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Phan tich so liéu bang biéu do

Yéu t6 thi giac rit quan trong. Nguoi Trung Qudc c6 cau “mot biéu do co gia tri
bang ca van chit viét”. Qua that, biéu db tdt co kha ning gdy an tuong cho ngudi doc bao
khoa hoc rét 16n, va thuong c6 gia tri dai dién cho ca cong trinh nghién ctu. Vi thé biéu
d6 1a mot phuong tién hitu hiéu nhit dé nhian manh thong diép ctia bai bio. Biéu do
thuong dugc str dung dé thé hién xu hudng va két qua cho timg nhém, nhung ciing c6 thé
ding dé trinh bay dit kién mot cach gon gang. Cac bicu d6 dé hiéu, noi dung phong phii
1a nhirg phuong tién vo gia. Do d6, nha nghién ctru can phai suy nghi mot cach sang tao
cach thé hién sd liéu quan trong bang biéu do. Vi thé, phan tich biéu d6 dong mot vai trd
cuc ki quan trong trong phan tich théng ké. Co thé noi, khong co d6 thi 1a phan tich
thdng ké khong c6 nghia.

Trong ngdn ngir R ¢6 rat nhidu cach dé thiét ké mot biéu dd gon va dep. Phan 16n
nhirng ham dé thiét ké biéu dd co sn trong R, nhung mot s loai biéu d6 tinh vi va phirc
tap khac c6 thé thiét ké bang cic package chuyén dung nhu lattice hay trellis co
thé tai tir website ciia R. Trong chwong nay toi s& chi cach v& cac biéu d6 thong dung
bang cach st dung cac ham phd bién trong R.

8.1 M6éi trweong va thiét ké biéu do
8.1.1 Nhiéu biéu d6 cho mét ctra s6 (windows)

Thong thudng, R v& mot biéu dd cho mot cira s6. Nhung ching ta ¢ thé v& nhiéu
biéu d6 trong mot clra sO bang cich sir dung ham par. Chang han nhu
par (mfrow=c (1,2))cd hi€u nang chia ctra s ra thanh 1 dong va hai cot, tic 1a
ching ta c6 thé trinh bay hai biéu dd ké canh bén nhau. Con par (mfrow=c (2, 3))
chia ctra s6 ra thanh 2 dong va 3 cdt, tirc chung ta c6 thé trinh bay 6 biéu dd trong mo ctra
s6. Sau khi dd v& xong, ching ta c6 thé quay vé voi “ché do” 1 cira s6 bang 1énh
par (mfrow=c(1l,1).

Vi du sau day tao ra mot dir liéu gdm hai bién x va y bang phuong phap mé phong
(tre 0 liéu hoan toan dugc tao ra bang R). Sau d6, chung ta chia ctra s6 thanh 2 dong va
2 cbt, va trinh bay bon loai bi€u do6 tur dit li¢u dugc mo phong:

par (mfrow=c(2,2))

N <- 200

x <- runif (N, -4, 4)

y <= sin(x) + 0.5*rnorm(N)

plot(x,y, main="Scatter plot of y and x”)
hist (x, main="Histogram of x”)

boxplot (y, main="Box plot of y”)
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> barplot (x, main="Bar chart of x”)
> par (mfrow=c(1l,1))

Scatter plot of y and x Histogram of x
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Biéu do 1. Cach chia ctra s6 thanh 2 dong va 2 cot
va trinh bay 4 biéu db trong cling mot cira sd.

8.1.2 bat tén cho truc tung va truc hoanh

Biéu d6 thuong co tryc tung (y-axis) va truc hoanh. Vi dir liéu thuong duoc goi
bang céac chir viét tat, cho nén biéu d6 can phai co tén cho timg bién dé de theo doi.
Trong vi du sau ddy, biéu dd bén trai khong c6 tén ma chi ding tén cta bién gdc (tirc x va
), con bén phai ¢ tén dé hiéu hon.

par (mfrow=c(1l,2))
N <- 200
x <- runif (N, -4, 4)
y <= sin(x) + 0.5*rnorm(N)
plot (x,y)
plot(x, vy, xlab="X factor”,
ylab="Production”
main="Production and x factor \n Second line of title here”)
par (mfrow=c(1l,1))

V V V V VYV

\4

Trong cac 1énh trén, x1ab (viét tat tir x label)va ylab (viét tit tir y label) dung dé dat
tén cho truc hoanh va truc tung. Con main dugc dung dé dat tén cho bi€u do. Chu y
rang trong main cé ki hiéu \n dung dé viét dong thir hai (néu tén goi biéu do qua dai).



Production and x factor
Second line of title here
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Ngoai ra, ching ta con c6 thé sir dung ham title va sub dé dat tén:

> plot(x, y, xlab="Time”,
ylab="Production”)
> title(main=“Plot of production and x factor”,
sub="Figure 1”)

Plot of production and x factor
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Figure 1



8.1.3 Cho gi&i han cua truc tung va truc hoanh

Néu khong cung cAp gidi han cla truc tung va truc hoanh, R s& tir dong tim diéu
chinh va cho cac s6 liéu nay. Tuy nhién, chung ta ciing c6 thé kiém soat biéu do bang
cach st dung x1imva ylim dé cho R biét cu thé gi61 han cua hai truc nay:

> plot(x, y, xlab="X factor”,
ylab="Production”,
main="Plot of production and x factor”,
xlim=c (-5, 5),
ylim=c (-3, 3))

8.1.4 Thé loai va dwong biéu dién

Trong mét day biéu do, ching ta c6 thé yéu cau R v€ nhiéu kiéu va duong biéu
dién khac nhau.

