female 15 43 157 Asian 146.833 3.43333 248.333 199.507 8.3633
4 4 Female 15 42 155 Asian 185.500 3.40000 251.000 483.607 13.3300
5 5 Female 16 47 167 Asian 192.333 4.23333 322.000 105.430 7.9233
6 6 Female 25 45 160 Asian 110.000 3.50000 284.667 76.487 4.9833
7 7 Female 19 45 161 Asian 157.000 3.20000 274.000 75.880 6.3500
8 8 Female 18 43 153 Asian 146.000 3.40000 303.000 86.360 7.3700
9 9 Female 15 41 149 Asian 197.667 3.56667 308.500 254.803 11.8700
10 10 Female 24 45 157 African 148.000 3.40000 273.000 44.720 3.7400
97 97 Female 17 54 168 Caucasian 204.667 4.96667 441.333 64.130 5.1600
98 98 Male 18 55 169 Asian 178.667 3.86667 273.000 185.913 7.5267
99 99 Female 18 48 151 Asian 237.000 3.46667 324.333 105.127 5.9867
100 100 Male 15 54 168 Asian 130.000 2.70000 259.333 325.840 10.2767
Trén day chi la mdt phan so liéu trong s6 100 doi tuong.
Cho mét bién s6 x,,x,,x;,...,x, ching ta c6 thé tinh todn mot s6 chi s6 thong ké mo ta
nhu sau:
Li thuyét Ham R

B . _ 1 mean (x)
SO trung binh: ¥ =—in.

nio
.9 1 =n v var (x)
Phuong sai: s :—Z(xl- —x)
n—lizl

A 1A 2 sd (x
Do 1éch chuan: s =+/s” (x)

.z 2 S Khén co
Sai s0 chuan (standard error): SE = — £

\n

Tri s0 thap nhat min (x)
Tri sO cao nhat max (x)
Toan cu (range) range (x)

Vi du 9: Dé tim gia trj trung binh ctia do tudi, ching ta chi don gian 1énh:

> mean (age)
[1] 19.17

Hay phuong sai va doc 1éch chuan cuta tubi:

> var (age)
[1] 15.33444

> sd(age)
[1] 3.915922
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.3367
.7450
.5000
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.5033
.9367
.3200
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Tuy nhién, R ¢6 1énh summary cé thé cho chung ta tit ca thong tin théng ké vé mot bién
sO:

> summary (age)
Min. 1lst Qu. Median Mean 3rd Qu. Max.
13.00 16.00 19.00 19.17 21.25 34.00

Néi chung, két qua nay don gian va cac viét tit ciing c6 thé d& hiéu. Chua y, trong
két qua trén, co hai chi s6 “Ist Qu” va “3rd Qu” co nghia la first quartile (twong
duong v6i vi tri 25%) va third quartile (twong duwong véi vi tri 75%) ctia mot bién sb.
First quartile = 16 ¢ nghia 1a 25% ddi tugng nghién ctru co d6 tudi bang hoic nho hon
16 tudi. Tuong ty, Third quartile = 34 c6 nghia 1a 75% d6i tugng c6 do tudi bang hoic
thap hon 34 tudi. Tat nhién s6 trung vi (median) 19 ciing c6 nghia 1a 50% ddi tuong c6
do tudi 19 tré xudng (hay 19 tudi tro 1én).

R khong c6 ham tinh sai sé chuan, va trong ham summary, R ciing khong cung
cap do 1éch chuan. Bé co cac so nay, ching ta c6 thé ty viet mot ham don gidn (hay goi

la desc) nhu sau:

desc <- function (x)

{
av <- mean (x)
sd <- sd(x)
se <- sd/sqgrt (length (x))
c (MEAN=av, SD=sd, SE=se)
}

Va c6 thé goi ham nay dé tinh bat ctr bién nao ching ta mudn, nhu tinh bién als sau
day:
> desc(als)

MEAN SD SE
301.841120 58.987189 5.898719

Pé c6 mot “quang canh” chung vé dit liéu igfdata ching ta chi don gian lénh
summary nhu sau:

> summary (igfdata)

id sex age weight height ethnicity
Min. : 1.00 Female: 69 Min. :13.00 Min. :41.00 Min. :149.0 African : 8
st Qu.: 25.75 Male :31 Ist Qu.:16.00 1st Qu.:47.00 Ist Qu.:157.0 Asian : 60
Median : 50.50 Median :19.00 Median :50.00 Median :162.0 Caucasian:30
Mean : 50.50 Mean :19.17 Mean :49.91 Mean :163.1 Others 2
3rd Qu.: 75.25 3rd Qu.:21.25 3rd Qu.:53.00 3rd Qu.:168.0
Max. :100.00 Max. :34.00 Max. :60.00 Max. :196.0
igfi 1igfbp3 als pinp ictp
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Min. : 85.71 Min. :2.000 Min. :192.7 Min. : 26.74 Min. : 2.697
st Qu.:137.17 Ist Qu.:3.292 1st Qu.:256.8 1st Qu.: 68.10 st Qu.: 4.878
Median :161.50 Median :3.550 Median :292.5 Median :103.26 Median 6.338
Mean :165.59 Mean :3.617 Mean :301.8 Mean :167.17 Mean : 7.420
3rd Qu.:186.46 3rd Qu.:3.875 3rd Qu.:331.2 3rd Qu.:196.45 3rd Qu.: 8.423
Max. :427.00 Max. :5.233 Max. 4717 Max. :742.68 Max. 1.237

p3np
Min. 2.343
1st Qu.: 4.433
Median 5.445
Mean 6.341
3rd Qu.: 7.150
Max . :16.303

R tinh toan tit ca cac bién sd nao co thé tinh toan duge! Thanh ra, ngay ca cot id
(trc ma s6 ctia ddi twong nghién ciru) R ciing tinh luén! (va ching ta biét két qua cua cot
id chang c6 ¥ nghia thong ké gi). Di voi cac bién sé mang tinh phan loai nhu sex va
ethnicity (sic toc) thi R chi bao cdo tin s6 cho mdi nhom.

Két qua trén cho tit ca dbi twong nghién ctru. Néu
ting nhom nam va nit riéng biét, ham by trong R rat hiru

ching ta yéu cau R tom lugc dit liéu igfdata theo sex.

> by (igfdata,

sex,

sex
Female:69
Male 0

igfi
Min. 85.
1st Qu.:136.
Median :163.
Mean :167.
3rd Qu.:186.
Max. 427,
ictp
Min.
1st Qu.:
Median
Mean
3rd Qu.:
Max.

summary)

Mi

1st Qu.
Median

Me

3rd Qu.:

Ma

weight

n.

an

X.

:41.
:47.
:50.
:49.
52.
:60.

Min.
1st Qu.:

Median

Mean

3rd Qu.

Max.

00
00
00
35
00
00
als

sex: Female
id
Min. : 1.0
1st Qu.:21.0
Median :47.0
Mean :48.2
3rd Qu.:75.0
Max. :99.0
ethnicity
African 4
Asian :43
Caucasian:22
Others 0
pinp
Min. 26.74
st Qu.: 62.75
Median 78.50
Mean :108.74
3rd Qu.:115.26
Max. :502.05
sex: Male
id
Min. : 2.00
1st Qu.: 34.50
Median 56.00
Mean 55.61
3rd Qu.: 75.00
Max. :100.00
ethnicity

sex
Female:
Male

igfi

ag
Min.
1st Qu.
Median
Mean
3rd Qu.
Max.

e
:14
:15.
:17.
:18.
:20.
:27.

.00

00
00
23
00
00

igfbp3
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Min.
1st
Medi
Mean
3rd
Max.

weig

Qu.

an

ht

:48.
:51.

:51.

Qu. :

53.

height
Min. :149.0
1st Qu.:156.0
Median :162.0
Mean :161.9
3rd Qu.:166.0
Max. :196.0
:204.3
263.8
:302.7
:311.5
:361.7
:471.7
height
.00 Min. :155.
50 1st Qu.:161.
00 Median :164.
16 Mean :165.
50 3rd Qu.:1609.
00 Max. :191.

:59.

als

O O oy O Ul O

chung ta mubn két qua cho
dung. Trong I¢nh sau day,



Phan tich s liéu va biéu dd bang R

Nguy&n Van Tuan

African
Asian
Caucasian:
Others

pinp

Min. : 56.

1st Qu.:135.
Median :245
Mean :297
3rd Qu.:450.

Max. 742,

V V VYV VYVYV

17
8
2

28
07

.92
.21

38
68

Min.
1st Qu.
Median

Mean
3rd Qu.:
Max.
i

Min.

1st Qu.:

Median
Mean

3rd Qu.

Max.

94.

:138.
:160.
:160.

183.

:274.

ctp

o W

:10.
:13.
:21.

67
67
00
29
00
00

.650
.900
.513
173
517
237

Min.
l1st Qu.:
Median
Mean

3rd Qu.:
Max.

p
Min.

1st Qu.:

Median
Mean
3rd Qu.
Max.

Wb WwWwwwwN

.000
.183
.500
.443
.775
.500

np

O O JJ 0w

01
:1

.390
.375
.140
.895

010
303

Min.
1st Qu.
Median
Mean
3rd Qu.:
Max.

:192.
:249.
:276.
:280.
311.
:388.

~ W N O oI

Dé xem qua phan phoi ctiia cac hormones va chi so sinh héa cung mot lic, chung
ta ¢o thé v€ do thi cho tat ca 6 bién s6. Trudc hét, chia man anh thanh 6 ctra s6 (véi 2
dong va 3 cot); sau d6 lan lugt vé:

op <- par (mfrow=c(2,3))
hist (igfi)
hist (igfbp3)

hist

pinp)

hist (ictp)
hist (p3np)

(

(
hist (als)
(

(

(
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9.2 Théng ké mé ta theo tirng nhém

Néu ching ta mudn tinh trung binh cta mét bién sd nhu igfi cho mdi nhém nam
va nit gidi, ham tapply trong R cé thé dung cho viéc nay:

> tapply(igfi, list(sex), mean)
Female Male
167.9741 160.2903

Trong Iénh trén, 1gfi la bién sb chung ta can tinh, bién s6 phan nhom la sex, va chi )
thong ké chung ta mudn Ia trung binh (mean). Qua két qua trén, ching ta thay s trung
binh ciia igfi cho nir gidi (167.97) cao hon nam gidi (160.29).

Nhung néu chiing ta mudn tinh cho ting gi6i tinh va sic tdc, ching ta chi can thém mot
bién s0 trong ham 1ist:

> tapply(igfi, list(ethnicity, sex), mean)

Female Male
African 145.1252 120.9168
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Asian 165.6589 160.4999
Caucasian 176.6536 169.4790
Others NA 200.5000

Trong két qua trén, NA c6 nghia 13 “not available”, tirc khong c6 sb liéu cho phu nir trong
cac sac toc “others”.

9.3 Kiém dinh t (t. test)

Kiém dinh t dya vao gia thiét phan ph01 chuan. Co hai loai kiém dinh t: kiém
dinh t cho mot mau  (one-sample t-test), va kiém dinh t cho hai mau (two- sample t-test).
Kiém dinh t mot mau nam tra 1oi cau hoi dit lidu ttr mot mau c6 phai that su bang mot
thong s6 nao d6 hay khong. Con kiém dinh t hai mau thi nham tra 16i cau héi hai mau c6
cing mot luat phan phdi, hay cu thé hon 1a hai miu c6 that sy c6 cung tri sé trung binh
hay khong. Tbi s& 1an lugt minh hoa hai kiém dinh nay qua s6 liéu igfdata trén.

9.3.1 Kiém dinh t m6t mau

Vi du 10. Qua phan tich trén, ching ta thdy tudi trung binh ctia 100 dbi tugng
trong nghién ctru ndy 1a 19.17 tudi. Chang han nhu trong quan thé nay, truéc day ching
ta biét rang tudi trung binh 1a 30 tudi. Van d& dat ra 1 c6 phai miu ma ching ta c6 duoc
c6 dai dién cho quan thé hay khong. Noi cach khéc, chiing ta mudn biét gia trj trung binh
19.17 c6 that su khac vai gia tri trung binh 30 hay khong.

D¢ tra 10i cAu hoi nay, ching ta sir dung kiém dinh t. Theo li thuyét thong ké,
kiém dinh t dugc dinh nghia bang cong thirc sau day:

=2 "H
s/\/;

Trong d6, X 1a gi4 tri trung binh cia miu, x 13 trung binh theo gia thiét (trong truong
hop nay, 30), s 12 do 1éch chuan, va n 1a s6 lugng mau (100). Néu gia tri t cao hon gia tri
li thuyét theo phan phéi t & mot tiéu chuan co y nghia nhu 5% chang han thi ching ta co
li do dé phat biéu khac biét c6 ¥ nghia thong ké. Gia tri ndy cho mau 100 c¢6 thé tinh toan
bang ham gt cia R nhu sau:

> gt (0.95, 100)
[1] 1.660234

Nhung c6 mot cach tinh toan nhanh gon hon dé tra 11 cau hoi trén, bang cach dung ham
t.test nhu sau:

> t.test (age, mu=30)

One Sample t-test
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data: age
t = -27.6563, df = 99, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to 30
95 percent confidence interval:

18.39300 19.94700
sample estimates:
mean of x

19.17

Trong I¢nh trén age 1a bién s6 chung ta can kiém dinh, va mu=30 1a gia tri gia thiét. R
trinh bay trj s6 t = -27.66, véi 99 bac tu do, va tri s6 p < 2.2e-16 (tirc rat thap). R
ciing cho biét do tin cdy 95% cua age 1a tir 18.4 tudi dén 19.9 tudi (30 tudi nim qua ngoai
khoang tin cy nay). Noi cach khéac, chung ta ¢ li do dé phat biéu rang do tudi trung
binh trong mau nay that sy thip hon do tudi trung binh cia quan thé.

9.3.2 Kiém dinh t hai miu

Vi du 11. Qua phan tich mé ta trén (phAm summary) chung ta thiy phu nit c¢6 do
hormone igfi cao hon nam gidi (167.97 va 160.29). Cau héi dat ra 1a c6 phai that sy d6
la mét khac biét c6 hé thong hay do cac yeu to ngau nhién giy nén. Tra 101 cau hoi nay,
chung ta can xem xét mirc d9 khac biét trung binh gitta hai nhém va dd 1éch chuan cia do
khac biét.

Zf_z
SED
Trong d6 X, va X, 1a so trung binh cta hai nhém nam va nit, va SED la d¢ 1éch chuan

=

ctia (¥, - X,) . Thuc ra, SED c6 thé udc tinh bang cong thic:

SED =/SE? + SE?

Trong d6 SE, va SE, 14 sai s6 chuan (standard error) ctia hai nhém nam va nit. Theo li
thuyét x4c suét, ¢ tuan theo luat phan phdi ¢ v6i bac tw do n, +n, —2, trong d6 n; va n; 1a
s6 mau cta hai nhom. Chiing ta c6 thé dung R dé tra 10 cau hoi trén bang ham t . test
nhu sau:

> t.test(igfi~ sex)
Welch Two Sample t-test

data: 1igfi by sex
t = 0.8412, df = 88.329, p-value = 0.4025
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

-10.46855 25.83627

sample estimates:
mean in group Female mean in group Male

167.9741 160.2903
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R trinh bay cac gia tri quan trong trudc hét:
t = 0.8412, df = 88.329, p-value = 0.4025

df 1a bac tu do. Tri sb p = 0.4025 cho théy murc do khéc biét gitra hai nhom nam va nir
khong c6 ¥ nghia thong ké (vi cao hon 0.05 hay 5%).

95 percent confidence interval:
-10.46855 25.83627

1a khoang tin cdy 95% vé do khac biét giira hai nhom. Két qua tinh toan trén cho biét do
igf & nit gidi c6 thé thip hon nam gidi 10.5 ng/L hodc cao hon nam gidi khoang 25.8
ng/L. Vi do khac biét qua 16n va d6 1a thém bang ching cho thdy khong co khac biét c6
¥ nghia thong ké giira hai nhom.

Kiém dinh trén dua vao gia thiét hai nhém nam va nir ¢6 khac phuong sai. Néu
chung ta c¢6 li do dé cho rang hai nhém c6 cung phuong sai, chung ta chi thay doi mot
thong so trong ham t véi var . equal=TRUE nhu sau:

> t.test(igfi~ sex, var.equal=TRUE)
Two Sample t-test

data: 1igfi by sex
t =0.7071, df = 98, p-value = 0.4812
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-13.88137 29.24909
sample estimates:
mean in group Female mean in group Male
167.9741 160.2903

Vé mic sb, két qua phan tich trén c6 khac chut it so voi két qua phén tich dwa vao gia
dinh hai phuong sai khac nhau, nhung tri s6 p cling di dén mdt ket luan rang do khac biét
gitra hai nhém khong c6 y nghia thong ké.

9.4 Kiém dinh Wilcoxon cho hai mau (wilcox. test)

Kiém dinh t dwa vao gia thiét 1a phan phdi cia mot bién phai tuén theo luat phan
phoi chuan. Neéu gid dinh nay khong dung, két qua ctua ki€ém dinh t ¢ thé khong hop 1i
(valid). Bé kiém dinh phan phoi cua igfi, chung ta cé thé dung ham shapiro.test
nhu sau:
> shapiro.test (igfi)

Shapiro-Wilk normality test
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data: igfi
W = 0.8528, p-value = 1.504e-08

Tri s6 p nho hon 0.05 rit nhiéu, cho nén ching ta ¢ thé néi rang phan phdi cia igfi
khong tuan theo luat phan phdi chuan. Trong trudng hop nay, viéc so sanh giita hai
nhém c6 thé dua vao phuong phap phi tham sé (non-parametric) c6 tén 1a kiém dinh
Wilcoxon, vi kiém dinh nay (khéng nhu kiém dinh t) khong tiiy thudc vao gia dinh phan
phéi chuan.