> par (mfrow=c(2,2))

> plot(y, type—"l"), title("lines")

> plot(y, type="b"); title("both")

> plot(y, type="o"); title("overstruck")

> plot(y, type="h"); title("high density")
lines both
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Biéu do6 3. Kiéu biéu d6 va duong bicu dien.

Ngoai ra, chiing ta ciing ¢ thé nhiéu duong biéu dién bang 1ty nhu sau:



> par (mfrow=c(2,2))

> plot(y, type="1", 1lty=1l); title(main="Production data", sub="lty=1")
> plot(y, type="1", 1lty=2); title(main="Production data", sub="lty=2")
> plot(y, type="1", 1lty=3); title(main="Production data", sub="1lty=3")
> plot(y, type="1", lty=4); title(main="Production data", sub="lty=4")
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Biéu do 4. Anh huong cua 1ty.

8.1.5 Mau sac, khung, va ki hiéu

Chung ta c6 thé kiém soat mau sic ctia mot biéu d6 bang 1énh col. Gid trj mic
dinh ctia col 1a 1. Tuy nhién, ching ta c6 thé thay doi cic mau theo ¥ mudn hioc bang
cach cho sb hoiac bf‘mg cach viét ra tén mau nhu “red”, “blue”, “green”,
“orange”, “yellow”, “cyan”,v.v...

Vi du sau day dung mot ham dé vé ba duong biéu dién vdi ba mau do, xanh nudce bién, va
xanh 14 cay:

> plot(runif (10), ylim=c(0,1), type='1l")
> for (1 in c('red', 'blue', 'green'))

{

lines (runif (10), col=1i )

}

> title(main="Lines in various colours")



Lines in various colours
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Ngoai ra, chung ta con c6 thé vé duong bi€u dién bang cach tang bé day cua moi duong:

> plot (runif (5),
> for (i in 5:1)
{
lines( runif (5), col=i, lwd=i )
}

> title(main="Varying the line thickness")

ylim=c(0,1), type='n")

Varying the line thickness
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Hinh dang cua biéu d6 ciing c6 thé thay d6i bang type nhu sau:
> op <- par (mfrow=c(3,2))



> plot (runi
main
> plot (runi

£(5), type = 'p',
= "plot type 'p' (points)")
£(5), type = '1",

main = "plot type 'l' (lines)")
> plot(runif(5), type = 'b',

main = "plot type 'b' (both points and lines)")
> plot(runif (5), type = 's',

mal = "plot type 's' (stair steps)")
> plot(runif(5), type = 'h',

main = "plot type 'h' (histogram)")

(5

> plot(runif(5), type = 'n',
main "plot type 'n' (no plot)™)
> par (op)
plot type 'p' (points) plot type 'I' (lines)
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Index Index
plot type 'b’ (both points and lines) plot type 's' (stair steps)
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Khung biéu db c¢6 thé kiém soat bang 1énh bty véi cac théng sb nhu sau:

bty="n" Khéng c6 vong khung chung quanh biéu d6

bty="0" C6 4 khung chung quanh biéu d6

bty="c” V& mot hop gom 3 canh chung quanh biéu d6 theo hinh chit C
bty="1" V& hdp 2 canh chung quanh biéu do theo hinh chit L

bty="7" V& hop 2 canh chung quanh biéu dd theo hinh s6 7

Cach hay nhat dé ban doc lam quen véi cac cach v& biéu do nay 1a bang cach thir trén R
de biét ro hon.

Ki hiéu ctia mot biéu do ciing ¢ thé thay thé bang cach cung cip sé cho pch (plotting
character) trong R. Cac ki hiéu thong dung la:



Available symbols

&

23

= X

+

1 2 4 5
> plot(x, y, col="red”, pch=16, bty="1")
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Biéu do 4.
bty="1".

Anh huéng ciia pch=16

va col="red”




8.1.6 Ghi chu (legend)

Ham legend rét ¢6 ich cho viéc ghi chii mot biéu do va gitip nguoi doc hiéu
duoc y nghia cta biéu do tot hon. Cach str dung 1egend c6 thé minh joa bang vi du sau
day:

N <- 200

X <— runif (N, -4, 4)

y <- x + 0.5*rnorm(N)

plot(x,y, pch=16, main="Scatter plot of y and x”)

reg <- Ilm(y~x)

abline (reqg)

legend (2,-2, c("Production","Regression line"), pch=16, lty=c(0,1))
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Théng s6 legend (2, -2) co nghia la dit phan ghi cha vao tryc hoanh (x-axis) bang 2
va truc tung (y-axis) bang -2.

Scatter plot of y and x

. *  Production
. —*— Regression line
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Biéu d6 5. Anh hudng ctia legend

8.1.7 Viét chir trong biéu do

Phan 10n cac biéu do khong cung cdp phuong tién dé viét chir hay ghi chu trong
bi€u d0, hay co6 cung cap nhung rat han ché. Trong R c¢6 han mtext () cho phép
chung ta dat chit viét hay giai thich bén canh hay trong biéu do.