> wilcox.test (igfi ~ sex)
Wilcoxon rank sum test with continuity correction

data: igfi by sex
W = 1125, p-value = 0.6819
alternative hypothesis: true mu is not equal to O

Tri s6 p = 0.682 cho thiy qua that do khac biét vé igfi giita hai nhom nam va nit khong
c6 y nghia thong ké. K&t luan nay cling khong khac véi két qua phan tich bang ki€ém dinh
t.

9.5 Kiém dinh t cho cac bién sé theo cip (paired t-test, t . test)

Kiém dinh t vira trinh bay trén 1a cho cac nghién ciru gdm hai nhom doc 1ap nhau
(nhu gitra hai nhdm nam va nir), nhung khong thé ing dung cho cac nghién ctru ma mot
nhém ddi tuong dugc theo ddi theo thoi gian. To6i tam goi cac nghién ctru nay la nghién
ctru theo cdp. Trong cac nghién ctru nay, chung ta can st dung mot kiém dinh t ¢6 tén 1a
paired t-test.

Vi du 12. Mot nhém bénh nhan gém 10 nguodi dugce diéu tri béng mot thude
nham giam huyét ap. Huyet ap cua bénh nhén duoc do luc khoi dau nghién ciru (lic chua
di€u tri), va sau khi di¢u khi. So liéu huyét ap cua 10 bénh nhan nhu sau:

Trudc khi didu tri (x)) | 180, 140, 160, 160, 220, 185, 145, 160, 160, 170

Sau khi diéu tri (x)) 170, 145, 145, 125, 205, 185, 150, 150, 145, 155

Cau hoi dat ra 1a d6 bién chuyén huyét ap trén c6 du dé két luan rang thude didu tri co
hi€u qua giam ap huyét. D¢ tra 161 cau héi nay, ching ta dung kiém dinh t cho tirng cap
nhu sau:

# nhédp dt kién

before <- ¢ (180, 140, 160, 160, 220, 185, 145, 160, 160, 170)
after <- c¢(170, 145, 145, 125, 205, 185, 150, 150, 145, 155)
bp <- data.frame (before, after)

vV V V V

\Y%

# kiém dinh t
t.test (before, after, paired=TRUE)

\Y
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Paired t-test

data: before and after
t = 2.7924, df = 9, p-value = 0.02097
alternative hypothesis: true difference in means is not equal to
0
95 percent confidence interval:
1.993901 19.006099
sample estimates:
mean of the differences
10.5

Két qua trén cho thiy sau khi didu tri 4p suét mau giam 10.5 mmHg, va khoang tin cay
95% la tir 2.0 mmHg dén 19 mmHg, vai tri s6 p = 0.0209. Nhu vay, chung ta c6 bang
chung dé phat biéu rang muc d¢ giam huyét ap c6 y nghia thong ké.

Chuy néu chung ta phén tich sai bang kiém dinh thong ké cho hai nhom doc 1ap dudi day
thi tri s0 p = 0.32 cho biét mirc d§ giam ap suat khong c6 y nghia thong keé!

> t.test (before, after)
Welch Two Sample t-test

data: before and after
t =1.0208, df = 17.998, p-value = 0.3209
alternative hypothesis: true difference in means is not equal to
0

95 percent confidence interval:

-11.11065 32.11065

sample estimates:
mean of x mean of y

168.0 157.5

9.6 Kiém dinh Wilcoxon cho cac bién s6 theo cip (wilcox. test)

Thay vi dung kiém dinh t cho ting cdp, ching ta ciing c6 thé st dung ham
wilcox.test cho cung muc dich:

> wilcox.test (before, after, paired=TRUE)
Wilcoxon signed rank test with continuity correction
data: before and after
V = 42, p-value = 0.02291
alternative hypothesis: true mu is not equal to 0
Két qua trén mot 1an nira khang dinh rang d6 giam ap suat mau cé y nghia thong ké véi

tri s6 (p=0.023) chang khac méy so v6i kiém dinh t cho timg cip.
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9.7 Tan sé (frequency)

Ham table trong R ¢ chirc ning cho ching ta biét vé tan sd cia mot bién sb
mang tinh phéan loai nhu sex va ethnicity.

> table (sex)

sex

Female Male
69 31

> table(ethnicity)

ethnicity
African Asian Caucasian Others
8 60 30 2

Mot bang théng ké 2 chiéu:

> table(sex, ethnicity)

ethnicity
sex African Asian Caucasian Others
Female 4 43 22 0
Male 4 17 8 2

Chu ¥ trong cac bang thong ké trén, ham table khong cung cép cho chung ta s phan
tram. DE tinh s6 phan tram, chung ta can dén ham prop. table va cach st dung c6 thé
minh hoa nhu sau:

# tao ra mot object tén 1la freq dé chta két quad tén sb
> freq <- table(sex, ethnicity)

# kiém tra két qua

> freq
ethnicity
sex African Asian Caucasian Others
Female 4 43 22 0
Male 4 17 8 2

# dung ham margin.table dé xem két qua
> margin.table (freq, 1)
sex
Female Male
69 31

> margin.table (freq, 2)

ethnicity
African Asian Caucasian Others
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8 60 30 2

# tinh phédn trdm bdng ham prop.table
> prop.table(freq, 1)
ethnicity
sex African Asian Caucasian Others
Female 0.05797101 0.62318841 0.31884058 0.00000000
Male 0.12903226 0.54838710 0.25806452 0.06451613

Trong bang thong ké trén, prop. table tinh ti 1é sic toc cho tfmg gi6i tinh. Chang han
nhu ¢ nir gioi (female), 5.8% la nguoi Phi chéu, 62.3% la nguoi A chau, 31.8% la nguoi
Tay phuong da trang . Tong cong 1a 100%. Tuong tu, & nam gidi ti 1¢ ngudi Phi chau 1a
12.9%, A chau 1a 54.8%, v.v...

# tinh phidn trd&m bing ham prop.table
> prop.table(freq, 2)
ethnicity
sex African Asian Caucasian Others
Female 0.5000000 0.7166667 0.7333333 0.0000000
Male 0.5000000 0.2833333 0.2666667 1.0000000

Trong bang thong ké trén, prop. table tinh ti 1 gi6i tinh cho timg sic toc. Chang han
nhu trong nhém nguoi A chau, 71.7% 1a nit va 28.3% la nam.

# tinh phédn trdm cho toan bd bang
> freqg/sum(freq)

ethnicity
sex African Asian Caucasian Others
Female 0.04 0.43 0.22 0.00
Male 0.04 0.17 0.08 0.02

9.8 Kiém dinh ti lé (proportion test, prop.test, binom.test)

Kiém dinh mot ti 1¢ thuong dua vao gia dinh phan phdi nhi phéan (binomial distribution).
Véi mot s6 mau n va ti 18 p, va néu n 16n (ttc hon 50 chang han), thi phan phéi nhi phan
c6 the twong du’orng v6i phan phdi chuan véi sd trung binh np va phuorng sai np(1 — p)
Goi x 12 s6 bién cb ma chiing ta quan tim, kiém dinh gia thiét p = n c6 thé sir dung thong
ké sau day:

X—nrw
I’lﬂ'(l—ﬂ)

O day, z tuan theo luat phén’phéi chuan véi trung binh 0 va phuong sai 1. Cing c6 thé
noi z* tuan theo ludt phan phdi Chi binh phuong véi bac ty do bang 1.
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Vi du 13. Trong nghién ciru trén, chung ta thdy c6 69 nit va 31 nam. Nhu vay ti
1€ nir 1a 0.69 (hay 69%). D¢ kiém dinh xem ti 1€ nay co6 that sy khac véi ti 1€ 0.5 hay
khong, chung ta c6 thé sir dung ham prop.test (x, n, m) nhu sau:

> prop.test (69, 100, 0.50)
l-sample proportions test with continuity correction

data: 69 out of 100, null probability 0.5
X-squared = 13.69, df = 1, p-value = 0.0002156
alternative hypothesis: true p is not equal to 0.5
95 percent confidence interval:

0.5885509 0.7766330
sample estimates:

P
0.69

Trong két qua trén, prop.test udc tinh ti 18 nit gidi 1a 0.69, va khoang tin cay 95% la
0.588 den 0.776. Gia tri Chi binh phuong la 13.69, véi tri s6 p = 0.00216. Nhu vay,
nghién ctru nay co ti 1€ nit cao hon 50%.

Mot cach tinh chinh xac hon kiém dinh ti 1& 1a kiém dinh nhj phin bionom. test (x,
n, m) nhu sau:

> binom.test (69, 100, 0.50)
Exact binomial test

data: 69 and 100
number of successes = 69, number of trials = 100, p-value = 0.0001831
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:
0.5896854 0.7787112
sample estimates:
probability of success
0.69

Noi chung, két qué ciia kiém dinh nhj phan khong khac gi so v6i kiém dinh Chi binh
phuong, véi tri sO p = 0.00018, chung ta cang c6 bang ching dé két luan rang ti 1€ nir gidi
trong nghién ctru nay that sy cao hon 50%.

9.9 So sanh hai tilé (prop.test, binom.test)

Phuong phap so sanh hai ti 1€ co thé khai trién truc tiép tir 1i thuyet klem dinh mot ti 1€
vua trinh bay trén. Cho hai mau véi sb dbi tuong n; va ny, va so bién ¢d 1a x; va x,. Do
do, ching ta c6 thé udc tinh hai ti € prvap,. Li thuyét xac suit cho phép ching ta phat
biéu rang d6 khac biét gitta hai mau d = p; — p, tuan theo ludt phan phdi chuan véi sd
trung binh 0 va phuong sai bang:
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1 1
V,= [—+—jp(1—p)
nonm
Trong do:
_hth
n +n,

Thanh ra, z = d/Vy tuan theo luat phan phéi chuan véi trung binh 0 va phuong sai 1. Noi
cach khac, z* tuan theo ludt phan phéi Chi binh phuong véi bac tu do bang 1. Do do,
chung ta cling c6 thé sir dung prop. test d€ kiém dinh hai ti 1¢.

Vi du 14. Mot nghién ciru dugc tién hanh so sanh hidu qua cua thubc chéng giy
xuong. Bénh nhan dugc chia thanh hai nhom: nhom A duoc diéu tri gom c6 100 bénh
nhan, va nhém B khong duoc diéu tri gdm 110 bénh nhan. Sau thoi gian 12 ‘thang theo
doi, nhém A c6 7 nguoi bi gdy xwong, va nhém B ¢6 20 nguoi gay xuong. Vian dé dat ra
1a ti 1& gdy xuong trong hai nhém ndy bang nhau (ttc thuc khong c6 hiéu qua)? Dé
kiém dinh xem hai ti 16 nay c6 that su khac nhau, ching ta c6 thé st dung ham

prop.test(x, n, m) nhu sau:

> fracture <- c (7, 20)
> total <- ¢ (100, 110)
> prop.test (fracture, total)

2-sample test for equality of proportions with continuity
correction

data: fracture out of total
X-squared = 4.8901, df = 1, p-value = 0.02701
alternative hypothesis: two.sided
95 percent confidence interval:
-0.20908963 -0.01454673
sample estimates:
prop 1 prop 2
0.0700000 0.1818182

K&t qua phan tich trén cho thdy ti 1¢ gdy xuong trong nhom 1 1a 0.07 va nhom 2 1a 0.18.
Phén tich trén con cho thay xac sudt 95% rang do khac biét gitta hai nhom c6 thé 0.01

dén 0.20 (tirc 1 dén 20%). Vi tri s6 p = 0.027, ching ta ¢6 thé noéi rang ti 1¢ gdy xuong
trong nhom A qua that thap hon nhom B.

9.10 So sanh nhiéu tilé (prop.test, chisq.test)

Kiém dinh prop.test con co thé st dung dé kiém dinh nhiéu ti 18 cung mot luc.
Trong nghién ctru trén, chung ta c6 4 nhom sac tdc va tan so cho ting gidi tinh nhu sau:

> table(sex, ethnicity)
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ethnicity
sex African Asian Caucasian Others
Female 4 43 22 0
Male 4 17 8 2

Chung ta mudn biét ti 1& nit gidi giita 4 nhom sic toc co khac nhau hay khong, va dé tra
101 cau hdi nay, chung ta lai dung prop . test nhu sau:

> female <- c( 4, 43, 22, 0)
> total <- ¢ (8, 60, 30, 2)
> prop.test (female, total)

4-sample test for equality of proportions without continuity
correction

data: female out of total
X-squared = 6.2646, df = 3, p-value = 0.09942
alternative hypothesis: two.sided
sample estimates:

prop 1 prop 2 prop 3 prop 4
0.5000000 0.7166667 0.7333333 0.0000000

Warning message:
Chi-squared approximation may be incorrect in: prop.test (female, total)

Tuy ti 1¢ nir gidi gitra cac nhom c6 ve khac nhau 16n (73% trong nhom 3 (nguoi da trang)
s0 v61 50% trong nhom 1 (Phi chéu) va 71.7% trong nhom A chéu, nhung kiém dinh Chi
binh phuong cho biét trén phuong di¢n thong ké, céc ti 1¢ nay khong khac nhau, vi tri sO
p =0.099.

9.10.1 Kiém dinh Chi binh phwong (Chi squared test, chisq. test)
That ra, kiém dinh Chi binh phuong con c6 thé tinh toan bang ham chisq.test nhu
sau:
> chisqg.test (sex, ethnicity)
Pearson's Chi-squared test

data: sex and ethnicity
X-squared = 6.2646, df = 3, p-value = 0.09942

Warning message:
Chi-squared approximation may Dbe incorrect in: chisqg.test (sex,
ethnicity)

Két qua nay hoan toan giéng voi két qua tir ham prop. test.
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9.10.2 Kiém dinh Fisher (Fisher’'s exact test, fisher. test)

Trong kiém dinh Chi binh phuong trén, ching ta cha y canh béo:

“Warning message:
Chi-squared approximation may be incorrect in: prop.test (female, total)”

Vi trong nhom 4, khong ¢6 nir giéi cho nén ti 1¢ 1a 0%. Hon nira, trong nhom nay chi c6
2 d6i twong. Vi sb lugng dbi teong qua nho, cho nén cac udc tinh thong ké co the khong
dang tin cdy. Mot phuong phap khac c6 thé ap dung cho cac nghién ctru v6i tan sb thap
nhu trén 13 kiém dinh £isher (con goi 12 Fisher’s exact test). Ban doc c6 thé tham khao
li thuyét dang sau kiém dinh fisher dé hiéu rd hon vé logic ctia phuong phap nay, nhung
& day, chiing ta chi quan tdm dén cach dung R d tinh toan kiém dinh nay. Ching ta chi
don gian 1énh:

> fisher.test (sex, ethnicity)
Fisher's Exact Test for Count Data

data: sex and ethnicity
p-value = 0.1048
alternative hypothesis: two.sided

Chu ¥ tri s6 p tir kiém dinh Fisher 1a 0.1048, tirc rat gan VOi trl sO p cua kiém dinh Chi
binh phwong. Cho nén, ching ta c¢6 thém bang ching d¢ khang dinh rang ti 1¢ nir gidi
gitra céc sac toc khong khac nhau mot cach dang ké.

10. Phan tich hoi qui tuyén tinh

Vi du 15. Dé minh hoa cho van dé, chiing ta thir xem xét nghién ctru sau day, ma
trong d6 nha nghién ctu do ludng dd cholestrol trong mau cua 18 d6i twgng nam. Ti
trong co thé (body mass index) ciing dugc udc tinh cho mdi ddi twong bang cong thirc
tinh BMI 1a 14y trong lugng (tinh biang kg) chia cho chidu cao binh phuong (m?). Két qua
do luong nhu sau:

D) tudi, ti trong co thé va cholesterol

Ma s6 ID Do tudi BMI Cholesterol
(1d) (age) (bmi) (chol)
1 46 25.4 3.5

2 20 20.6 1.9

3 52 26.2 4.0

4 30 22.6 2.6

5 57 25.4 4.5

6 25 23.1 3.0

7 28 22.7 2.9

8 36 24.9 3.8
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9 22 19.8 2.1
10 43 25.3 3.8
11 57 23.2 4.1
12 33 21.8 3.0
13 22 20.9 2.5
14 63 26.7 4.6
15 40 26.4 3.2
16 48 21.2 4.2
17 28 21.2 23
18 49 22.8 4.0

Nhin so qua s liéu chiing ta thdy nguoi c6 d6 tudi cang cao do cholesterol ciing

cang cao. Chung ta thir nhap so liéu nay vao R va vé mot biéu do tan xa nhu sau:

>

>

age <- c(46,20,52,30,57,25,28,36,22,43,57,33,22,63,40,48,28,49)

bmi <-c(25.4,20.6,26.2,22.6,25.4,23.1,22.7,24.9,19.8,25.3,23.2,

21.8,20.9,26.7,26.4,21.2,21.2,22.8)
.0,2.6,4.5,3.0,2.9,3.8,2.1,3.8,4.1,3.0,
, 4.2,2.3,4.0)

data <- data.frame(age, bmi, chol)
plot (chol ~ age, pch=16)

chol

45

4.0

3.5
1
®

3.0

2.0

T T T T 1
20 30 40 50 60

age

Biéu do 18. Lién hé gitra do tudi va cholesterol.
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Biéu d6 18 trén day goi y cho thdy mbi lién hé giita d6 tudi (age) va cholesterol 1a mot
duong thang (tuyén tinh). D¢ “do ludong” moi lién hé nay, chung ta c6 thé sir dung hé so
tuong quan (coefficient of correlation).

10.1 Hé sé twong quan

Hé s6 tuong quan (r) 1a mot chi s6 thong ké do luong moi lién hé twong quan gila
hai bién so nhu giita d6 tudi (x) va cholesterol (y). H¢ s6 twong quan c6 gia tri tir -1 dén
1. Hé sb tuong quan bang 0 (hay gan 0) c6 nghia 1 hai bién s0 khong c6 lién h¢ gi voi
nhau; ngugc lai néu hé s0 bang -1 hay 1 ¢4 nghia 13 hai bién s6 c6 mot mbi lién hé tuyet
d6i. Néu gia tri ciia hé s6 twong quan 1a 4m (r <0) c6 nghia 1 khi x tang cao thi y giam
(va nguoc lai, khi x giam thi y ting); néu gia tri hé s6 twong quan 1a dwong (r > 0) ¢b
nghia 1a khi x tdng cao thi y ciing tang, va khi x tdng cao thi y cling giam theo.

Thuec ra c6 nhiéu hé sd twong quan trong thong ké, nhung ¢ day t6i s& trinh bay 3
hé s6 twong quan thong dung nhat: hé so6 tuong quan Pearson r, Spearman p, va Kendall
T.

10.1.1 Hé sé twong quan Pearson

Cho hai bién so x va y tr » mau, hé s0 twong quan Pearson dugc udce tinh bang

n
Zl(xi _)_C)(yi —?)
i=
L -2 < —\2
=57 £,
i= i=
va ¥ la gia tri trung binh ctia bién s6 x va y. Dé udc tinh hé sé tuong quan gitta 6 tudi

cong thuce sau day: r = . Trong d6, nhu dinh nghia phén trén, x

age va cholesterol, chung ta c6 thé str dung ham cor (x, y) nhu sau:

> cor (age, chol)
[1] 0.936726

Chung ta c6 thé kiém dinh gia thiét h¢ s twong quan bang 0 (tirc hai bién x va y
khong c6 lién h¢). Phuong phap kiém dinh nay thuong dua vao phép bién doi Fisher ma
R da c6 san mgt ham cor . test d¢€ tién hanh viéc tinh toan.

> cor.test (age, chol)
Pearson's product-moment correlation

data: age and chol
t = 10.7035, df = 16, p-value = 1.058e-08
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:

0.8350463 0.9765306
sample estimates:

cor
0.936726
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10.1.2 Hé sé twong quan Spearman p

He¢ s6 tuong quan Pearson chi hop li néu bién sb x va y tuan theo luat phan phdi
chuén Néu x va y khong tuan theo ludt phan phdi chuan, ching ta phai sir dung mot hé
s6 twong quan khac tén 1a Spearman, mdt phuong phap phan tich phi tham s6. H¢ sO nay
dugc udc tinh bang cach blen d6i hai bién sO x va y thanh thir bac (rank), va xem do
tuong quan gitta hai diy s bac. Do d6, hé sé con co tén tiéng Anh 1a Spearman’s Rank
correlation. R wdc tinh hé sb tuong quan Spearman bang ham cor.test véi thong sd
method="spearman” nhu sau:

> cor.test (age, chol, method="spearman")
Spearman's rank correlation rho

data: age and chol
S = 51.1584, p-value = 2.57e-09
alternative hypothesis: true rho is not equal to O
sample estimates:
rho
0.947205

Warning message:
Cannot compute exact p-values with ties in: cor.test.default (age,
chol, method = "spearman")

10.1.3 Hé sé twong quan Kendall t

Heé s6 twong quan Kendall (ciing 1a mét phuong phap phan tich phi tham s6) dugc
wdc tinh bang cach tim cac cdp s (x, y) “song hanh" v&i nhau. Mot cip (x, y) song hanh
¢ day dugc dinh nghia 1a hi¢u (46 khac biét) trén truc hoanh co6 cung diu hiéu (duong hay
am) v6i hiéu trén tryc tung. Néu hai bién s6 x va y khong c6 lién hé v6i nhau, thi sd cip
song hanh bang hay tuong duong vai sé cap khong song hanh.

Boi vi ¢6 nhidu cdp phai kiém dinh, phwong phép tinh toan hé s twong quan
Kendall doi hoi thoi gian ctia may tinh kha cao. Tuy nhién, néu mot dir liéu dudi 5000
d6i tugng thi mot may vi tinh co thé tinh toan kha dé dang. R dung ham cor.test véi
thong s6 method="kendall” dé udc tinh hé sé twong quan Kendall:

> cor.test (age, chol, method="kendall")
Kendall's rank correlation tau

data: age and chol
z = 4.755, p-value = 1.984e-06
alternative hypothesis: true tau is not equal to 0
sample estimates:
tau
0.8333333
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Warning message:
Cannot compute exact p-value with ties in: cor.test.default (age,
chol, method = "kendall")

10.2 Mb hinh cta héi qui tuyén tinh don gian

Pé tién viéc theo doi va mo ta mo hinh, goi d6 tudi cho ca nhan i 1a x; va
cholesterol 1a ;. O dayi=1,2,3, ..., 18. Mo hinh hoi tuyén tinh phat bi€u rang:

v, =a+fx +¢

No6i cach khéc, phuong trinh trén gid dinh réng d0 cholesterol ciia mot ca nhan béng mot
hang s6 a cong véi mot hé sé B lién quan dén d6 tudi, va mot sai sé ;. Trong phuong
trinh trén, o 13 chan (intercept, tic gia tri luc x; =0), va B 1a do ddc (slope hay gradient).
Trong thuc té, o va B 12 hai thong s6 (paramater, con goi 13 regression coefficient hay hé
s6 hoi qui), va &; 1a mot bién sb theo luat phan phdi chuan véi trung binh 0 va phuong sai
o

Céc thong sb o, B va o phai dugc woc tinh tir dir liéu. Phuong phap dé udc tinh
cac thong sd ndy 1a phwong phéap binh phirong nhé nhdt (least squares method). Nhu tén

goi, phuong phap binh phuong nho nhét tim gié tri o, p sao cho ZI: V= (a + Bx, )]2 nho
i=1

nhat. Sau vai thao tac toan, c6 thé chimg minh dé dang rang, udc s cho a va 3 dap ting
diéu kién do¢ la:

O day, X va y la gia tri trung binh ctia bién s6 x va y. Chu ¥, toi viét @ va B (voi ddu
mil phia trén) 13 dé nhic nho rfipg day 12 hai uwéc sd (estimates) cﬁanoc va B3, chu khong
phai o va B (chiing ta khong biét chinh xac a va 8, nhung chi c6 thé udc tinh ma thoi).
Sau khi di c¢6 udc sba va ,5’ , chung ta c¢6 thé udc tinh d6 cholesterol trung binh cho timg
dd tudi nhu sau:

371' :&+ﬂxi

Tat nhién, , & day chi 1a sb trung binh cho d6 tudi x;, va phan con lai (tic y.- ,) goi la
phan dw (residual). Va phuong sai cia phan du c6 thé udc tinh nhu sau:

n
Z()’i —yi)
st = ’:'—2 . O day, s* chinh 13 udc s cua o
n_
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Ham 1m (viét tit tir linear model) trong R c6 thé tinh toan cac gid tri cua @
va ,B , ciing nhu s> mot cach nhanh gon. Chung ta tiép tuc véi vi du bang R nhu sau:

> 1lm(chol ~ age)

Call:
Im(formula = chol ~ age)
Coefficients:
(Intercept) age
1.08922 0.05779
Trong 1€nh trén, “chol ~ age” cd nghia la m6 td chol la mot ham sb cua age. Két

qua tinh toan ctia 1m cho thdy @ = 1.0892 va ,5’ =0.05779. Noi cach khac, véi hai thong
s6 nay, chiing ta ¢ thé wdc tinh do cholesterol cho bat ctr d tudi ndo trong khoang tudi
ctia mau bang phuong trinh tuyén tinh:

»=1.08922 + 0.05779 X age

Phuong trinh nay c6 nghia 14 khi do tudi ting 1 ndm thi do cholesterol ting khoang 0.058
mmol/L.

That ra, ham 1m con cung cap cho chiing ta nhiéu thong tin khac, nhung chung ta phai
dua cac thong tin nay vao mot object. Goi object d6 1a reg, thi I¢nh s€ 1a:

> reg <- lm(chol ~ age)
> summary (reqg)

Call:
Im(formula = chol ~ age)
Residuals:
Min 10 Median 30 Max

-0.40729 -0.24133 -0.04522 0.17939 0.63040

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 1.089218 0.221466 4.918 0.000154 **=*
age 0.057788 0.005399 10.704 1.06e-08 **x*

Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '.'" 0.1 " ' 1
Residual standard error: 0.3027 on 16 degrees of freedom

Multiple R-Squared: 0.8775, Adjusted R-squared: 0.8698
F-statistic: 114.6 on 1 and 16 DF, p-value: 1.058e-08

Lénh tht hai, summary (req), yéu cau R liét ké cic thong tin tinh toan trong reg. Phan
két qua chia lam 3 phan:
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(a) Phan 1 mé ta phan du (residuals) ctia mé hinh hdi qui:

Residuals:
Min 10 Median 30 Max
-0.40729 -0.24133 -0.04522 0.17939 0.63040

Chung ta biét ring trung binh phan du phai 13 0, va ¢ day, sd trung vi 1a -0.04, ciling
khong xa 0 bao nhiéu. Cac s6 quantiles 25% (1Q) va 75% (3Q) cung kha can d6i chung
quan sé trung vi, cho thay phan du cua phuong trinh nay twong dbi can dbi.

(b) Phén hai trinh bay udc s6 cua a va ,3 cung voi sai s6 chuan va gid tri cua kiém dinh t.
Gié tri kiém dinh t cho S 13 10.74 v6i tri s6 p = 1.06e-08, cho thdy B khong phai bang 0.
N6i cach khéc, ching ta c6 bang chimg dé cho rang c6 mot mbi lién hé giita cholesterol
va dg tudi, va moi lién hé nay cé y nghia thong ké.

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 1.089218 0.221466 4.918 0.000154 **x*
age 0.057788 0.005399 10.704 1.06e-08 **=*

Signif. codes: 0 '***' (0,001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1

(c) Phan ba cua ket qua cho chung ta thong tin vé phuong sai ciia phan du (residual mean
square) O day, s* = 0.3027. Trong két qua nay con c6 kiém dinh F, ciing chi 1a mot
kiém dinh xem c6 qua that B bang 0, tirc ¢ ¥ nghla tuong ty nhu kiém dinh t trong phan
trén. Noi chung, trong trudng hop phén tich hdi qui tuyén tinh don gian (v6i mot yéu td)
chung ta khong cin phai quan tim dén kiém dinh F.

Residual standard error: 0.3027 on 16 degrees of freedom
Multiple R-Squared: 0.8775, Adjusted R-squared: 0.8698
F-statistic: 114.6 on 1 and 16 DF, p-value: 1.058e-08

Ngoai ra, phan 3 con cho ching ta mot théng tin quan trong, do 1a tri s6 R? hay h¢
s6 xdc dinh béi (coefficient of determination). Turc la bang tong binh phuong glu:a s0 udc
tinh va trung binh chia cho tong binh phuong s6 quan sat va trung binh. Tri s6 R? trong
vi du nay 1a 0.8775, c6 nghia la phuong trinh tuyén tinh (voi do tudi 1a mot yéu td) giail
thich khoang 88% cac khac biét vé do cholesterol giita cic ca nhan. Tét nhién tri s6 R’
cogiatritu 0 dén 100% (hay 1). Gia tri R? cang cao la mot déu hiéu cho thay moi lién hé
gitra hai bién s6 d6 tudi va cholesterol cang chit ché.

Mot hé sb ciing can dé cap & day 1a hé s diéu chinh xdc dinh boi (ma trong két
qua trén R goi 1a “Adjusted R-squared”). Day la h¢ s6 cho chung ta biét mirc d6 cai tién
ctia phuong sai phan du (residual variance) do yéu t6 do tu01 c6 mit trong mo hinh tuyén
tinh. Néi chung, h¢ sO nay khong khac may so v6i hé sb xac dinh boi, va chung ta ciing
khong can cha tAm qué mic.

Gia dinh cua phan tich héi qui tuyén tinh
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Tat ca cac phan tich trén dua vao mdt s gia dinh quan trong nhu sau:

(a) x 12 mot bién s6 ¢ dinh hay fixed, (“cd dinh” & day c6 nghia 1a khong c6 sai sot ngéu
nhién trong do luong);

(b) & phan phdi theo luat phan phdi chuan;
(c) & co6 gia tri trung binh (mean) 1a 0;
(d) & c6 phuong sai 6° ¢b dinh cho tit ca x;; va

(e) cac gia tri lién tuc cua & khong cé lién hé tuong quan voi nhau (nodi cach khac, & va &
khong ¢6 lién hé v6i nhau).

Néu cac gia dinh nay khong dwoc dap tng thi phuong trinh ma ching ta wdc tinh
co Van dé hop li (validity). Do do, trude khi trinh bay va dién dich m6 hinh trén, chung
ta can phai kiém tra xem cac gia dinh trén c6 dap ung duoc hay khong. Trong trudong
hop nay, gia dinh (a) khong phai la Van dé, vi do tudi khong phai 1a mot bién sé ngiu
nhién, va khong c6 sai s6 khi tinh do tudi cia mot ca nhan.

Dbi v6i cac gia dinh (b) dén (e), cach kiém tra don gian nhung hitu hiéu nhat 1a
bang cach xem xét moi lién h¢ gitra y,, x,, va phan du e, (e, = y, —y,) bang nhiing do thi
tan xa.

Véilénh fitted () chung ta cé thé tinh toan ¥, cho tirng ca nhan nhu sau (vi du

ddi voi ca nhan 1, 46 tudi, do cholestrol ¢ thé tién doan nhu sau: 1.08922 + 0.05779
X 46 = 3.747).

> fitted(reqg)
1 2 3 4 5 6 7 8
3.747483 2.244985 4.094214 2.822869 4.383156 2.533927 2.707292 3.169600
9 10 11 12 13 14 15 16
2.360562 3.574118 4.383156 2.996234 2.360562 4.729886 3.400753 3.863060
17 18
2.707292 3.920849

Vé6i 1énh resid () ching ta co thé tinh toan phan du e, cho tirng c4 nhan nhu

sau (voi doitugng 1, e =3.5 — 3.74748 = -0.24748):
> resid(req)
1 2 3 4 5 6
-0.247483426 -0.344985415 -0.094213736 -0.222869265 0.116844338 0.466072660
7 8 9 10 11 12
0.192707505 0.630400424 -0.260562185 0.225881729 -0.283155662 0.003765579
13 14 15 16 17 18

0.139437815 -0.129885972 -0.200753116 0.336939804 -0.407292495 0.079151419
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Pé kiém tra cac gid dinh trén, chung ta c6 thé v& mot loat 4 dd thi ma toi sé giai

thich sau day:

> op <- par (mfrow=c(2,2))
> plot (req)

#yéu cau R danh ra 4 ctra s6
#ve cac do thi trong reg

Nguy&n Van Tuan
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Biéu do 19. Phan tich phan du dé kiém tra cac gia dinh trong phan tich hoi
qui tuyén tinh.

(a) D6 thi bén trai dong 1 v& phan du e, va gia tri tién doan cholesterol y, . Do thi nay cho

thdy cac gia tri phan du tp chung quanh duong y = 0, cho nén gia dinh (c), hay & c6 gia
tri trung binh 0, 1a c6 thé chap nhan dugc.

(b) D thj bén phai dong 1 v& gié tri phan du va gi tri ki vong dua vao phan phdi chuin.
Chung ta thay cac s6 phan du tap trung rat gan céac gia tri trén duong chuan, va do do, gia
dinh (b), tirc & phan phdi theo luat phan phdi chuan, ciing c6 thé dap tng.

(c) D6 thi bén trai dong 2 v& cin s6 phan du chuan (standardized residual) va gia tri caa
»,. Do thi nay cho thay khong c6 gi khac nhau gitta cac sO phan du chuan cho céc gia tri
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cua y,, va do do, gia dinh (d), tirc & cé phuong sai o” ¢b dinh cho tit ca x;, ciing c6 thé
dap ung.

Noi chung qua phén tich phan du, ching ta c6 thé két luan rang mo hinh hoi qui tuyén
tinh mo ta mdi lién hé giira 6 tudi va cholesterol mot cach kha day di va hop 1i.

M6 hinh tién doan

Sau khi mé hinh tién doan cholesterol di duoc kiém tra va tinh hop li d3 duoc thiét lap,
chung ta c6 theé vé duong bicu dien cua moi lién h¢ gitra d tudi va cholesterol bang 1énh

abline nhu sau (xin nhic lai object ctia phan tich 1 reg):

> plot(chol ~ age, pch=16)
> abline (req)

chol

T T T T T
20 30 40 50 60

age

Biéu d6 20. Duong biéu dién mdi lién hé giira d6 tudi (age) va
cholesterol.

Nhung moi gia tri y, dugc tinh to uwdc sO a va £, ma cac udc s6 nay deu co sai

s0 chuan, cho nén gia tri tién doan y, cling co6 sai s0. Noi cach khac, p, chi la trung binh,
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nhung trong thyc té ¢ thé cao hon hay thip hon tiy theo chon miu. Khoang tin cdy
95% nay c6 the udc tinh qua R bang cac 1énh sau day:

VVVVYVYVYVYVVYVYVYV

reg <- lm(chol ~ age)

new <- data.frame(age = seq(l15, 70, 5))

pred.w.plim <- predict.lm(reg, new, interval="prediction")
pred.w.clim <- predict.lm(reg, new, interval="confidence")
resc <- cbind(pred.w.clim, new)

resp <- cbind(pred.w.plim, new)

plot (chol ~ age, pch=16)

lines (resc$fit ~ resc$age)

lines (resc$lwr ~ rescS$Sage, col=2)

lines (rescSupr ~ rescS$Sage, col=2)

lines (respS$Slwr ~ respS$Sage, col=4)

lines (respSupr ~ resp$Sage, col=4)

chol

T T T T T
20 30 40 50 60

age

Biéu do 21. Gia tri tién doan va khoang tin cdy 95%.