Bit dau tir phia dudi cua biéu do (side=1), ching ta chuyén theo hudng kim
déng hd dén canh sb 4. Lénh plot trong vi du sau day khong in tén cua truc va tén cua
biéu do, nhung chi cung cip mot cai khung. Trong vi du nay, ching ta sir dung cex
(character expansion) dé kiém soat kich thudc cia chit viét. Theo mic dinh thi cex=1,
nhung véi cex=2, chir viét s& c6 kich thudc gép hai 14n kich thuéc mic dinh. Lénh
text () cho phép ching ta dat chir viét vao mot vi tri cu thé. Lénh thir nhat dat chix
viét trong ngodc kép va trung tim tai x=15, y=4.3. Qua sir dung adj, chung ta con
c6 thé sap xép vé phia trai (adj=0) sao cho toa d6 1a diém xudt phat cta chir viét.

plot(y, xlab=" ", ylab=" ", type="n")

mtext ("Text on side 1, cex=1", side=1,cex=1)

mtext ("Text on side 2, cex=1.2", side=2,cex=1.2)
mtext ("Text on side 3, cex=1.5", side=3,cex=1.5)
mtext ("Text on side 4, cex=2", side=4,cex=2)

text (15, 4.3, "text (15, 4.3)")

text (35, 3.5, adj=0, "text (35, 3.5), left aligned")
text (40, 5, adj=1l, "text (40, 5), right aligned")

VVVVVYVYVYV

Text on side 3, cex=1.5

0, 5), right aligned

text(15, 4.3)

text(35, 3.5), left aligned
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8.1.8 Dat ki hiéu vao biéu d6. abline () c6 thé sir dung dé vé mot duong thing,
v6i nhiing thong s6 nhu sau:

abline (a,b) : dudng hdi qui tuyén tinh a=intercept va b=slope.
abline (h=30) v& m{t duong ngang tai y=30.
v=12)

abline ( v& mot dudng thang dimg tai diém x=12.

Ngoai ra, chung ta con c6 thé cho vao biéu d6 mot miii tén dé ghi chi mot dieém so liéu
nao do.

> N <- 200



> x <- runif (N, -4, 4)
>y <- x + 0.5*rnorm(N)
> plot(x,y, pch=16, main="Scatter plot of y and x”)

Scatter plot of y and x
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Gia sir chung ta mudn ghi cht ngay tai x=0 va y=0 1a diém trung tdm, chung ta truéc hét
dung arrows dé v& miii tén. Trong 1é€nh sau day, arrows (-1, 1, 1.5, 1.5) co
nghia nhu sau toa d6 x=-1, y=1 bat dau vé& mii tén va cham dut tai toa d6 x=1.5, y=1.5.
Phan text (0, 1) yéu cau R viét chit tai toa do x=0, y=1.

> arrows (-1,
> text (0, 1,

1.0,

1.5,

1.5)

"Trung tam", cex=0.7)



Scatter plot of y and x
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8.2 S6 liéu cho phan tich biéu d6

Sau khi di biét qua méi truong va nhitng lya chon dé thiét ké mot biéu do, bay
gid chiing ta c6 thé sir dung mot sé 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 dd
vé mdi lién hé gitra hai hay nhiéu bién s6. T4t nhién, bién sb c6 thé 1a lién tuc hay khong
lién tyc, cho nén, trong thyc té, chung ta c6 4 loai biéu dd. Trong phén sau day, toi s€
diém qua céc loai biéu dd, tir don gian dén phc tap.

C6 18 cach tot nhat dé tim hiéu cach v& do thi bang R 1a bang mot dir licu thyc té.
T6i s& quay lai vi du 2 trong chuong trudc. Trong vi du d6, chung ta c6 dir lidu gém 8
cot (hay bién sé): id, sex, age, bmi, hdl, 1dl, tc, va tg. (Chuy, id
1a ma sb cua 50 dbi twong nghién ctru; sex 1a gidi tinh (nam hay nir); age 1a do tudi;
bmi 1a ti s6 trong lwong; hdl 1a high density cholesterol; 1d1 1a low density
cholesterol; tc 1a tong sb - total — cholesterol; va tg triglycerides). Dir lidu dugc chira
trong directory directory c: \works\insulin duditén chol.txt. Trudc khi vé do
thi, chung ta bat dau bang cach nhap dit liéu 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& nhap cac dir liéu do br:ing 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, ¢4, 49, 44, 45, 80, 48,
61, 45, 70, 51, €3, 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 <- c(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)
1dl <- c(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, 3.0, 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, 1.1, 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)

14 l4 14

~
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~
~

cong <- data.frame (sex, age, bmi, hdl, 1dl, tc, tg)

Sau khi da c6 s0 li¢u, chiing ta san sang tién hanh phan tich so li¢u bang bi¢u do nhu sau:

by

8.3 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 mdt bién khong lién
tuc. Chung ta mudn biét tan so cua gidi tinh (bao nhiéu nam va bao nhiu nir) va vé mat
biéu d6 don gian. Dé thuc hién ¥ dinh nay, trudc hét, chung ta can dung ham table dé
biét tan so:

> sex.freq <- table (sex)
> sex.freqg
sex
Nam Nu
22 28



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

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

Biéu trén ciing co6 thé c6 duoc 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

20
I
Nu

15

10
1

Nam

Biéu do 8a. Tan so gidi tinh thé hién bang | Biéu do 8b. Tan so gidi tinh thé hién bang
cOt s0. dong so.