Biéu d6 trén v& gia trj tién doan trung binh ¥, (duong thang mau den), va khoang tin ciy
95% cua gia tri nay 1a duong mau do. Ngoai ra, duong mau xanh Ia khoang tin c@y cua
gi4 tri tién doan cholesterol cho mot do tudi méi trong quén thé.
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10.3 M6 hinh héi qui tuyén tinh da bién (multiple linear regression)

M6 hinh dugc dién dat qua phuong trinh y, = a + Bx, + &, c6 mot yéu t6 duy nhit
(46 14 x), va vi thé thuong dugc goi 1a mé hinh hdi qui tuyén tinh don gian (simple linear
regression model). Trong thuc té, ching ta c6 thé phat trién mo hinh nay thanh nhiéu
bién, chtr khong chi gidi han mot bién nhu trén, chang han nhu:

Vi=a+fx, + fx, +..+ Bx, + &

Chu ¥ trong phuong trinh trén, chiing ta c6 nhiéu bién x (xy, xa, ... dén xy), va mdi bién co
mot thong so ,6’ f (G =1,2, ..., k) can phai udc tinh. Vi thé mo hinh nay con dugc goi la
mo hinh hoi qui tuyén tinh da bién.

Vi du 16. Ching ta quay lai nghién ciru vé& mdi lién hé giira d6 tudi, bmi va
cholesterol. Trong vi dy, ching ta chi m&i xét moi lién h¢ gitra d6 tuodi va cholesterol, ma

chua xem dén moi lién hé gitra ca hai y€u to do tudi va bmi va cholesterol. Biéu do sau
day cho chung ta thay moi lién h¢ gitra ba bién s nay:

> pairs(data)

20 22 24 26
1 1 1 1 1 1 1
o o o
o o o o I ©
o o o
° o ° 5 ~ o
o o
age ° o ° =
o o
o o P
° % o ° o I~ ®
o o
o OO ° o o | 8
o o
o _| ° ° ° °
N
0 © ° o o °
- o o
<
N .
. °°o o ° bml . oo °°
N
N ° o
o o o Oo o
o o
Q
N o o
o ° o ° = :
o o
oo ° °® ° L <2
o o oo A
o o - (u;:
o . C . Lo ° chol o
o ° ° ° L ©
o o N
o ©° o
o ° F S
T T T T T T T T T T T
20 30 40 50 60 20 25 3.0 35 40 45
3
X aX A P o A
Biéu do6 22. Gia tri tién doan va khodng tin cdy 95%.

Ciing nhu giita do tudi va cholesterol, mdi lién hé giira bmi va cholesterol ciing gan tuan
theo mot duong thang. Biéu do trén con cho ching ta thay dg tudi va bmi c6 lién hé véi
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nhau. That vy, phan tich hdi qui tuyén tinh don gian giira bmi va cholesterol cho thiy
nhu moi lién hé nay cé y nghia thong ké:

> summary (lm(chol ~ bmi))
Call:
Im(formula = chol ~ bmi)
Residuals:
Min 10 Median 30 Max

-0.9403 -0.3565 -0.1376 0.3040 1.4330

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) -2.83187 1.60841 -1.761 0.09739
bmi 0.26410 0.06861 3.849 0.00142 **
Signif. codes: 0 '"***' (Q.001 '**' 0.01 '*' 0.05 '.'" 0.1 " ' 1

Residual standard error: 0.623 on 16 degrees of freedom
Multiple R-Squared: 0.4808, Adjusted R-squared: 0.4483
F-statistic: 14.82 on 1 and 16 DF, p-value: 0.001418

BMI giai thich khoang 48% d6 dao dong vé cholesterol giita cac ca nhan. Nhung vi BMI
cling 6 lién hé véi d6 tudi, ching ta mudn biét néu hai yéu t6 nay duoc phan tich cing
mdt luc thi yéu t6 nao quan trong hon. Dé biét anh hudng cua ca hai yéu té age (x;) va
bmi (tam goi 14 x,) dén cholesterol (v) qua mot mo hinh hdi qui tuyén tinh da bién, va mo
hinh d¢ la:

v =a+ fx; + B,x, +é

hay phuong trinh ciing c6 thé mo ta bang ki hiéu ma tran: Y = XP + & ma t6i vira trinh
bay trén. O day, Y 1a mdt vector vector 18 x 1, X 1a mot matrix 18 x 2 phﬁn tu, B va mot
vector 2 X 1, va €13 vector gdbm 18 x 1 phan tir. Dé udc tinh hai hé s6 hdi qui, B; va
B2 chung ta cling trng dung ham 1m () trong R nhu sau:

> mreg <- Im(chol ~ age + bmi)
> summary (mregqg)

Call:
Im(formula = chol ~ age + bmi)
Residuals:

Min 10 Median 30 Max

-0.3762 -0.2259 -0.0534 0.1698 0.5679
Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 0.455458 0.918230 0.496 0.627
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age 0.054052 0.007591 7.120 3.50e-06 ***
bmi 0.033364 0.046866 0.712 0.487
Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '.' 0.1 " ' 1

Residual standard error: 0.3074 on 15 degrees of freedom
Multiple R-Squared: 0.8815, Adjusted R-squared: 0.8657
F-statistic: 55.77 on 2 and 15 DF, p-value: 1.132e-07

Két qua phan tich trén cho thdy udc sé @ = 0.455, £, = 0.054 va f3, =0.0333. Noi cach
khac, chung ta co phuong trinh uwéc doan do cholesterol dya vao hai bién sé d6 tudi va
bmi nhu sau:

Cholesterol = 0.455 + 0.054 (age) + 0.0333 (bmi)

Phuong trinh cho biét khi d¢ tudi tang 1 ndm thi cholesterol tang 0.054 mg/L (udc sO nay
khong khac miy so v6i 0.0578 trong phuong trinh chi co d6 tudi), va moi 1 kg/m? tang
BMI thi cholesterol ting 0.0333 mg/L. Hai yéu t6 nay “giai thich” khoang 88.2% (R* =
0.8815) do dao dong cua cholesterol gitra cac ca nhan.

Chung ta cha y phuong trinh véi d6 tudi (trong phan tich phan trude) giai thich
khoang 87.7% d6 dao ddng cholesterol giira cac ca nhan. Khi chung ta thém yéu té BMI,
hé sb nay tang 1én 88.2%, tirc chi 0.5%. Cau hoi dat ra la 0.5% tang truong nay co y
nghia thong ké hay khong. Cau tra 10i c6 thé xem qua két qua kiém dinh yéu t6 bmi vé6i
trj s6 p = 0.487. Nhu vay, bmi khéng cung cdp cho chiing thém thong tin hay tién doan
cholesterol hon nhiing gi chiing ta d c6 tir d6 tudi. Noi cach khac, khi do tudi da duoc
xem x¢t, thi anh hudng cua bmi khong con y nghia thong ké. Bleu nay cé thé hiéu duoc,
boi vi qua Biéu d6 10.5 chung ta thiy do tudi va bmi c6 mot mdi lién hé khé cao. Vi hai
bién nay c6 tuong quan v6i nhau, ching ta khong can ca hai trong phuong trinh. (Tuy
nhién, vi du nay chi c¢6 tinh cach minh hoa cho viéc tién hanh phan tich hdi qui tuyén tinh
da bién bang R, cht khong c6 ¥ dinh mé phong dit liéu theo dinh huéng sinh hoc).
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Biéu do 23. Phan tich phan du g‘ié kiém tra cac gia dinh trong
phén tich hoi qui tuyén tinh da bién.

Tuy BMI khong c6 y nghia ‘Ehéng ké trong truong hop nay, Biéu @6 10.6 cho thiy
cac gia dinh vé md hinh hdi qui tuyén tinh c6 thé dap tng.

11. Phan tich phwong sai

11.1 Phan tich phwong sai don gian (one-way analysis of variance -

ANOVA)

. Vidu 17. Bang dudi day so sanh d6 galactose trong 3 nhom bénh nhan: nhom 1
gom 9 bénh nhan V(')’i‘ bénh Cgohn; nhom 2 gdbm 11 bénh nhan voi bénh viém rudt ket
(colitis); va nhom 3 gom 20 doi tuong khong c6 bénh (goi 1a nhom doi ching). Cau héi

dat ra 1a d¢ galactose gitta 3 nhdm bénh nhan c6 khac nhau hay khong?

Do galactose cho 3 nhém bénh nhin Crohn, viém rudt két

va doi chirng

Nhom 1: bénh
Crohn

Nhom 2: bénh viém
ruot ket

Nhém 3: dbi
chung (control)
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1343 1264 1809 2850
1393 1314 1926 2964
1420 1399 2283 2973
1641 1605 2384 3171
1897 2385 2447 3257
2160 2511 2479 3271
2169 2514 2495 3288
2279 2767 2525 3358
2890 2827 2541 3643
2895 2769 3657
3011
n=9 n=11 n=20
Trung binh: 1910 | Trung binh: 2226 Trung binh: 2804
SD: 516 SD: 727 SD: 527

Chu thich: SD 1a d6 1éch chun (standard deviation).

Goi gi trj trung binh cua ba nhom 13 p;, po, va ps, va ndi theo ngdn ngit cia kiém dinh
gia thiét thi gia thict dao la:

) Ho:pi == w3
Va gia thiét chinh la:
Ha: c6 mét khac biét gitra 3 p; (j = 1,2,3)

Thoat dau c6 1€ ban doc, sau khi da hoc qua phuong phap so sanh hai nhom bang
kiém dinh t, s& nghi riang chung ta can lam 3 so sanh bang kiém dinh t: gitta nhém 1 va 2,
nhom 2 va 3, va nhéom 1 va 3. Nhung phuong phap nay khong hop li, vi c6 ba phuong
sai khac nhau. Phuong phap thich hop cho so sanh la phéan tich phuong sai. Phan tich
phuong sai c¢6 thé ing dung dé so sanh nhidu nhém cing mot luc (simultaneous
comparisons).

Pé minh hoa cho phuong phap phan tich phuong sai, chung ta phai dung ki hiéu.
Goi do galactose cia bénh nhan i thuéc nhom j (j = 1, 2, 3) 1a x; M0 hinh phén tich
phuong sai phat biéu rang:

X;=ptate;
Hay cu thé hon:
Xip = pt oyt e
Xip =Utontep
Xi3 = U+ o3tEs

Tru6ce hét, chung ta can phai nhdp dit liéu vao R. Budc thir nhat 1a bao cho R biét ring
chung ta c6 ba nhom bénh nhan (1, 2 vd ), nhém 1 gom 9 ngudi, nhém 2 cé 11 nguoi, va
nhém 3 ¢6 20 nguoi:

> group <- ¢(1,1,1,1,1,1,1,1,1,

2,2,2,2,2,2,2,2,2,2,2,
3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3)
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Dé phan tich phuong sai, ching ta phai dinh nghia bién group la mot yéu t6 - factor.
> group <- as.factor (group)

Budc ké tiép, chung ta nap sd liéu galactose cho tirng nhom nhu dinh nghia trén (goi
objectla galactose):

> galactose <- c(1343,1393,1420,1641,1897,2160,2169,2279,2890,
1264,1314,1399,1605,2385,2511,2514,2767,2827,2895,3011,
1809,2850,1926,2964,2283,2973,2384,3171,2447,3257,2479,3271,2495,3288,
2525,3358,2541,3643,2769,3657)

Pua hai bién group va galactose vao mot dataframe va goi la data:

> data <- data.frame (group, galactose)
> attach (data)

Sau khi d3 ¢ dir liéu sdn sang, chung ta dung ham 1m () dé phén tich phuong sai nhu
sau:

> analysis <- lm(galactose ~ group)

Trong ham trén chiing ta cho R biét bién galactose 13 mot ham sb cua group. Goi
ket qua phan tich 1a analysis.

Két qua phan tich phwong sai. Bay gio ching ta dung 1énh anova dé biét két qua
phén tich:

> anova (analysis)
Analysis of Variance Table

Response: galactose

Df Sum Sg Mean Sg F value Pr (>F)
group 2 5683620 2841810 8.6655 0.0008191 ***
Residuals 37 12133923 327944

Signif. codes: O '***' (0,001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1

Trong két qua trén, c6 ba cft: D (degrees of freedom) 1a bac tu do; Sum Sqgla téng binh
phuong (sum of squares), Mean Sqg la trung binh binh phuong (mean square); F
value la gia tri F; va Pr (>F) 1a tri s6 P lién quan dén kiém dinh F.

11.2 So sanh nhiéu nhém (multiple comparisons) va diéu chinh tri sé6 p

Cho k nhém, chung ta c6 it nhat 1 k(k-1)/2 so sanh. Vi du trén c¢6 3 nhém, cho
nén tong sb so sanh kha di 1 3 (gitta nhom 1 va 2, nhém 1 va 3, va nhém 2 va 3). Khi
k=10, s 1an so sanh co thé 1én rat cao. Nhu di dé cap trong chwong 7, khi c6 nhiéu so
sanh, tri sO p tinh todn tir cac kiém dinh thong ké khong con y nghia ban dau nita, boi vi
cac kiém dinh nay co thé cho ra két qua duong tinh gia (tic két qua voi p<0.05 nhung
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trong thuc té khong c6 khac nhau hay anh huong). Do do, trong truong hop co nhiéu so
sanh, chiing ta can phai diéu chinh tri sé p sao cho hop li.

C6 khé nhiéu phuong phap diéu chinh tri s6 p, va 4 phuong phap thong dung nhat
1a: Bonferroni, Scheffé, Holm va Tukey (tén cia 4 nha théng ké hoc danh tiéng).
Phuong phép nao thich hop nhat? Khong co cau tra 101 dut khoat cho cau hoi nay, nhung
hai diém sau ddy c6 thé giup ban doc quyét dinh tot hon:

(a) Néu k < 10, chuing ta c6 thé 4p dung bét ctr phwong phap nao dé diéu
chinh tri s0 p. Riéng ca nhan toi thi thdy phuong phap Tukey thuong
rat htru ich trong so sanh.

(b) Néu k>10, phuong phap Bonferroni co thé tr& nén rat “bao thu”. Bao
tht & ddy c6 nghia 13 phuong phap nay rat it khi ndo tuyén bé mot so
sanh c¢6 ¥ nghia thong ké, du trong thyc té 1a co that! Trong trudng
hop nay, hai phuong phap Tukey, Holm va Scheffé co thé ap dung.

Quay lai vi du trén, cac tri so p trén day la nhimg tri 5O chua dugc diéu chinh cho
so sanh nhiéu 1an. Trong chuong vé tri 86 p, t61 da ndi cac tri sO nay phong dai y nghia
thong ké, khong phan anh trj s6 p lic ban dau (tare 0.05). Pé diéu chinh cho nhiéu so
sanh, ching ta phai str dung dén phuong phap diéu chinh Bonferroni.

Chung ta c6 thé dung Iénh pairwise.t.test dé c6 duoce tat ca cac tri sd p so
sanh gitra ba nhom nhu sau:

> pairwise.t.test (galactose, group, p.adj="bonferroni")
Pairwise comparisons using t tests with pooled SD
data: galactose and group
1 2
2 0.6805 -
3 0.0012 0.0321

P value adjustment method: bonferroni

Két qua trén cho thiy tri sd p gitta nhém 1 (Crohn) va viém rudt két 13 0.6805 (ttre khong
cd y nghia thong ké); gitta nhom Crohn va d6i chimg 13 0.0012 (c6 nghia thong ke), va
gitra nhom viém rudt két va dbi chimg 13 0.0321 (ttrc ciing cd ¥ nghia thong ké).

Mot phuong phap diéu chinh tri s6 p khac c6 tén 1a phwong phap Holm:
> pairwise.t.test (galactose, group)

Pairwise comparisons using t tests with pooled SD

data: galactose and group
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1 2
2 0.2268 -
3 0.0012 0.0214

P value adjustment method: holm
K&t qua nay ciing khong khéc so vdi phuong phéap Bonferroni.

Tét ca cac phuong phap so sanh trén st dung mot sai s6 chudn chung cho ca ba nhom.
Néu ching ta muon st dung cho tirng nhém thi 1énh sau day (pool . sd=F) s¢ dap Gng
yéu cau do:

> pairwise.t.test (galactose, group, pool.sd=FALSE)
Pairwise comparisons using t tests with non-pooled SD
data: galactose and group

1 2
2 0.2557 -
3 0.0017 0.0544

P value adjustment method: holm
Mot lan nita, két qua nay ciing khong lam thay d6i két ludn.

Trong céc phuong phap trén, chang ta chi biét tri sd p so sanh giita cic nhom,
nhung khong biét mirc d¢ khac biét ciing nhu khoang tin cay 95% gitra cac nhom. Dé co
nhitng wéc sd ndy, chung ta can dén mot ham khac ¢ tén 1a aov (viét tt tir analysis of
variance) va ham TukeyHnsp (HSD la viét tat tir Honest Significant Difference, tam dich
ném na la “Khéc biét c6 y nghia thanh that”’) nhu sau:

> res <- aov(galactose ~ group)
> TukeyHSD (res)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = galactose ~ group)

Sgroup

diff lwr upr p adj
2-1 316.3232 -312.09857 944.745 0.4439821
3-1 894.2778 333.07916 1455.476 0.0011445
3-2 577.9545 53.11886 1102.790 0.0281768

Két qua trén cho chung ta thiy nhém 3 va 1 khac nhau khoang 894 don vi, va khoang tin
cé}y 9§% tr 333 dén }455 don vi. Tuong tu, galactose trong nhém bénh nhan viém rudt
két thap hon nhom d61 chimg (nhom 3) khoang 578 don vi, va khoang tin céy 95% tur 53
den 1103.
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Biéu d6 24. Trung binh hiéu va khoang tin cdy 95%
gitta nhom 1 va 2, 1 va 3, va 3 va 2. Truc hoanh Ia
dd galactose, truc tung 1a ba so sanh.

11.3 Phan tich bang phwong phap phi tham sé

Phuong phép so sanh nhiéu nhém phi tham sé (non-parametric statistics) twong
duong véi phuong phép phan tich phuong sai 1a Kruskal-Wallis. Ciing nhu phuong phép
Wilcoxon so sanh hai nhém theo phwong phap phi tham s6, phuong phap Kruskal-Wallis
ciing bién ddi s6 liéu thanh thir bac (ranks) va phan tich d§ khac biét thir bac nay gitra cac
nhéom. Ham kruskal.test trong R co thé giup chung ta trong kiém dinh nay:

> kruskal.test (galactose ~ group)
Kruskal-Wallis rank sum test

data: galactose by group
Kruskal-Wallis chi-squared = 12.1381, df = 2, p-value = 0.002313

Tri s6 p tir kiém dinh nay kha thap (p = 0.002313) cho thay c6 su khac biét giita
ba nhom nhu phén tich phuong sai qua ham 1m trén ddy. Tuy nhién, mot bat tién cua
kiém dinh phi tham sé Kruskal-Wallis 14 phwong phap nay khong cho chung ta biét hai
nhém nao khac nhau, ma chi cho mot trj s6 p chung. Trong nhiéu trudng hop, phén tich
phi tham sé nhu kiém dinh Kruskal-Wallis thuong khong c6 hiéu qua nhu cac phuong
phap thong ké tham s (parametric statistics).
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11.4 Phan tich phwong sai hai chiéu (two-way analysis of variance -
ANOVA)

Phén tich phuong sai don gian hay mét chiéu chi c6 mot yéu t6 (factor). Nhung
phan tich phuong sai hai chiéu (two-way ANOVA), nhu tén goi, c6 hai yeu t6. Phuong
phap phan tich phuong sai hai chiéu chi don gian khai trlen tur phuong phap phan tich
phuong sai don gian. Thay vi udc tinh phuong sai cuia mot yéu td, phuong phap phén sai
hai chiéu udc tinh phuong sai ctia hai yéu td.

Vi du 18. Trong vi du sau day, dé danh gid hi¢u qua ctia mot ki thuat son mai,
cac nha nghién ctru 4p dung son trén 3 loai vat li€u (1, 2 va 3) trong hai diéu kién (1, 2).
M&i diéu kién va loai vat liéu, nghién ctru dugc lap lai 3 1an. D6 bén duoc do 1a chi sb
bén bi (tam goi la score). Téng cong, co 18 s6 liéu nhu sau:

P bén bi ciia son cho 2 diéu kién va 3 vt liéu

Piéu kién Vit lidu (f)

(i) 1 2 3
4.1,39,43 | 3.1,2.8,33 | 3.5,32,36

2 2.7,3.1,2.6 | 19,22,23 | 27,2325

Goi x;1a score clia diéu kién i (i =1, 2) cho vat liéuj (j = 1, 2, 3). (Dé don gian hoa
van d¢, ching ta tam thoi bo qua & doi twong). Mo hinh phan tich phuong sai hai chiéu
phat biéu rang:

X, =pH+o+p+eg,

i 13 s6 trung binh cho toan quan thé, cac hé sb o (anh huong cua diéu kién i)va B; (anh
hudng cua vat liéu j) can phai udc tinh tir s liéu thuc t€. &; dugc gia dinh tuin theo luat
phan phdi chuan véi trung binh 0 va phuong sai 6.

Pé phan tich bang R, chiing ta can phai to chirc dit liéu sao cho c6 4 bién nhu sau:

Condition Material pbi tuong Score
diéu kién) (vat liéu)

( (

1 1 1 4.1
1 1 2 3.9
1 1 3 4.3
1 2 4 3.1
1 2 5 2.8
1 2 6 3.3
1 3 7 3.5
1 3 8 3.2
1 3 9 3.6
2 1 10 2.7
2 1 11 3.1
2 1 12 2.6
2 2 13 1.9
2 2 14 2.2
2 2 15 2.3

O
—_—
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2 3 16 2.7
2 3 17 2.3
2 3 18 2.5

Chung ta c6 thé tao ra mot day sd bang cach sir dung ham g1 (generating levels).

> condition <- gl(2, 9, 18)
> material <- gl(3, 3, 18)

Va tao nén 18 mé sd (t&r 1 dén 18):

> id <- 1:18
Sau cung la s6 liéu cho score:

> score <- c (4. , 3

1,3.9,4. 3.1,2.8,3.3, 3.5,3.2,3.6,
2.7,3.1,2.6, 9,2 3 7,2.3,2.5

4 8 4
1.9,2.2,2.3, 2.7,2.3,2.5)

Tét ca cho vao mot dataframe tén 13 data:

> data <- data.frame (condition, material, id, score)
> attach (data)

Bay gio s6 liéu da sdn sang cho phén tich. Dé phén tich phuong sai hai chiéu, ching ta
van st dung 1énh 1m véi céc thong s6 nhu sau:

> twoway <- lm(score ~ condition + material)
> anova (twoway)
Analysis of Variance Table

Response: score

Df Sum Sg Mean Sg F value Pr (>F)
condition 1 5.0139 5.0139 95.575 1.235e-07 ***
material 2 2.1811 1.0906 20.788 6.437e-05 ***
Residuals 14 0.7344 0.0525

Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' "1

Ba ngudn dao dong (variation) ciia score dugc phan tich trong bang trén. Qua
trung binh binh phwong (mean square), chung ta thdy dnh hudng ctia didu kién co vé quan
trong hon 13 anh hudng cua vat liéu thi nghiém. Tuy nhién, ca hai anh hudng déu co ¥
nghia théng ké, vi tri s p rat thip cho hai yéu t5. Chung ta yéu cau R tém luoc cac wdc
s6 phan tich bang 1énh summary:

> summary (twoway)

Call:
Im(formula = score ~ condition + material)

Residuals:

Min 10 Median 30 Max
-0.32778 -0.16389 0.03333 0.16111 0.32222
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Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 3.9778 0.1080 36.841 2.43e-15 **x*
condition?2 -1.0556 0.1080 =9.776 1.24e-07 ***
material?2 -0.8500 0.1322 -6.428 1.58e-05 ***
material3 -0.4833 0.1322 -3.655 0.0026 **
Signif. codes: 0 '"xxx' (0,001 '**' 0.01 '*' 0.05 '.'" 0.1 " "1

Residual standard error: 0.229 on 14 degrees of freedom
Multiple R-Squared: 0.9074, Adjusted R-squared: 0.8875
F-statistic: 45.72 on 3 and 14 DF, p-value: 1.76le-07

Két qua trén cho théy so véi didu kién 1, didu kién 2 ¢6 score thép hon khoang
1.056 va sai s6 chuan 13 0.108, véi tri s6 p = 1.24e-07, tirc c6 ¥ nghia thong ké. Ngoai ra,
so v6i vt lidu 1, score cho vat lidu 2 va 3 ciing thip hon dang ké véi do thap nhat ghi
nhan & vat li€u 2, va anh hudng cia vat li¢u thi nghiém cling c6 y nghia théng ké.

Gid tri c6 tén 1a “Residual standard error” dugc udc tinh tur trung binh binh
phuong phan du trong phén (a), tic 1a 1/0.0525 = 0.229, tirc 13 wdc sb cla & .

Hé sb xac dinh bdi (R?) cho biét hai yéu tb didu kién va vat liéu giai thich khoang
91% do¢ dao dong cua toan bo mau. HE so nay dugc tinh tir tong binh phuong trong két
qua phan (a) nhu sau:

R 5.0139+2.1811

= =0.9074
5.0139+2.1811+0.7344

Va sau cing, hé s6 R? diéu chinh phan anh do “cai tién” cia mo hinh. Dé hiéu hé
s6 nay t6t hon, chung ta thiy phuong sai cua toan bd méu 1a s* = (5.0139 + 2.1811 +
0.7344) / 17 = 0.4644. Sau khi diéu chinh cho anh huéng cua diéu kién va vat liéu,
phuong sai nay con 0.0525 (tiic 1a residual mean square). Nhu vdy hai yéu té nay lam
giam phuong sai khoang 0.4644 — 0.0525 = 0.4119. Va hé sb R* diéu chinh la:

AdjR*=0.4119/0.4644 = 0.88

Turc 1a sau khi di€u chinh cho hai yéu t6 diéu kién va vat liéu phuong sai ctia score giam
khoang 88%.

So sanh giira cac nhém. Chung ta s€ udc tinh do khac biét gitra hai diéu kién va
ba vat li¢u bang ham TukeyHSD véi aov:

> res <- aov(score ~ condition+ material+condition)
> TukeyHSD (res)
Tukey multiple comparisons of means
95% family-wise confidence level
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Fit: aov(formula = score ~ condition + material + condition)
$condition
diff lwr upr p adj

2-1 -1.055556 -1.287131 -0.8239797 1le-07

Smaterial

diff lwr upr p adj
2-1 -0.8500000 -1.19610279 -0.5038972 0.0000442
3-1 -0.4833333 -0.82943612 -0.1372305 0.0068648
3-2 0.3666667 0.02056388 0.7127695 0.0374069

Biéu d6 sau day s€ minh hoa cho céac két qua trén:

> plot (TukeyHSD (res), ordered=TRUE)
There were 16 warnings (use warnings() to see them)

95% family-wise confidence level

i

2-1

2 B R

31

T T T T
-1.0 -0.5 0.0 0.5

3-2

Differences in mean levels of material

Biéu do 25. So sanh gitra 3 loai vat liéu bf?mg
phuong phép Tukey.

12. Phan tich hoi qui logistic

Trong cac phan truéc vé phan tich hdi qui tuyén tinh va phan tich phuong sai,
ching ta tim mé hinh va méi lién hé gitra mot bién phu thudc lién tuc (continuous
dependent variable) va mot hay nhiéu bién doc lap (independent variable) hodc 1a lién tuc
hoic 1a khong lién tuc. Nhung trong nhiéu trudng hop, bién phu thudc khong phai la bién
lién tuc ma 1 bién mang tinh do luong nhi phan: c6/khéng, mac bénh/khong mic bénh,
chét/sdng, xay ra/khong xay Ia, V.v..., con cac bién doc 1ap c6 thé 1a lién tuc hay khong
lién tyc. Ching ta ciing mudn tim hleu mdi lién hé giira cac bién doc 1ap va bién phu
thudc.
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Vi du 19. Trong mét nghién ciru do t6i tién hanh dé tim hiéu méi lién hé giira
nguy co giy xuong (fracture, viét tat 1a £x) va mat do xuong cing mét sb chi s6 sinh hoa
khac, 139 bénh nhan nam (hay no6i diing hon 1a d6i twong nghién ctru) tudi tir 60 tré 1én.
Nam 1990, céac s6 liéu sau day dugc thu thap cho moi ddi tuong: do tudi (age), ti trong
co thé (body mass index hay BMI), mat do chat khoang trong xwong (bone mineral
density hay BMD), chi sd hitly xuwong ICTP, chi sd tao xwong PINP. Cac ddi tuong
nghién ctru dugc theo doi trong vong 15 nam. Trong thoi gian theo ddi, cac bénh nhan bi
gdy xuong hay khong giy xuong dugc ghi nhan. Cau hoi dit ra ban dau 1a c6 mot moi
lién hé gi gitta BMD va nguy co gdy xuong hay khong. S6 liéu ctia nghién ctru nay dugc
trinh bay trong phan cudi ctia chuong ndy, va s& trinh bay mot phan duéi day dé ban doc
nim duoc van dé.

M4t phén s6 liéu nghién ctru vé cic yéu td nguy co cho giy xwong

id fx age bmi bmd ictp pinp
1 1 79 24.7252 0.818 9.170 37.383
2 1 89 25.9909 0.871 7.561 24.685
3 1 70 25.3934 1.358 5.347 40.620
4 1 88 23.2254 0.714 7.354 56.782
5 1 85 24.6097 0.748 6.760 58.358
6 0 68 25.0762 0.935 4.939 67.123
7 0 70 19.8839 1.040 4.321 26.399
8 0 69 25.0593 1.002 4.212 47.515
9 0 74 25.6544 0.987 5.605 26.132
10 0 79 19.9594 0.863 5.204 60.267
137 0 64 38.0762 1.086 5.043 32.835
138 1 80 23.3887 0.875 4.086 23.837
139 0 67 25.9455 0.983 4.328 71.334

O day, vi bién phu thudc (giy xuong) khong duoc do ludng theo tinh lién tuc (ma
chi 14 ¢6 hay khéng), cho nén phuong phap phan tich hdi qui tuyén tinh dé phan tich mdi
lién h¢ gitra_ bién phu thudc va bién doc 1ap. Mot phuong phap phan tich dugc phat trién
tuong dbi gan day (vao thap nién 1970s) co tén la logistic regression analysis (hay phan
tich hoi qui logistic) c6 thé ap dung cho truong hop trén.

Trong nghién ctru ndy, sau 15 ndm theo ddi, c6 38 bénh nhén bi gay xuong. Tinh
theo phan tram, ti I¢ gdy xuwong 1a 38 / 139 = 0.273 (hay 27.3%).

12.1 M6 hinh héi qui logistic

Cho mdt tin sd bién cb x ghi nhan tir n d6i twong, ching ta c6 thé tinh x4c suit
cua bién co do la:
X
P=—
n
p ¢6 thé xem 1a mot chi sb do luong nguy co cua mot bién cd. Mot cach thé hién nguy co
khac 13 odds (mot danh tir, néu t6i khong 1am, chi co trong tiéng Anh — ngay ca tiéng

Phap, bBuc, Tay Ban Nha ... cling khong c6 danh tir ttong duong véi odds). Toi tam dich

95



Phan tich s liéu va biéu dd bang R Nguy&n Van Tuan

odds 13 kha nang. Kha ning cua mot bién ¢b duoc dinh nghia don gian bang ti s xac
suat bi€n c0 xay ra trén xac suat bién co khong xay ra:
odds =—L—
I-p
Ham /ogit cua odds dugc dinh nghia nhu sau:

logit(p) =log (%j

Cho mét bién doc 1ap x (x c6 thé 1a lién tuc hay khong lién tuc), mo hinh hoi qui logistic
phat bi€u rang:

logit(p) = a + fBx

Tuong tu nhu mo hinh hdi qui tuyén tinh, o va B 1a hai th6ng s6 tuyén tinh can phéi udc
tinh tir dir liéu nghién ciru. Nhung y nghia cua thong s0 nay, dac biét 1a thong so B, rat
khac voi y nghia ma ta da quen v6i md hinh hoi qui tuyén tinh. Dé hiéu ¥ nghia cua hai
thong sb nay, toi s& quay lai v6i vi du 19.

Van d¢ ma chiung ta muon biét 1a moi lién hé gitra mat d6 xuwong bmd va nguy co
gdy xuong (fx). DE tién cho vi¢c minh hoa, goi bmd 14 x, van d€ ma ching ta can bict
c6 thé viét bang ngdn ngit mo hinh nhu sau

logit(p) =log (%j a+ fx

Noi cach khac:
_ p _ _a+px
odds =+ =¢
(p) I-p

No6i cach khac, mé hinh hdi qui logistic vira trinh bay trén phat biéu rang mdi lién
hé giita xac suat gdy xuong (p) va mat o xuwong bmd 1a mot mbi lién hé theo hinh chir S.
M5 hinh trén con cho thy xac suét gy xwong p tiy thudc vao gia tri ciia x. Thanh ra,
mo hinh trén c6 thé viét mot cach chinh xac hon rang khd ndng giy xuwong véi diéu kién x
la:
odds(p|x)=e""™

Khi x = xo, kha ning gdy xuong 1a: odds(p|x=x,)=e"""
Khi x = xo+ 1 (tc taing 1 don vi tir x¢), kha nang gy xuong la:

odds(p|x=x,+1)= e Pl

Va, ti s0 cua hai xac suat gay xuong:
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Odds(p | x = x, +1) ~ oAl

a+fx,

B

0dds(p|x:x0) e -

Trong dich t& hoc, ¢’ duge goi 1a odds ratio. Odds ratio, nhu tén goi 13, ti s6 kha ndng
hay #i s6 kha di. Noi cach khac, hé sé B trong mé hinh hdi qui logistic chinh 14 ti s6 kha
di.

Phuong phép dé udc tinh théng sé trong moé hinh [3] kha phic tap (dung phuong phap
maximum likelihood — tirc phwong phap Hop Ii cie dai) va khong nam trong pham vi ctia
cubn sach ndy, nén toi s& khong trinh bay & day (ban doc ¢ thé tham khao sach giao
khoa dé biét thém, néu can thiét). Tuy nhién, t6i mudn dé cap ngin gon 1a phuong phap
hop li cuc dai cung cap cho ching ta mot hé phuong trinh nhu sau:

-1

Zy z( a+hn ))
; X, = ; X, (1 + ef(‘i*’ﬁxf) )

Trong d6, Trong d6, y; 1a bién phu thudc (giy xwong véi gia tri 0 hay 1), va x; 1a
bién doc lap (mat do xuong), va n 13 s6 mau. Dé tim udc sd& va ,@ mot trong nhirng
phép tinh hay sur dung la iterative weighted least square hay Newton-Raphson. R su
dung phép tinh Newton-Raphson dé tim hai udc s6 do.