Thay vi thé hién tan s6 nam va nit bang 2 cot, chiing ta c6 thé thé hién bang hai dong
bang thong s6 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”)

)Y

8.4 Biéu do cho hai bién sé r&i rac (discrete variable):
barplot

Age 1a mot bién s6 lién tuc. Ching ta c6 thé chia bénh nhan thanh nhiéu nhom
dua vao do tuéi. Ham cut c6 chirc nang “cat” mot bién lién tuc thanh nhiéu nhém 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 nhém nay 1a: 42 tudi dén 54.7
tudi thanh nhom 1, 54.7 dén 67.3 thanh nhom 2, va 67.3 dén 80 tudi thanh nhém 3.
Nhom 1 ¢6 19 bénh nhan, nhém 2 va 3 ¢6 24 va 7 bénh nhan.

Bay gio chung ta mudn biét co bao nhiéu bénh nhan trong timg do tudi va timg 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 thiy ching ta c6 10 bénh nhan nam va 9 nit trong nhoém tudi thir nhit,
10 nam va 14 nita trong nhém tuoi thir hai, v.v... D€ thé hién tan s6 cua hai bién nay,
chung ta van dung barplot:

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

Number of males and females in each age group

15
1

10
6
1

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

Age group

Biéu do 7a. Tan so gidi tinh va nhom tuéi | Biéu do 7b. Tan so6 gidi tinh va nhom tudi

thé hién bang cot so. thé hién bang hai dong sb.

Trong Biéu do 7a, moi cdt 1a cho mot dg tuoi, va phan dam cua cot 1a nir, va phan mau
nhat 1a tan s6 cua nam gidi. Thay vi thé hién tan s6 nam nir trong mot cot, ching ta cling
c6 thé thé hién bang 2 cdt véi beside=T nhu sau (Bi€éu do 7b):

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

8.5 Biéu do6 hinh tron




Tan s6 mot bién roi rac cling c¢6 thé thé hi¢n bang biéu do hinh tron. Vi du sau day vé
biéu do6 tan so cua do tudi. Bicu do 8a la 3 nhom dd tudi, va Biéu do 8b 1a bi€u do tan so
cho 5 nhém tudi:

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

(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]

Bicéu do 8a. Tan so6 cho 3 nhom tudi Biéu do 8b. Tan so cho 5 nhoém tudi

[N

8.6 Biéu do cho mét bién sé lién tuc: stripchart va hist

8.6.1 Stripchart

Biéu do strip cho chung ta thay tinh lién tuc ctia mot bién s6. Chang han nhu
ching ta muon tim hi€u tinh lién tuc cua triglyceride (tg), ham stripchart () s€ giup
trong muc ti€u nay:

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




Strip chart for triglycerides
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mg/L

Chung ta thdy bién s6 tg co sy bt lién tuc, nhit 14 cac dbi twong co tg cao. Trong khi
phan 16n doi tugng c6 dd tg thap hon 5, thi ¢6 2 doi tugng véi tg rat cao (>5).

8.6.2 Histogram

Age 13 mot bién sd lién tuc. Dé v& biéu dd tan sb cua bién sb6 age, chung ta chi
don gian Iénh hist (age). Nhu da dé cap trén, ching ta c6 thé cai tién do thi nay bang
cach cho thém tya dé chinh (main) va tga d¢ cua truc hoanh (xlab) va tryc tung
(ylab):

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



Histogram of age
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Biéu do 9a. Truc tung 1a sO bénh nhan (dbi
tugng nghién ctru) va truc hoanh la do tudi.
Chang han nhu tudi 40 d&én 45 c6 6 bénh nhan,
tir 70 dén 80 tudi c6 4 bénh nhan.

Biéu do6 9b. Thém tén biéu dd va tén cia truc
trung va truc hoanh bang x1ab va ylab.

Chung ta ciing c6 thé bién d6i biéu do thanh mot do thi phan phdi xac suat bang ham
plot (density) nhu sau (két qua trong Biéu do 10a):

> plot (density (age), add=TRUE)

density.default(x = age)

Density
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Biéu do 10a. Xac suat phan phdi mat do cho
bien age (d tudi).

Biéu do 10b. Xac suat phan phdi mat do cho
bién age (d tuoi) voi nhiu interquartile.