Sau khi da c6 udc s0 @ va S chung ta c6 thé udc tinh xac suat p cho bat cir gia tri
nao cua x nhu sau (sau vai thao tac dai so0):

eOA!Jr,‘gx 1

ﬁ: — = —
1+ 1+e_(‘“ﬂx)

Chu y t6i ding ddu mii p dé chi sd udc tinh (predicted value), chir khong phai p 1a xac
suat quan sat. Néu mo hinh mé ta dir liéu tot va day du, do khac biét gitta p va p nho;
néu mo hinh khong thich hop hay khong tot, do khac biét d6 co thé s& cao. Do khac biét
gitta p va p duoc goi la deviance. Phuong phap tinh deviance kha phtrc tap, nhung do
khong phai la chu dé o day, cho nén t6i chi noi qua khai niém ma théi. Khi chung ta c6
nhiéu mo6 hinh d€ moé phong mét hay nhi¢u m@i lién hé, deviance c(), thé duoc st dung dé
danh gid sy thich hgp ciia mdt mo hinh, hay d€ chon mgt mo hinh “t6i uu”.

12.2 Phan tich héi qui logistic bang R
Béy gio, chung ta quay lai voi vi du 1, dung s6 liéu trong Bang 12.1 dé udc tinh

hai théng s6 o va B bang R. Trudc hét chiing ta phai nhip toan bo s6 liéu vao mot data
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frame, va cho mdt cai tén, chang han nhu fracture. Trong trudng hop cua toi, dir licu
duoc chira trong directory c:\works\stats dudi tén fracture. txt, do do, cac 1énh sau
day can thiét dé nhap so li¢u:

# bdo cho R biét noi chtta sb liéu

> setwd (“c:/works/stats”)

# nhdp sb liéu va cho vao mdét data frame tén fracture

> fracture <- read.table(“fracture.txt”, header=TRUE, na.string=".")

# kiém tra xem c6 bao nhiéu bién trong dit 1liéu fracture

> names (fracture)
[l] llid" n fxll llagell 'lbmi" llbmdll "ictpll llpinpll

# Chon nhiing bénh nhan c6 ddy du sbé liéu cho phan tich

> fulldata <- na.omit (fracture)
> attach(fulldata)

Hai bién ma ching ta quan tdm trong vi du nay la: f£x (gdy xuong) va bmd (mat do
xuong). Chung ta kiém tra xem c6 bao nhiéu bénh nhan gay xuong:

> table (fx)
fx

0 1
101 38

Ké dén, xem mat do xwong trong nhom giy xuong va khong giy xuong ra sao:

> tapply(bmd, fx, mean)
0 1
0.9444851 0.9016667

> boxplot (bmd ~ fx,

xlab="Fracture: l=yes, 0=no)”,
ylab="BMD")
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12

1.0

BMD

0.6

Fracture: 1=yes, 0=no)

Két qua trén cho thiy, bmd trong nhom bénh nhén bj gy xwong thip hon so v&i nhom
khong bi géy xuong (0.90 va 0.94). Va, kiém dinh t sau day cho thay mirc d6 khac biét
nay khong c6 y nghia thong ké (p = 0.15).

> t.test (bmd~fx)

Welch Two Sample t-test

data: bmd by fx
t = 1.4572, df = 53.952, p-value = 0.1508
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.01609226 0.10172922
sample estimates:
mean in group 0 mean in group 1
0.9444851 0.9016667

Pé ude tinh thong sb trong md hinh [4], ham sb glm (viét tit tir generalized
linear model) trong R c6 thé ap dung, voi “ci phap” nhu sau:

> logistic <- glm(fx ~ bmd, family="binomial”)
> summary (logistic)

Call:
glm(formula = fx ~ bmd, family = "binomial")

Deviance Residuals:
Min 10 Median 30 Max
-1.0287 -0.8242 -0.7020 1.3780 2.0709

Coefficients:

Estimate Std. Error z value Pr(>|z]|)
(Intercept) 1.063 1.342 0.792 0.428
bmd -2.270 1.455 -1.560 0.119

(Dispersion parameter for binomial family taken to be 1)
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Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 155.27 on 135 degrees of freedom
AIC: 159.27

Number of Fisher Scoring iterations: 4
Toi s€ 1an luot giai thich cac két qua trén:

(a) Trong lIénh 1ogistic <- glm(fx ~ bmd, family="binomial”) chung ta yéu cau
R phan tich theo mé hinh f£x 13 mot ham sé v6i bmd nhu mé hinh [4]. Trong glm cé
nhiéu luat phan phdi, ma trong d6 phan phdi nhi phan (binomial) 1a mot luat phan
phdi chuan cho héi qui logistic. Do d6, family="binomial” can thiét cho R.

(b) Deviance: phan thi nhat ctia két qua cho biét qua vé deviance.

Deviance Residuals:
Min 10 Median 30 Max
-1.0287 -0.8242 -0.7020 1.3780 2.0709

Deviance nhu gidi thich trén phan dnh d¢ khac biét gitta mo hinh va dir li€u (cling tuong
tu nhu mean square residual trong phan tich hoi qui tuyén tinh vay). D61 vdi mdt mo
hinh don 1¢é nhu vi du nay thi gié tri cia deviance khong c6 y nghia gi nhiéu.

(¢) Phan ké tiép cung cAp wéc sb ciia ¢ (ma R dit tén 1a intercept) va £ (bmd) va
sai s6 chuan (standard error).

Coefficients:

Estimate Std. Error z wvalue Pr(>|z])
(Intercept) 1.063 1.342 0.792 0.428
bmd -2.270 1.455 -1.560 0.119

Qua két qua nay, chung ta c6 &= 1.063 va ,3 =-2.27. Ubc sb ,3 1a s6 am cho thiy méi
lién hé gitra nguy co gdy xuong va bmd 1a mdi lién hé nghich déo: xac suat giy xuong
tang khi gia tri cia bmd giam. Tuy nhién, kiém dinh z (tinh bang cach 1y wéc sd chia
cho sai s6 chuan) cho chiing ta thiy anh hudng ciia bmd khong c¢6 ¥ nghia thong ké, vi tri
sop=0.119.

Nh6 rang ti sb kha di (odds ratio hay viét tat 1a OR) chinh 1a ¢>*” = 0.1033. Noi cach
khac, khi bmd ting 1 g/cm? (don vi do ludng cia bmd 13 g/cm?) thi ti s6 OR giam 0.9067
hay 90.67%. Nhung ting 1 g/cm” 1a mat d6 rat cao trong xuong va khong thuc té. Cho
nén mot cach tinh khac 1a tinh trén d6 1éch chuan (standard deviation) ctia bmd. Chung
ta s& tim hiéu do 1éch chuén cua bmd:

> sd (bmd)
[1] 0.1406543

Do d6, OR s& tinh trén mdi 0.14 g/cm®. Va OR cho mdi d6 1éch chuin, do do, 1a:
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e -2.27*%0.1406 =0.7267

Tirc 13, khi brd tang mot 6 1éch chuan thi ti s6 kha di gdy xuong giam khoang 28%.
Ciing c6 thé néi cach khéc, 1a khi bmd gidm mot do 1éch chudn thi ti s6 kha di ting
70149 — 1 376 hay khoang 38%.

Mot cach khac dé biét anh hudng cia bmd 13 wdc tinh xac suit giy xwong qua phuong
trinh:
el.063—2,27(bmd)

ﬁ: 1.063-2.27(bmd
]+ ¢! 003-227(md)

Theo do, khi bmd =1.00, p=0.23. Khi bmd = 0.86 (trc gidm 1 46 I¢ch chuén), p=
0.291. Ttc la, néu BMD giam 1 do 1éch chuan thi xac suat gady xuong tang 0.291/0.23 =
1.265 hay 26%5.

(d) Phan cudi cua két qua cung cap deviance cho hai mé hinh: mé hinh khong c6 bién
doc lap (null deviance), va md hinh véi bién doc l1ap, tuc 1a bmd trong vi du
(residual deviance).

Null deviance: 157.81 on 136 degrees of freedom
Residual deviance: 155.27 on 135 degrees of freedom
AIC: 159.27

Qua hai sb nay, chung ta thdy bmd anh huong rat thap dén viéc tién doan gy
xuong, chi 1am giam deviance tir 157.8 xu6ng con 155.27, va mire dd giam nay khong c6
y nghia thong ké.

Ngoai ra, R con cung cap gia tri ciia AIC (Akaike Information Criterion) duoc
tinh tir deviance va bac tu do. T6i s€ quay lai y nghia cua AIC trong phan sap dén khi so
sanh cadc mo hinh.

12.3 Wéc tinh xac suat bang R

Xin nhic lai trong phan tich trén, ching ta cho cic két qua vao d6i tuong
logistic. Trong ddi tuong ndy co nhidu thong tin co ich, nhung néu mudn xem cic
thong tin nay ching ta phai ding dén céc 1énh nhu summary chang han. Trong phan
nay, to1 s€ trinh bay mot vai ham dé xem xét cac thong tin lién quan dén viéc tién doan
x4c suat.

e predict dung dé liét ké cac gia tri wdc tinh (predicted values) cia mo hinh

log (ILJ =a + fx cho tung bénh nhan.

> predict (logistic)

1 2 3 4 5 6
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2.377576584 1.085694014 -2.141117756 1.492824115 0.965379946 -0.941253280
7 8 9 10 11 12
-1.733686514 -1.675645430 -0.665282957 -0.507046129 -0.941854868 -0.648740461

Cac s6 trén 1a log(p / (1 — p)), tic log odds, khong c6 ¥ nghia hyuc té bao nhiéu. Chung ta
1.063-2.27(bmd ) ,
. Bé co gia tri

mudn biét gia tri tién doan xac sut p tinh tir phwong trinh p = T3 o 02 (ma]
062

nay cho tirng bénh nhan, ching ta cho thong sé type="response” vao haim predict
nhu sau:

> predict(logistic, type="response")

1 2 3 4 5 6 7
0.91510135 0.74757001 0.10516416 0.81650178 0.72419767 0.28064726 0.15011664
8 9 10 11 12 13 14

0.15767295 0.33955387 0.37588624 0.28052582 0.34327343 0.44305196 0.23830776

Trong két qua trén (chi in mot phan) udc tinh xac suit giy xwong cho bénh nhan 1 1a
0.915, cho bénh nhan 2 14 0.747, v.v...

e Ching ta c6 thé xem xét cac gid tri tién doan nay véi do bmd bang cach ding ham
plot thong thuong:

> plot (bmd, fitted(glm(fx ~ bmd, family="binomial”)))

0.35 0.40
| |
®

0.30
|

fitted(glm(fx ~ bmd, family = "binomial"))
0.25
1
&

0.20
|

0.15
|

0.6 0.8 1.0 12
bmd

Xac suét tién doan giy xuong (truc tung) va do bmd (truc
hoanh) qua mé hinh hdi qui logistic.
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Biéu d6 trén c6 thé cai tién bang cach cho cac khoang cach gié tri bmd gan nhau hon
(nhu 0.50, 0.55, 0.60, ..., 1.20 chang han), va dung duong biéu dién thay vi dung dau
cham. Céc 1énh sau day s& cai tién biéu do.

logistic <- glm(fx ~ bmd, family="binomial”)

fnbmd <- seqg (0.5, 1.2, 0.05) #cho fnbmd tw > 0.50,0.55,0.6,...,1.2
new.data <- data.frame (bmd = fnbmd) #cho vao mdt dataframe mdi
predicted <- predict(logistic, new.data, type="response”)

plot (predicted ~ fnbmd, type="1")

vV V V V V

predicted
0.30 0.35 0.40 045
! ! ! !

0.25
|

0.20
1

0.15
|

T T T T T T T T
05 0.6 0.7 08 0.9 1.0 1.1 12

fnbmd

Xac suit tién doan gy xuong (truc tung) va do bmd (truc
hoanh) qua mé hinh héi qui logistic.

13. U'&c tinh c& mau (sample size estimation)

Mot cong trinh nghién ciru thudng dwa vao mot mau (sample). Mot trong nhitng ciu hoi
quan trong nhat trude khi tién hanh nghién ctru 13 can bao nhiéu mau hay bao nhiéu déi
tuong cho nghién ctru. “Poi turong” ¢ déy 1a don vi can ban cua mét nghién cuu, la so
bénh nhén, s6 tinh nguyén vién, s6 mau rudng, cay trong, thiét bi, v.v... Udc tinh sb
lwong dbi tuong can thlet cho mét cong trinh nghién ctiru dong vai tro cuc k1 quan trong,
vi n6 ¢o thé 13 yéu td quyét dinh su thanh cong hay that bai cua nghién ctru. Néu sd
luong dbi twong khong du thi két luan rit ra tir cong trinh nghién ctru khong c6 dg chinh
xac cao, tham chi khong thé két luan gi dugc. Nguoc lai, néu s6 luong dbi tuong qua
nhiéu hon s6 can thiét thi tai nguyén, tién bac va thoi gian s& bi hao phi. Do do, van dé
then chét trudc khi nghién ctru 14 phai wdc tinh cho duoc mot s6 ddi twong vira da cho
muc tiéu ctia nghién ciru. SO lugng ddi turong “vira di” tiy thude vao ba yéu t6 chinh:
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e Sai s6t ma nha nghién ctru chép nhén, cu thé 1a sai sot loai I va II;
e DJ dao dong (variability) cua do luong, ma cu thé 1a do 1éch chuan; va
e Muc dd khac biét hay anh huédng ma nha nghién ctru mudn phat hién.

Khong ¢ s6 ligu vé ba yéu t6 ‘nay thi khong thé nao udc tinh ¢& mau. Kinh
nghiém cua ngudi Vlet cho thay rat nhiéu nguoi khi tién hanh nghién ctru thuong khong
c6 ¥ niém gi vé cac sd liéu nay, cho nén khi dén tham van cac chuyén gia vé thong ké
hoc, ho chi nhan cau tra 10i: “khong thé tinh dugc”! Trong chuong nay t6i s& ban qua ba
yéu t trén.

13.1 Khai niém vé “power”

Théng ké hoc 1a mot phuwong phap khoa hoc ¢6 muc dich phat hién, hay di tim
nhimg cai 6 thé gop chung lai bang cum tir “chua dugc biét” (unknown). Cai chua duoc
biét ¢ day la nhimg hién tuong ching ta khong quan sat duoc, hay quan sat dugc nhu:ng
khong day du. “Cai chua biét” ¢ thé 1a mot an sb (nhu chiéu cao trung binh ¢ nguoi
Viét Nam, hay trong luong mot phan twr), hiéu qua ctia mot thuat diéu tri, gen c6 chirc
ning lam cho cdy 14 c6 mau xanh, s& thich ciia con nguoi, v.v... Chung ta c6 thé do chiéu
cao, hay tién hanh xét nghiém dé biét hiéu qua cua thudc, nhung cac nghién ciru nhu thé
chi duogc tién hanh trén mot nhom dbi twong, chir khong phai toan by quan thé cia dan
sO.

O mirc d6 don gian nhat, nhimng cai chua biét nay c6 thé xuat hién dudi hai hinh
thire: hodc 1a 6, hodc 1a khong. Chiang han nhu mot thuat diéu tri c¢6 hay khong c6 hiéu
qua chdng giy xuwong, khach hang thich hay khong thich mét loai nudc giai khat. Bai vi
khong ai biét hién tugng mot cach day du, ching ta phai dit ra gia thiét. Gia thiét don
gian nhit 1a gid thiét dao (hién twong khong ton tai, ki hiéu H-) va gid thiét chinh (hién
tuong tdn tai, ki hiéu H+).

Chung ta sir dung cac phuong phap kiém dinh thong ké (statistical test) nhu kiém
dinh ¢, F, z, %*, v.v... dé danh gi4 kha ning cua gia thiét. Két qua cua mot kiém dinh
thong ké ¢6 thé don gian chia thanh hai gia tri: hodc 1a 6 y nghia thong ké (statistical
significance), hodc 14 khéng cé y nghia thong ké (non- -significance). C6 y nghia thong ké
o day, nhu dé cap trong Chuong 7, thuong dya vao tri s0 P: néu P < 0.05, ching ta phat
biéu két qua cé ¥ nghia thong ké; néu P > 0.05 ching ta noi két qua khong cé ¥ nghia
thong ké. Ciing c6 thé xem cé ¥ nghia thong ké hay khong ¢ y nghia thong ké nhur 14 ¢6
tin hiéu hay khong c6 tin hiéu. Hay tam dat ki hiéu T+ 1a két qua c6 ¥ nghia thong ké, va
T- 1a két qua kiém dinh khong c6 ¥ nghia thng ké.

Hay xem xét mot vi du cu thé: dé biét thudc risedronate co hiéu qua hay khong
trong viéc diéu tri lodng xuong, ching ta tién hanh mot nghién cru gébm 2 nhom bénh
nhan (mot nhom duoc diéu tri bé“mg risedronate va mdt nhom chi st dung gid duogc
placebo). Chung ta theo ddi va thu thap s liéu giy xwong, udc tinh ti 1& giy xuong cho
ting nhom, va so sanh hai ti 1¢ bing mot kiém dinh thong ké. Két qua kiém dinh théng
ké hodc 1a co y nghia thong ké (P<0.05) hay khong c6 ¥ nghia thong ké (P>0.05). Xin
nhic lai ring ching ta khong biét risedronate that sy c¢6 hiéu nghiém chdng giy xuong
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hay khong; ching ta chi c6 thé dat gia thiét H. Do d6, khi xem xét mot gia thiét va két
qua kiém dinh thong ké, chiing ta c6 bon tinh huong:

(a) Gia thuyét H dtng (thudc risedronate c6 hiéu nghiém) va két qua kiém dinh thong
ké P<0.05.

(b) Gia thuyét H ding, nhung két qua kiém dinh thdng ké khong c6 ¥ nghia thong keé;

(c) Gia thuyét H sai (thudc risedronate khong c6 hiéu nghiém) nhung két qua kiém
dinh thong ké c6 y nghia thong ké;

(d) Gia thuyét H sai va két qua kiém dinh thdng ké khéng c6 ¥ nghia thong ké.

O day, truong hop (a) va (d) khong c6 van dé, vi két qua kiém dinh thong ké nhét quan
v6i thyc té cua hién tugng. Nhung trong truong hop (b) va (c), chiung ta pham sai lam, vi
két qua kiém dinh thong ké khong phu hop véi gia thiét. Trong ngdn ngir théng ké hoc,
chung ta c6 vai thuat ngi:

e xic suit cua tinh hudng (b) xay ra duoc goi 1a sai sot loai II (type 11 error), va
thuong ki hi¢u bang g.

* Xxac suit cta tinh huong (a) duogc goi 1a Power. Noi cach khac, power chinh 1a xac
suat ma két qua kiém dinh thdng cho ra két qua p<0.05 véi diéu kién gia thiét H 1a
that. Noi cach khéc: power =1-4;

e xic sudt ctia tinh hudng (c) duoc goi 1a sai sét logi I (type 1 error, hay significance
level), va thudng ki hiéu bang a. Noi cach khéac, o chinh 1a x4c suat ma két qua

kiém dinh thong cho ra két qua p<0.05 vé6i diéu kién gia thiét H sai;

e XAc suit tinh hong (d) khong phai 1a van dé can quan tim, nén khong c6 thuat
ngit, du c6 thé goi d6 1a két qua dm tinh thdt (hay true negative).

C6 thé tom luoc 4 tinh hubng d6 trong mot Bang 1 sau day:

Cic tinh hudng trong viéc thir nghiém mét gia thiét khoa hoc

) ) ) Gia thuyét H
Keét qua kiém dinh thong ké ~ Dbung ) Sai
(thuoc co6 hiéu nghiém) (thuoc khong c6 hi€u nghiém)
Cé y nghia thong ké (p<0,05) Duong tinh that (power), Sai s6t loai I (type I error)
1-B=P(s | H+) o =P(s| H-)
Khéong cé y nghia théng ké Sai sot loai II (type II error) Am tinh that (true negative)
(p>0,05) B =P(ns | H+) 1-o = P(ns | H-)
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Chi thich: s trong biéu db nay c6 nghia 14 significant; ns non-significant; H+ 1a gia thuyét ding;
va H- 1a gia thuyét sai. Do d0, c6 thé mo ta 4 tinh huong trén bang ngdn ngli xac suat co diéu
kién nhu sau: Power =1 — f=P(s | H+); B = P(ns | Ht); va oo = P(s | H-).

13.2 S6 liéu dé woc tinh c& mau

Nhu dd dé cap trong phan dau ciia chuong nay, dé udc tinh sé dbi tuong can thiét
cho mot cong trinh nghién ctru, chiing ta can phai ¢6 3 so li¢u: xac suat sai sot loai I va II,
d6 dao dong cua do luong, va dg anh hudng.

e V& xac suit sai sot, thong thuong mot nghién ctru chdp nhan sai sot loai I khoang
1% hay 5% (tic o = 0.01 hay 0.05), va xéc suat sai sot loai II khoang 3 = 0.1 dén
B = 0.2 (tac power phai tir 0.8 dén 0.9).

e Do dao dong chinh 1a doc 1éch chuan (standard deviation) cua do luong ma cong
trinh nghién ctru dya vao dé phén tich. Chang han nhu néu nghién ciru vé cao
huyét 4p, thi nha nghién ctru can phai c6 do léch chuin cta 4p sudt mau. Chung
ta tam goi d6 dao dong la o.

e Do anh huong, néu 1a cong trinh nghién ctu so sanh hai nhom, 1a d§ khac bi¢t
trung binh giita hai nhém ma nha nghién ctru muén phat hién. Chang han nhu
nha nghién ctru c6 thé gia thiét rang bénh nhan dugc diéu tri bang thudc A c6 ap
suat mau giam 10 mmHg so v6i nhom gia duge. O day, 10 mmHg duoc xem la
d6 anh hudng. Ching ta tam goi do anh huong 1a A.

Mot nghién ctru ¢6 thé c6 mot nhom ddi twong hay hai (va c6 khi hon 2) nhém
doi tuwong. Va udce tinh cd mau cling tuy thudc vao cac truong hop nay.

Trong truong hop modt nhom dbi twong, sb lwong ddi twong () can thiét cho
nghién ctru c6 thé tinh toan mot cach “thu cong” nhu sau:
_ C
RN
(A/o)
Trong trudng hop c6 hai nhom dbi tuong, s6 luong ddi twong () can thiét cho
nghién ctru ¢ thé tinh toan nhu sau:
C
2
(A/ O')

n=2x

Trong d6, hang s6 C duoc xac dinh tir xac suét sai sot loai I va II (hay power) nhu sau:
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Hiing s6 C lién quan dén sai s6t loai I va II

o= B=0.20 B=0.10 B=0.05
(Power = 0.80) (Power = 0.90) (Power = 0.95)
0.10 6.15 8.53 10.79
0.05 7.85 10.51 13.00
0.01 13.33 16.74 19.84

Nguy&n Van Tuan

13.4 Wéc tinh c& mau
13.4.1 Wéc tinh c& mau cho mét chi sé trung binh

Vi du 20: Chtng ta mudn wéc tinh chiéu cao & dan éng ngudi Viét, va chap nhan
sai sb trong vong 1 cm (d = 1) véi khoang tin cay 0.95 (tc 0=0.05) va power = 0.8 (hay
B =0.2). Cacnghién ciru trudc cho biét dd 1éch chuan chidu cao & nguoi Viét khoang 4.6
cm. Chung ta c6 thé ap dung cong thirc [1] dé wéc tinh ¢& mau can thiét cho nghién ciru:

- C _ 7.85 166

(Alo) (1/4.6)

Noi cach khéc, chung ta can phai do chiéu cao ¢ 166 doi tugng dé udce tinh chiéu cao dan
ong Viét voi sai sO trong vong 1 cm.

Néu sai s6 chip nhan 13 0.5 cm (thay vi 1 cm), s lugng ddi tuong can thiét la:
785 A A s A \ , A A \ v A A
n=———=06064. Néu d0 sai sO ma ching ta chap nhén la 0.1 cm thi s6 lugng do6i
(0.5/4.6)
tuong nghién ctru 1én dén 16610 nguoi! Qua cac ude tinh ndy, ching ta dé dang thiy ¢
mau tuy thudc rat 1én vao do sai sO ma ching ta chap nhan. Mudn c6 udc tinh cang
chinh xéc, ching ta can cang nhi€u doi tugng nghién ctru.

Trong R ¢6 ham power.t.test co thé ap dung dé udc tinh ¢& mau cho vi du
trén nhu sau. Cha y ching ta cho R bié¢t vin dé 1a mdt nhom tuc
type="one.sample”:

# sai s6 1 cm, ddéc léch chudn 4.6, a=0.05, power=0.8
> power.t.test(delta=1l, sd=4.6, sig.level=.05, power=.80,
type='one.sample')

One-sample t test power calculation

n = 168.0131
delta =1
sd = 4.6
sig.level = 0.05
power = 0.8
alternative = two.sided
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két qua tinh toan tir R 1a 168, khac v6i cach tinh thu cong 2 do6i tuong, vi ¢6 nhién R sir
dung nhiéu s6 1¢ hon va chinh xac hon cach tinh thi céng. Véi sai s6 0.5 cm:

# sai s6 0.5 cm, déc léch chuédn 4.6, a=0.05, power=0.8
> power.t.test(delta=0.5, sd=4.6, sig.level=.05, power=.80,
type='one.sample')

One-sample t test power calculation

n = 666.2525

delta = 0.5
sd = 4.6
sig.level = 0.05
power = 0.8
alternative = two.sided

Vi du 21: M6t loai thude diéu tri c6 kha ning ting d6 alkaline phosphatase & bénh
nhan lodng xuong. Do 1éch chuin cua alkaline phosphatase 1a 15 U/l. Mot nghién ctru
m&i sé tién hanh trong mot quﬁn thé bénh nhan & Viét Nam, va cac nha nghién ctru mubn
biét bao nhiéu bénh nhan can tuyén dé chimg minh rang thudc cé thé alkaline
phosphatase tir 60 dén 65 U/I sau 3 thang diéu tri, voi sai s6 I o = 0.05 va power = 0.8.

Day 1a mot loai nghién clru “trude — sau” (before-after study); cé nghia la trude
va sau khi diéu tri. O day, chung ta chi c6 mdt nhom bénh nhan, nhung dugc do hai lan
(trude khi ding thude va sau khi dung thudc). Chi tiéu 1am sang dé danh gia hiéu nghiém
ctia thudc 1a d6 thay d6i vé alkaline phosphatase. Trong truong hop nay, chung ta co tri
) tang trung binh la 5 U/l va dg léch chuén 1a 15 U/, hay noéi theo ngdn ngit R,
delta=5, sd=15, sig.level=.05, power=.80, Vélénh:

> power.t.test(delta=3, sd=15, sig.level=.05, power=.80,
type='one.sample')

One-sample t test power calculation

n = 198.1513

delta = 3
sd = 15
sig.level = 0.05
power = 0.8
alternative = two.sided

Nhu vay, ching ta can phai c6 198 bénh nhan dé dat cac muc tiéu trén.

13.4.2 Uéc tinh ¢& mau cho so sanh hai sé trung binh
Trong thyc té, rat nhidu nghién ctru nham so sanh hai nhém véi nhau. Cach udc

tinh ¢& mau cho cac nghién ctru ndy chi yéu dyua vao cong thirc [2] nhu trinh bay phan
15.3.1.
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Vi du 22: Mot nghién ctru duoc thiét ké dé thir nghiém thudc alendronate trong
viéc diéu tri lodng xuong & phu nit sau thoi ki man kinh. C6 hai nhém bénh nhan duoc
tuyén: nhom 1 13 nhom can thiép (duoc diéu tri bang alendronate), va nhom 2 1a nhom
d6i chung (tirc khong dugc diéu tri). Tiéu chi dé danh gia hiéu qua cia thude 1a mat do
xuong (bone mineral density — BMD). S4 liéu tir nghién ctru dich t& hoc cho thiy gia tri
trung binh cia BMD trong phu nit sau thoi ki man kinh 1a 0.80 g/cmz, v6i d6 1éch chuén
12 0.12 g/cm®. Vén dé dat ra 1a chung ta can phai nghién ctru & bao nhiéu ddi tuong dé
“chimg minh” ring sau 12 thang diéu tri BMD cuia nhém 1 ting khoang 5% so v6i nhoém
27

Trong vi du trén, tam goi tri ) trung binh cua nhém 2 1a g, va nhom 1 1a g,
chiing ta c6: ¢, = 0.8*%1.05 =0.84 g/em’” (tlc ting 5% so v6i nhom 1), va do d6, A = 0.84
—0.80=10.04 g/em®. DO léch chudn 1a o= 0.12 g/em®. Véi power = 0.90 va o = 0.05, c&
mau can thiét la:

- 2C _ 2x10.51 189

(A/o)” (0.04/0.12)

Valoi gidi tr R qua ham power. t.test nhu sau:

> power.t.test(delta=0.04, sd=0.12, sig.level=0.05, power=0.90,
type="two.sample")

Two-sample t test power calculation

n = 190.0991

delta = 0.04

sd = 0.12

sig.level = 0.05

power = 0.9
alternative = two.sided

NOTE: n is number in *each* group

Chu y trong ham power.t.test, ngoai cic thong sb thong thudng nhu delta (do
anh huong hay khac biét theo gia thiét), sd (do léch chuin), sig.level xdc suit sai
sot loai I, va power, ching ta con phai cu thé chi ra ring day 1a nghién ciru gém c6 hai
nhom véi thong s6 type="two.sample”.

Két qua trén cho biét chung ta can 190 bénh nhian cho mdi nhém (hay 380 bénh
nhan cho cong trinh nghién ctru). Trong trudng hop nay, power = 0.90 va a = 0.05 co
nghia la gi ? Tra loi: hai thong s6 d6 c6 nghia 1a néu chung ta tién hanh that nhiéu nghién
ctru (vi du 1000) va mdi nghién ctru v6i 380 bénh nhan, s& c6 90% (hay 900) nghién ciru
s& cho ra két qua trén véi tri s6 p < 0.05.
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13.4.3 U&c tinh c& mau cho phan tich phwong sai

Phuong phap udc tinh ¢& mau cho so sanh giira hai nhom ciing c¢6 thé khai trién
thém dé udc tinh ¢& mau cho truong hop so sanh hon hai nhém. Trong trudng hop cé
nhiéu nhoém, nhu d& cép trong Chuong 11, phuong phap so sanh 1a phan tich phuong sai.
Theo phuong phép nay, so trung binh b1nh phuong phan du (residual mean square, RMS)
chinh la wdc tinh cua d¢ dao dong cua do luong trong mdi nhom, va chi sd niy rat quan
trong trong viéc udc tinh cd mau.

Chi tiét vé 1i thuyet dang sau cach wéc tinh ¢& miu cho phan tich phuwong sai kha
phuc tap, va khong ndm trong pham vi cua chuong nay. Nhu’ng nguyén li chii yéu van
khong khac so véi li thuyét so sanh giita hai nhom. Goi s trung binh cta k nhém 13 p,

U2, M3, . . ., M chung ta co thé tinh tong binh phuong giita cac nhém bing
k k SS , .

SSSS=> (4 —a) , trong do, i= g, /k. Cho A=——""—— vin dé datra Ia tim
2. (s~ m) . wong do, =3 1 E) R

c¢b luong ¢& méau n sao cho zp dap tmg yéu cau power = 0.80 hay 0.9, ma

1
JE )T+ na) F+k(n—1)(1+202)

(\/k(n—l)[Z(k—l)(l-i-n/I)z ~(112n2)] —\/F(k—l)(1+n/l)(2k(n—1)—1)j

Zp

Trong d6 F 1a kiém dinh F. (Xem J. Fleiss, “The Design and Analysis of Clinical
Experiments”, John Wiley & Sons, New York 1986, trang 373).

Vi du 23. Dé so sanh do ngot ciia mot loai nude uéng gitta 4 nhom ddi tuong
khac nhau vé gidi tinh va do tudi (tam goi 4 nhom 1a A, B, C va D), cac nha nghién ctru
gia thiét rang d6 ngot trong nhom A, B. C va D lan lugc la4.5,3.0,5.6,va 1.3. Quaxem
xét nhiéu nghién ctru trude, cac nha nghién ctru con biét rang RMS vé do ngot trong moi
nhom 1a khoang 8.7. Van dé dit ra 1 bao nhiéu ddi twong can nghién ciru dé phat hién su
khac biét co y nghia thong ké & mirc do6 o = 0.05 va power = 0.9.

Ham power.anova.test trong R co thé ing dung de giai quyét van dé. Ching ta chi
can don gian cung cép 4 s trung binh theo gia thiét va s6 RMS nhur sau:

# truéc hét cho 4 sb trung binh vao mét vector
> groupmeans <- c (4.5, 3.0, 5.6, 1.3)

# sau dé, “goi” ham power.anova.test:

> power.anova.test (groups = length (groupmeans),
between.var=var (groupmeans),
within.var=8.7, power=0.90, sig.level=0.05)

Balanced one-way analysis of variance power calculation

groups = 4
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n = 12.81152

between.var = 3.486667
within.var = 8.7
sig.level = 0.05
power = 0.9

NOTE: n is number in each group

Két qua cho thdy cac nha nghién ctru can khoang 13 d6i twong cho mdi nhom (tie 52 dbi
tuong cho toan b nghién ctru).

13.4.4 Uéc tinh ¢c& mau dé woe tinh mot ti lé

Nhiéu nghién ctru m6 ta c6 muc dich kha don gian la wdc tinh mot ti 1€. Chang
han nhu giéi y té thudng hay tim hiéu ti 16 mot bénh trong cong dong, hay gidi tham do y
kién va thi truong thuong tim hiéu ti 16 dan sb ua thich mot san pham. Trong cac truong
hop nay, chiing ta khong cé nhiing do ludng mang tinh lién tuc, nhung két qua chi 1a
nhitng gia tri nhi nhu c6 / khong, thich / khong tich, v.v... Va cach udc tinh ¢& miu ciing
khéc véi ba vi duy trén day.

Niam 1991, mot cudc thim do y kién & Mi cho thay 45% ngudi duoc hoi sin sang
khuyén khich con ho nén hién mot qua than cho nhitng bénh nhan can thiét. Khoang tin
cdy 95% cua ti 18 nay 1a 42% dén 48%, tirc mot khoang cach dén 6%! Két qua nay
[twong d6i] thiéu chinh xac, du sé lugng ddi tuong tham gia 1én dén 1000 nguoi. Tai
sao? Dé tra 10i cau hoi nay, chung ta thir xem qua mot vai li thuyét vé udc tinh ¢& mau
cho mot ti 1€.