Chung ta co thé‘ v& hai dd thi chong 1én bang cach ding ham interquartile nhu sau (két
qua xem Biéu do 10b):

> iqr <- diff (summary (age) [c(2,5)1)

> des <- density(age, width=0.5*iqgr)

> hist (age, xlim=range (des$x), probability=TRUE)
> lines(des, 1lty=2)

Trong do thi trén, chung ta dung khoang cach 0.5*igr (twong doi “gan” nhau). Nhung
ching ta c6 thé bién doi thong s6 nay thanh 1. 5*igr dé 1am cho phéan phdi thyuc té hon:
> igr <- diff (summary(age) [c(2,5)])

> des <- density(age, width=1.5*iqgr)

> hist (age, xlim=range (des$x), probability=TRUE)

> lines (des, 1lty=2)

Histogram of age

Density
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Chung ta c6 thé bién doi biéu d6 thanh mot do thi phan phdi xac suit tich liy (cumulative
distribution) bang ham plot va sort nhu sau:

> n <- length (age)
> plot(sort(age), (l:n)/n, type="s", ylim=c(0,1))

Két qua dugc trinh bay trong phan trai cua biéu dd sau day (Biéu do 11).
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Biéu do 11. Xac suat phan ph6i mat do cho
bién age (do tudi).

Biéu do 12. Kiém tra bién age co theo luét
phan phoi chuan hay khong.

Trong dd thj trén, truc tung 1a xac suét tich Ity va truc hoanh la do tudi tur thép dén cao.
Chéang han nhu nhin qua biéu do, chiing ta c6 thé thay khoang 50% doi tuong c6 tudi thap

hon 60.

Pé biét xem phan phdi ciia age c6 theo luat phan phdi chuan (normal distribution) hay

khong chiing ta co thé sir dung ham ggnorm.

> ggnorm (age)

Truc hoanh cia biéu dd trén 13 dinh luong theo ludt phan phdi chuan (theoretical
quantile) va truc hoanh dinh lugng cua sb lidu (sample quantiles). Néu phan phdi cua
age theo lut phan phdi chuan, thi dudng biéu dién phéi theo mot dudng thang chéo 45
do (tuc 1a dinh lugng phan phdi va dinh luong sO lidu bang nhau) Nhu:ng qua Biéu dd
12, chiing ta thdy phan phdi clia age khong han theo luat phan phdi chuan.

8.6.3 Biéu dd hop (boxplot)

Dé ve& biéu do hop cua bién so tc, chung ta chi don gian I¢nh:

> boxplot (tc,

main="Box plot of total cholesterol",

ylab="mg/L")




Box plot of total cholesterol

Biéu do 13. Trong biéu d6 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 thip nhat
1a khoang 3, va cao nhét 13 trén 8 mg/L.

Trong bi¢u do sau day, chung ta so sanh tc gilta 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 do 14a. Chung ta co6 thé bién d6 giao dién ciia dd thi bang
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
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Biéu do 14a. Trong biéu do nay, ching ta | Biéu do 14b. Total cholesterol cho timg
thdy trung vi clia total cholesterol ¢ nit gidi | gidi tinh, voi mau sic va hinh hop nim
thip hon nam gi6i, nhung d6 dao dong giita | ngang.

hai nhém khong khéc nhau bao nhiéu.

8.6.4 Biéu do thanh (bar chart)
Dé v& biéu dd thanh cua bién s6 bmi, chiing ta chi don gian 1énh:

> barplot (bmi, col="blue”)
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Biéu d0 15. Biéu dd thanh cho bién bomi.




8.6.5 Biéu do diém (dotchart)
Mot db thi khac cung cip thong tin gidng nhu barplot 1a dotchart:

> dotchart (bmi, xlab="Body mass index (kg/m"2)", main="Distribution of
BMI")

Distribution of BMI
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Biéu do 16. Bicu do diém bién bmi.

8.7 Phan tich biéu doé cho hai bién lién tuc

8.7.1 Biéu do tan xa (scatter plot)

Pé tim hiéu mbi lién hé giita hai bién, ching ta dung biéu dd tan xa. Dé v& biéu db tan xa
v€ moi lién hé gitra bién s6 tc va hdl, ching ta sir dung ham plot. Thong s6 thir nhat
cua ham plot 1a tryuc hoanh (x-axis) va thong so6 thtr 2 1a truc tung. DE tim hi€éu moi lién

hé gilta tc va hdl ching ta don gidn Iénh:

> plot(tc, hdl)



hdl
o

o oo

Biéu d0 17. MJdi lién hé giita tc va hdl. Trong biéu do
nay, ching ta v€ bién s0 hdl trén truc tung va tc trén
truc hoanh.

Chung ta mudn phﬁn biét gidi tinh (nam va nit) trong biéu df”) trén. Dé v& biéu do do,
chung ta phai dung dén ham ifelse. Trong 1énh sau day, néu sex=="Nam” thi vé& ki
tir s6 16 (6 tron), néu khong nam thi v& ki tu s6 22 (tlrc 6 vudng):

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

Két qua la Bié}l dd 18a. Chiing ta ciing co thé thay ki tu thanh “M” (nam) va “F”
nit(xem Bi€u do 18b):

> plot(hdl, tc, pch=ifelse(sex=="Nam", “M”, “F”))
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Biéu do 18a. MJi lién hé giira tc va hdl theo | Biéu do 18a. Mobi lién hé giita tc va hdl theo
tirng gi61 tinh duogc thé hi¢n bang hai ki hi¢u | ting gidi tinh dugc thé hién bang hai ki tu.
dau.