Chung ta biét qua Chuong 6 va 9 rang néu p duoc ude tinh tir n d6i tuwong, thi
khoang tin cdy 95% cua mot ti 1¢ p [trong dan s6] 1a: p+1.96xSE(p), trong d6

SE(p)=p(1-p)/n.

Bay gio thir 1at ngugc véan dé' ching ta mudn u6c tinh p 520 khoang rong
2x1.96x SE ( ) khong qua mot hang sb m. Noi cach khéc, ching ta mudn:

1.96><1/f7(1—f))/n <m

Chtng ta muén tim sd luong ddi tuong n dé dat yéu cau trén. Qua cach dién dat trén, dé
dang thay rang:

m

n>(1 96}2[3(1_}3)

Do do, s6 lugng ¢ mau tuy thudc vao do sai so6 m va ti 1€ p ma ching ta mudn udc tinh.
D0 sai s0 cang thap, so lugng ¢cé mau cang cao.
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Vi du 24: Chiing ta muén udc tinh ti 1& dan ong hat thuéc & Viét Nam, sao cho
wdc sb khong cao hon hay thip hon 2% so véi ti 16 that trong toan dan s6. Mot nghién
ctru trude cho thiy ti 18 hut thude trong dan ong ngudi Viét co thé 1én dén 70%. Cau hoi
dt ra 1a chung ta can nghién citu trén bao nhiéu dan ong dé dat yéu cau trén.

Trong vi du nay, ching ta c6 sai s6 m = 0.02, p =0.70, va s6 lugng c& mau can
thiét cho nghién ctru la:

2
n> ﬂ 0.7x0.3
0.02
Noi cach khac, chung ta can nghién ctru it nhét 1a 2017.

Néu chung ta mudn giam sai sb tir 2% xudng 1% (tc m = 0.01) thi s6 lugng d6i tuong s&
12 8067! Chi can thém d6 chinh xac 1%, sd lugng mau co6 thé thém hon 6000 nguoi. Do
d6, van d& udc tinh ¢& miu phai rit than trong, xem xét can bang giita do chinh xac thong
tin can thu thap va chi phi.

R khong ¢6 ham cho udc tinh c& mau cho mot ti 18, nhung v4i cong thirc trén, ban doc co
the viét mot ham dé tinh rat dé dang.

13.4.5 U&c tinh ¢ mau cho so sanh hai ti lé

Nhiéu nghién ctru mang tinh suy luan thudng c6 hai [hay nhiéu hon hai] nhém dé
so sanh. Trong phan 15.4.2 ching ta di lam quen v&i phuong phap wéc tinh ¢& mau dé
so sanh hai s6 trung binh bang kiém dinh t. D6 1a nhitng ngudi ciru ma tiéu chi 14 nhiing
bién s6 lién tuc. Nhung cé nghién ciru bién s khong lién tuc ma mang tinh nhi phan nhu
t6i vira ban trong phan 15.4.3. Dé so sanh hai ti 16, phuong phap kiém dinh théng dung
nhét 13 kiém dinh nhi phan (binomial test) hay Chi binh phuong (y” test). Trong phan
ndy, toi s& ban qua cach tinh ¢& mau cho hai loai kiém dinh thong ké nay.

Goi hai ti 1& [ma chung ta khong biét nhung muén tim hiéu] 1a p, va p,, va goi
A=p,—p,. Gia thiét ma chung ta mu6n kiém dinh 1a A = 0. Li thuyét dang sau dé wdc

tinh ¢& mau cho kiém dinh gia thiét nay kha ruom ra, nhung cé thé tom gon bang cong
thirc sau day:

2
(Za/z\/2]_?(1—}_?) +Zﬁ\/pl (1_p1)+p2 (l_pz))
AZ
Trong 46, p =(p,+p,)2, z,,, latri s0 z ctia phan phdi chuan cho xéc suét o/2 (ching
han nhu khi o = 0.05, thi z,,, = 1.96; khi o= 0.01, thiz,,, =2.57), va z, la tri 50 z clia

n=
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phan phdi chudn cho xé4c suét 4 (chang han nhu khi p = 0.10, thi z, = 1.28; khi § = 0.20,
thiz, =0.84).

Vi du 25: Mot thir nghiém lam sang do6i ching ngiu nhién duoc thiét ké dé danh
gia hiéu qua cua mot loai thudc chong gdy xuong song. Hai nhom bénh nhén s& dugc
tuyen Nhom 1 duoc diéu tri bang thuoc va nhoém 2 1a nhom ddi chimg (khong duoc
diéu tri). Cac nha nghién ctru gia thiét rang ti 1¢ gy xuong trong nhom 2 1a khoang 10%,
va thudc c6 thé 1am giam ti 16 nay xudng khoang 6%. Néu cac nha nghién ctru mudn thir
nghiém gia thiét nay voi sai sot I 1a o = 0.01 va power = 0.90, bao nhiéu bénh nhén cin
phai duoc tuyén mé cho nghién ciru?

O day, chung tac6 A=0.10—-0.06 =0.04,va p =(0.10+0.06)/2 =0.08. Véi a
=0.01, z,,, =2.57 va v6é1 power = 0.90, z5 =1.28. Do do, sb luong bénh nhan can thiét

cho moi nhom la:

2
(2.574/2x0.080.92 +1.281/0.1x0.90+ 0.06x 0.94)
n= 2 ~1361
(0.04)

Nhu vdy, cong trinh nghién ciru ndy can phai tuyén it nhat 1a 2722 bénh nhan dé kiém
dinh gia thiét trén.

Ham power.prop. test R c6 thé tmg dung dé tinh ¢& mau cho truong hop trén. Ham
power.prop.test can nhu‘ng thong tin nhu power, sig.level, pl, va p2.
Trong vi du trén, chung ta c6 thé viét:

> power.prop.test (pl=0.10, p2=0.06, power=0.90, sig.level=0.01)
Two-sample comparison of proportions power calculation

n = 1366.430

pl = 0.1
p2 = 0.06
sig.level = 0.01
power = 0.9

alternative two.sided

NOTE: n is number in *each* group

Chi ¥ két qué tir R c6 phan chinh xac hon (1366 doi tugng cho mdi nhém) vi R dung
nhiéu so 1€ cho tinh toan hon 1a tinh “thu cong”.

Trudce khi ro1 chuong nay, toi mubn nhan co hi nay dé nhdn manh mét lan nira,
wdc tinh ¢& mau cho nghién ctru 13 mot bude cuc ki quan trong trong viéce thiét ké mot
nghién ctru cho ¢6 ¥ nghia khoa hoc, vi no co thé quyét dinh thanh bai cia nghién clru.
Truge khi uge tinh ¢6 mau nha nghién ciru can phai blet trude (hay it ra 1a c6 vai gia thiét
cu thé) vé van dé minh quan tim. Uédc tinh ¢& mau can mot s6 thong sb nhu dé cap dén
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trong phan dau cta chuong, va néu cac thong sé nay khong co thi khong thé udc tinh
dugc. Trong truong hop mot nghién ctru hoan toan mdi, tirc chua ai tung lam trude do,
cod the cac thong so v€ dg anh huong va d6 dao dong do luong s& khong co, va nha nghién
ctru can phai t1en hanh mot s6 mé phong (simulation) hay mot nghién ctru so' khoi dé co
nhitng thong s can thiét. Cach u6c tinh ¢& mau bang md phong 1a mét linh vuc nghién
ctru khd chuyén sau, khong nam trong dé tai ctia sach nay, nhung ban doc c6 thé tim hiéu
thém phuong phap nay trong cac sach gido khoa vé thong ké hoc cap cao hon.

Trén ddy 1a vai hudng din nhanh dé ban doc c6 thé sir dung R cho phan tich sb
lidu va tao biéu db. Bai viét ndy thuc chat 1a tém luoc tir cudn Phdn tich sé liéu va tao
biéu do bang R: huong dan va thwc hanh, do Nha xuat ban Pai hoc Quéc gia Thanh phd
Ho6 Chi Minh 4n hanh vao nam 2006. Chi tiét vé 1i thuyét va mot sé phuwong phap khac
nhu phén tich sy kién, xdy dung mé hinh thong ké, mé phong, 1ap chuong, v.v... co thé
tim trong sach trén.
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14. Tai liéu tham khao

Hién nay, thu vién sach vé R con tuong ddi khiém tén so véi thu vién cho céc
phan mém thwong mai nhu SAS va SPSS. Tuy nhién, trong thoi dai tién bo phi thudng
vé thong tin internet va toan cdu hoa nhu hién nay, sach in va sach xuét ban trén website
khong con 1a nhitg khac nhau bao xa. Phan 16n chi din vé cach sir dung R c6 thé tim
thdy rai rac ddy do trén cac website tir cac truong dai hoc va website ca nhan trén khap
thé gidi. Trong phﬁn nay toi chi 1iét ké mot s6 sach ma ban doc, néu can tham khao
thém, nén tim doc. Trong qua trinh viét cudn sach ma ban doc dang cim trén tay, toi
cling tham khao mot sb sach va trang web ma t6i s& liét ké sau ddy véi vai 10i nhan xét ca
nhan.

Tai liéu tham khao chinh vé R 1a bai bao cia hai nguoi sang tao ra R: Thaka R,
Gentleman R. R: A language for data analysis and graphics. Journal of Computational
and Graphical Statistics 1996; 5:299-314.

e “Data Analysis and Graphics Using R — An Example Approach” (Nha xuét ban
Cambridge University Press, 2003) ctia John Maindonald nay da xuét in lai lan thir
2 voi thém mot tic gia méi John Braun. DAy 1a cudn sach rat ¢ ich cho nhiing ai
muén tim hiéu va hoc v& R. Nam chuong dau cua sach viét cho ban doc chua tung
biét vé R, cOn céac chuong sau thi viét cho cac ban doc da biét cach st dung R thanh
thao.

e “Introductory Statistics With R” (Nha Xudt “ban Springer, 2004) cua Peter
Dalgaard 1a m@t cqén sach loai can ban cho R nham vao })an doc chua biét gi vé R.
Séach tuong doi ngan (chi khoang 200 trang) nhung kha dat gia!

e “Linear Models with R” (Nha xuat ban Chapman & Hall/CRC, 2004) cta Julian
Faraway. Sach hién c6 thé tai tir internet xudng mién phi tai website sau day:
http://www.stat.lsa.umich.edu/~faraway/book/pra.pdf hay http://cran.r-
project.org/doc/contrib/Faraway-PRA.pdf. Tai liéu dai 213 trang.

e “R Graphics (Computer Science and Data Analysis)” (Nha xuit ban Chapman &
Hall/CRC, 2005) cta Paul Murrell. Py 13 cuén sach chuyén vé phén tich biéu d6
béng R. Sach co rat nhiéu ma dé ban doc c6 thé tuy minh thiét ké cac biéu d6 phuc
tap va ... mau me.

e “Modern Applied Statistics with S-Plus” (Nha xudt ban Springer, 4™ Edition,
2003) cua W. N. Venables va B. D. Ripley duoc viét cho ngon ngir S-Plus _nhung
tat ca cac lénh va mé trong sach nay déu co thé ap dung cho R ma khong can thay
d6i. (S-Plus la tlen than cua R, nhung S-Plus la mot phan mem thuong mai, con R
thi hoan toan mién phi!) Day la cudn sach co thé noi 13 cudn sach tham khao cho
tat ca ai muon phat trién thém vé R. Hai tc gia ciing 1a nhiing chuyén gia co thdm
quyen vé ngodn ngit R, Sach danh cho ban doc vdi trinh d6 cao vé may tinh va
thong ké hoc.
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Cac website quan trong hay cé ich vé R

e Rt nhiéu tai liéu tham khao c6 thé tai tir website chinh thirc cia R sau day:
http://cran.R-project.org/other-docs.html

Trong d6 c6 mdt s6 tai lidu quan trong nhu “An Introduction to R” cia W. N.
Venables va B. D. Ripley.
bia chi internet: http://cran.r-project.org/doc/manuals/R-intro.pdf.

e Vai tai liéu hudng dan cach sir dung R c6 thé tai (mién phi) va tham khao nhu sau:

“R for Beginners” (57 trang) cua Emmanuel Paradis. Tai li¢u dugc soan cho ban
doc méi lam quen véi R.
bia chi internet: http://cran.r-project.org/doc/contrib/Paradis-rdebuts _en.pdf.

“Using R for Data Analysis and Graphics: Introduction, Code and Commentary”
(35 trang) cua John Maindonald 1a mdt tom Iugc céc 1énh va ham can ban cia R
cho phén tich s6 lidu va biéu do. Chii dé cia tai liéu nay rat gin véi cudn sach ma
ban dang doc.

DPia chi internet: http://cran.r-project.org/doc/contrib/usingR.pdf

“Statistical Analysis with R — a quick start” (46 trang) ciia Oleg Nenadic va
Walter Zucchini. Web. Tai liéu hudng dan cach tng dung R cho phan tich thong
ké va biéu do.

Dia chi internet: http://www.statoek.wiso.uni-goettingen.de/mitarbeiter/ogi/pub/r_workshop.pdf

“A Brief Guide to R for Beginners in Econometrics” (31 trang) cua M. Arai. Tai
liéu chu yéu soan cho gidi phan tich thong ké kinh té.
bia chi internet: http://people.su.se/~ma/R_intro

“Notes on the use of R for psychology experiments and questionnaires” (39
trag) cia Jonathan Baron va Yuelin Li. Web. Tai li¢u dugc soan cho gidi nghién
ctru tam 1i hoc va x4 hdi hoc. Co vi du vé log-linear model va mot s6 mé hinh phan
tich phuong sai trong tam li hoc.

Dbia chi internet: http://www.psych.upenn.edu/~baron/rpsych/rpsych.html

e StatsRus gom mot suu tap vé cac meo dé sir dung R hiru hiéu hon (dai khoang 80
trang). Dia chi internet: http://lark.cc.ukans.edu/pauljohn/R/statsRus.html

e Vasau cung la mot tai liéu “Hwéng din sir dung R cho phan tich s liéu va biéu
d6” (khoang 50 trang — thudng xuyén cdp nhat hoa) do chinh toi viét bang tiéng
Viét. Website: www.R.ykhoa.net thuc chit 1a tom luge mot sd chuong chinh cua
cudn sach nay. Trang web ndy con cé tat ca cac dir liéu (datasets) va cac ma sir
trong trong sach dé ban doc co thé tai xudng may tinh c4 nhan dé sir dung.
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15. Thuat ngir dung trong sach

Tiéng Anh

95% confidence interval
Akaike Information criterion (AIC)
Analysis of covariance
Analysis of variance (ANOVA)
Bar chart

Binomial distribution

Box plot

Categorical variable

Clock chart

Coefficient of correlation
Coefficient of determination
Coefficient of heterogeneity
Combination

Continuous variable
Correlation

Covariance

Cross-over experiment
Cumulative probability distribution
Degree of freedom
Determinant

Discrete variable

Dot chart

Estimate

Estimator

Factorial analysis of variance
Fixed effects

Frequency

Function

Heterogeneity

Histogram

Homogeneity

Hypothesis test

Inverse matrix

Latin square experiment

Least squares method

Linear Logistic regression analysis
Linear regression analysis

Tiéng Viét

Khoang tin cay 95%
Tiéu chuan thong tin Akaike
Phan tich hiép bién
Phan tich phuong sai
Biéu d6 thanh

Phén phéi nhi phan
Biéu d6 hinh hop

Bién thir bac

Biéu d6 dong ho

Heé s6 twong quan

Hé s6 x4c dinh boi

Hé s6 bat dong nhat

T hop

Bién lién tuc

Tuong quan

Hop bién

Thi nghiém giao chéo
Ham phan phdi tich liy
Bac tu do

DPinh thirc

Bién roi rac

Biéu d6 diém

Udc sd

Ham uéc lugng thong ké

Phén tich phuong sai cho thi nghiém giai thura

Anh hudng bat bién

Tan s

Ham

Bit dong nhat

Biéu d6 tan sd

DPong nhat

Kiém dinh gia thiét

Ma tran nghich dao

Thi nghiém hinh vuong Latin
Phuong phap binh phuong nhé nhat
Phén tich hdi qui tuyén tinh logistic
Phan tich hdi qui tuyén tinh
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Matrix

Maximum likelihood method
Mean

Median

Meta-analysis

Missing value

Model

Multiple linear regression analysis
Normal distribution

Object

Parameter

Permutation

Pie chart

Poisson distribution
Polynomial regression
Probability

Probability density distribution
P-value

Quantile

Random effects

Random variable

Relative risk

Repeated measure experiment
Residual

Residual mean square
Residual sum of squares
Scalar matrix

Scatter plot

Significance

Simulation

Standard deviation

Standard error

Standardized normal distribution
Survival analysis

Traposed matrix

Variable

Variance

Weight

Weighted mean

Ma tran

Phuong phap hop li cuc dai
S trung binh

S6 trung vi

Phén tich tong hop

Gia tri khong

M6 hinh

Phan tich hdi qui tuyén tinh da bién
Phén phéi chuan

Dbi tuong

Thong sb

Hoan vi

Biéu d hinh tron

Phén phéi Poisson

Hbi qui da thirc

Xéc suat

Ham mat dd xac sudt

Tri s6 P

Ham dinh bac

Anh hudng ngiu nhién
Bién ngiu nhién

Ti s6 nguy co twong ddi
Thi nghiém tai do luong
Phan du

Trung binh binh phuong phan du
Tdng binh phuong phan du
Ma tran vo hudng

Biéu dd tan xa

C6 ¥ nghia thong ké

Mo phong

Do 1éch chuén

Sai s6 chuan

Phén phéi chuan chuan héa
Phan tich bién ¢

Ma tran chuyén Vi

Bién (bién s6)

Phuong sai

Trong s

Trung binh trong 6
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