Chung ta ciling c6 thé vé 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 19a dudi ddy. Chung ta ciing c6 thé dung ham tron (smooth function)
dé bi€u dién moi lién hé gitra hai bién s6. PO thi sau day st dung lowess (mdt ham
thong thuong nhat) trong viéc “lam tron” so liéu tc va hdl (Biéu do 19b).
> 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")




Total cholesterol and HDL cholesterol

HDL cholesterol

Total cholesterol

Total cholesterol and HDL cholesterol with LOEWSS smooth function
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Biéu do6 19a. Trong I¢nh trén, reg<-
1m (hdl~tc) co6 nghia la tim phuong trinh
lién hé gitta hdl va tc bang linear model
(1m) va dSat két qua vao ddi tugng reg.
Lénh thr hai abline (reg) yéu cau R v&
duong thang tir phuong trinh trong reg

Biéu do 19b. Thay vi dung abline, ching ta
dung ham lowess dé thé hién moi lién hé gitra
tcvahdl.

Ban doc c6 thé thi nghi¢m voi nhiéu thong sb £=1/2, £=2/5, hay tham chi £=1/10

s& thay do thi bién d6i mot cach “thd vi”.

8.8 Phan tich Biéu dé cho nhiéu bién: pairs

Chung ta c6 thé tim hiéu mdi lién h¢ gitra céac bién sb nhu age, bmi, hdl, 1dlva
tc bang cach dung 1énh pairs. Nhung trude hét, chung ta phai dua cac bién sO nay
vao mot data.frame chi gdm nhiing bién s6 c6 thé v€ dugc, va sau do6 st dung ham

pairs trong R.

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

> pairs(lipid, pch=16)

Két qua sé la:
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Biéu do trén day c6 thé cai tién bang ham matrix.cor (do mét tic gia trén mang soan)
sau day dé cho ra nhi¢u thong tin thu vi.

matrix.cor <- function(x, y, digits=2, prefix="", cex.cor)
{

usr <- par ("usr"); on.exit (par (usr))

par (usr = c(0, 1, 0, 1))

r <- abs(cor(x, vy))

txt <- format(c(r, 0.123456789), digits=digits) [1]

txt <- paste(prefix, txt, sep="")

if (missing(cex.cor)) cex <- 0.8/strwidth (txt)

test <- cor.test(x,vVy)

# borrowed from printCoefmat

Signif <- symnum(test$p.value, corr = FALSE, na = FALSE,
cutpoints = c¢(0, 0.001, 0.01, 0.05, 0.1, 1),
symbols — C("***", n**n, n*n, n_n, " n))

text (0.5, 0.5, txt, cex = cex * r)
text (.8, .8, Signif, cex=cex, col=2)
}
Chung ta quay lai véi dit liéu 1ipid bang cach goi hAam matrix.cor nhu sau:

pairs(lipid, lower.panel=panel.smooth, upper.panel=matrix.cor)
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Db thi nay cung cap cho chung ta tat ca hé sé twong quan giita tit ca cac bién sb. Chang
han nhu, h¢ s6 twong quan giita age va bmi qua thip va khong ¢ y nghia thong keé;
gitta age vahdl hay giitra age va hdl ciing khong cé y nghia théng ké; nhung giira
age va tc thi bang 0.22. Hé s twong quan cao nhat 1a giita 1d1 va tc (0.65) va hdl
va tc (0.62). Giit hdl va 1d1, hé sb tuong quan chi 0.35, nhung c6 y nghia théng ké
(c6 sao!)

Chu y biéu do trén chang nhimg cung cip hai thong tin chinh (hé sé tuwong quan hay
correlation coefficient, va v& biéu dd tan xa cho timg cdp bién so) ma con cho biét hé s6

tuong quan nao c6 y nghia thong ké (nhing ki hi€u sao). HE so twong quan cang cao,
kich thudc cua font chit cang 16n. Mot biéu d6 rat 4n tuong!

8.9 Mot s6 biéu do “da nang”

8.9.1 Biéu do tan xa va hinh hop



Nhu trén di trinh bay, biéu d0 tan xa gitip cho chiing ta hinh dung ra méi lién hé giira
hai bién sé lién tuc nhu d6 tudi age va hdl chang han. Va dé lam viéc nay, chung ta
ding ham plot. Dé tim hiéu phan phdi cho timg bién age hay hdl ching ta c6 thé
ding ham boxplot. Nhung néu ching ta mudn xem phén phdi cua hai bién va dong
thoi méi lién hé gitta hai bién, thi chung ta can phai viét mot vai 1énh dé thuc hién viéc
nay. Cac lénh sau day vé biéu do tan xa vé méi lién quan giita age va hdl, dong thoi vé
biéu d6 hinh hop cho timg bién.

op <- par()
layout ( matrix( c(2,1,0,3), 2, 2, byrow=T ),
c(l,6), c(4,1),
)

par (mar=c(1,1,5,2))
plot (hdl ~ age,

xlab="'"', ylab='"',

las = 1,

pch=16)
rug (side=1, jitter(age, 5) )
rug (side=2, jitter (hdl, 20) )
title(main = "Age and HDL")

par (mar=c(1,2,5,1))

boxplot (hdl, axes=F)
title(ylab="'HDL', line=0)

par (mar=c(5,1,1,2))

boxplot (age, horizontal=T, axes=F)
title(xlab="Age', line=1l)

par (op)

Va két qua la:
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8.9.2 Biéu do tan xa v&i kich thwéc bién thir ba

Biéu do trén thé hién mdi lién h¢ gitta age va hdl, vdi mdi diém cham c6 kich
thude nhau nhau. Nhung chung ta biét rang hdl ciing c6 lién hé véi triglyceride (tg). Dé
thé hién mot phan nao mdi lién hé 3 chiéu nay, mot cach lam 1a v& kich thudc ciia diém
tiy theo gia tri ciia tg. Chung ta s& sir dung thong s6 cex da ban trong phan dau dé vé
moi lién hé ba chiéu nay nhu sau:

> plot (age, hdl, cex=tg,
pch=16,
col="red”,
xlab="Age", ylab="HDL",
main="Bubble plot")

> points(age, hdl, cex=tqg)
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8.9.3 Biéu do thanh va xac suét tich liy

Dé vé& biéu do tan sd cuia mot bién lién tuc ching ta cha yéu sir dung ham hist.
Ham nay cho ra két qua tan s6 cho timg nhom (nhu nhom d6 tudi chang han). Nhung doi
khi chung ta can biét ca xac suét tich lily cho ting nhom, va mudn v& ca hai két qua trong
mot biéu d6. Dé lam viéc ndy chung ta cn phai viét mot ham bang ngon ngir R. Ham
sau day duoc goi 1a pareto (tit nhién ban doc ¢ thé cho mot tén khac) dugc soan ra dé
thuc hién muc tiéu trén. Ma cho ham pareto nhu sau:

pareto <- function (x, main = "", ylab = "Value")
{
op <- par(mar = c(5, 4, 4, 5) + 0.1,
las = 2)
if( ! inherits(x, "table") ) {
x <- table (x)
}

x <- rev(sort(x))

plot( x, type = 'h', axes = F, lwd = 16,
xlab = "", ylab = ylab, main = main )
axis (2)
points( x, type = 'h', lwd = 12,
col = heat.colors(length(x)) )

y <- cumsum (x) /sum (x)

par (new = T)

plot(y, type = "b", lwd = 3, pch = 7,
axes = FALSE,

xlab="'"', ylab='"', main='")
points(y, type = 'h'")
axis (4)
par (las=0)

mtext ("Cumulated frequency", side=4, line=3)



print (names (x) )
axis(l, at=l:length(x), labels=names(x))
par (op)

}

Bay gio chiing ta s& ap dung ham pareto vao viéc v& tan sb cho bién tg (triglyceride) nhu
sau. Trudc hét, chung ta chia tg thanh 10 nhém bang cach dung ham cut va cho két qua
vao doi tugng tg.group.

> tg.group <- cut(tg, 10)
Ké dén, ching ta tng dung ham pareto:

> pareto (tg.group)
[1] "(0.695,1.25]" "(2.35,2.9]1" "(1.25,1.8]1" "(2.9,3.45]1" "(1.8,2.35]1"
[6] "(3.45,4]1" "(5.65,6.21]1" "(5.1,5.65]" "(4.55,5.11" "(4,4.55]"
> title (main="Pareto plot of Tg with cumulated frequencies")

Pareto plot of Tg with cumulated frequencies
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Trong biéu d6 nay, chiing ta co hai truc tung. Truc tung phia trai 1 tan s6 (s6 bénh nhan)
cho tirng nhom tg, va truc tung bén phai la tan so tich liiy tich bang xac suat (do do, so6
cao nhatla 1).

8.9.4 Biéu do hinh dong hé (clock plot)

‘ Biéq dd hinh dong ho, nhu tén goi la biéu dd dung dé vé mot bjén ) lién tuc b;fmg
kim dong ho. Tuc 1a thay vi thé hién bang cdt hay bang dong, biéu do nay thé hién bang
dong h6. Ham sau day (c1lock) dugce soan dé thuc hi¢n biéu d6 hinh dong ho:

clock.plot <- function (x, col = rainbow(n), ...) {



1f( min(x)<0 ) x <- x - min(x)

if( max(x)>1 ) x <- x/max(x)
n <- length (x)
if(is.null (names(x))) names (x) <- 0:(n-1)
m <- 1.05
plot (0,
type = 'n', # do not plot anything
xlim = ¢(-m,m), ylim = c(-m,m),
axes = F, xlab ="', ylab ="', ...)

a <- pi/2 - 2*pi/200*0:200
polygon( cos(a), sin(a) )

v <- .02
a <- pi/2 - 2*pi/n*0:n
+v) *sin(a),

segments ( (1+v)*cos(a), (
(1-v) *cos(a), (
segments ( cos(a), sin(a),
0, O,
col = 'light grey', 1lty = 3)
ca <- -2*pi/n*(0:50)/50
for (i in 1:n) {
a <- pi/2 - 2*pi/n*(i-1)
b <- pi/2 - 2*pi/n*i
polygon( c(0, x[i]*cos(atca), 0),
c(0, x[i]*sin(a+ca), 0),
col=col[i] )

1
1-v)*sin(a) )

v <- .1
text ((1+v) *cos(a), (l+v)*sin(a), names(x)[1])

Chung ta s& ing dung ham clock dé v& biéu do cho bién 1d1 nhu sau:

> clock.plot (1d1,
main = "Distribution of LDL")

Va két qua la:
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8.9.5 Biéu do v&i sai s6 chuan (standard error)

Trong biéu d6 sau ddy, chung ta c6 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).
Théng thuong lcl=mean-1.96*SE va ucl = mean+1.96*SE (SE 1a sai sb
chuan). Chiing ta mubn vé& biéu d6 cho 5 nhém véi sai s6 chuan d6. Céc 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 <- c¢(1.3, 2.4, 3.5, 4.1, 5.3)

V V V V VYV

plot (group, mean, ylim=range(c(lcl, ucl)))
arrows (group, ucl, group, lcl, length=0.5,

angle=90, code=3)



mean

group

Sau ddy 1a mot md phong khac. Ching ta tao ra 10 gia tri x va y theo luat phan phdi
chuan, va 10 gia tri sai so theo ludt phan phodi déu (se . x va se. y uniform distribution).

x <-= rnorm(10)

y <- rnorm(10)

se.x <— runif (10)

se.y <- runif (10)

plot (x, ypch=22)

arrows (x, y-se.y, X, ytse.y, code=3, angle=90, length=0.1)

VvV V VYV VYV
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8.9.6 Biéu do vong (contour plot)

R ¢6 thé v& cac do thi vong voi nhidu hinh dang khac nhau, tiy theo y thich va dir liéu.
Trong cac 1énh sau day, chiing ta stt dung ki thuat mo phong d¢ vé do thi vong cho ba
bién sO X,y va z.

> N <= 50

> x <- seqg(-1, 1, length=N)

>y <- seq(-1, 1, length=N)

> xx <- matrix(x, nr=N, nc=N)

> yy <- matrix(y, nr=N, nc=N, byrow=TRUE)

>z <=1/ (1 + xx"*2 + (yy + .2 * sin(10*yy))"2)
> contour(x, y, z, main = "Contour plot")
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Db thi ndy c6 thé chuyén thanh mot hinh (image) bang ham image.

> image (z)

0.0 02 04 0.6 08 1.0

Mot vai thay d6i nhé nhung quan trong:

> image (x, Vv, 2z,
xlab="x",
ylabzllyll )



> contour (x, vy, z, lwd=3, add=TRUE)

Sau ddy la mot vai thay d6i dé vé biéu do theo ham s6 sin va 3 chiéu. D0 thi nay tuy xem
“hap dan”, nhung trong thuc té co6 1€ it sir dung. Tuy nhién, t6i trinh bay ¢ day dé cho
thay mot vi du v€ tinh da dung cua R.

x <- seq(-10, 10, length= 30)

y <- X

f <- function(x,y) { r <- sgrt(x"2+y”2); 10 * sin(r)/r }
z <- outer(x, vy, f)

> z[is.na(z)] <- 1

> op <- par(bg = "white", mar=c(0,2,3,0)+.1)
> persp(x, VvV, z,

theta = 30, phi = 30,

expand = 0.5,

col = "lightblue",

ltheta = 120,

shade = 0.75,

ticktype = "detailed",
xlab = "X", ylab = "Y", zlab = "Sinc(x)",
main = "The sinc function"

)
> par (op)



The sinc function

8.9.10 Biéu dd v&i ki hiéu toan

Doi khi ching ta can vé& biéu dd véi tua dé c6 ki hiéu toan hoc. Trong dd thi sau day,
chiing ta tao ra mot bién s6 x v&i 200 gia tri tir -5 dén 5, va y =~/1+x” . DEé viét cong
thire trén, chung ta can sir dung ham expression nhu sau:

x <- seqg(-5,5,length=200)

y <- sgrt(l+x"2)

plot(y~x, type='l', ylab=expression (sqrt (1+x"2)))
title (main=expression ("Graph of the function
"(x)==sqrt (1l+x"2)))

Hh VvV VvV VYV



Graph of the function f(x) =V 1 +x2

Ngay ca tiéng Nhat ciing c6 thé thé hién bang R:

> plot(1:9, type="n", axes=FALSE, frame=TRUE, ylab="",

—_n

main= "example (Japanese)", xlab= "using Hershey fonts")

> par (cex=3)

> VEf <- c("serif", "plain")

> text (4, 2, "\\#J2438\\#J2421\\#J2451\\#J2473", vfont = VIf)
> text (4, 4, "\\#J2538\\#J2521\\#J2551\\#J2573", vfont = Vf)
> text (4, 6, "\\#J467c\\#J4b5c", vfont = Vf)

> text (4, 8, "Japan", vfont = V)

> par (cex=1)

> text (8, 2, "Hiragana")

> text (8, 4, "Katakana")

> text (8, 6, "Kanji")

> text (8, 8, "English")



example(Japanese)

J a p a n English
Eﬂ zﬂg Kanji

AN

7D {)i/ Katakana

U s A -

using Hershey fonts

Chuong nay chi gioi thiéu mét s6 biéu dd théng thuong trong nghién ctru khoa
hoc. Ngoai cac biéu d6 thong dung nay, R con co kha ning v& nhung d6 thi phtc tap va
tinh vi hon nita. Hién nay, R c6 mot package tén 13 lattice c6 thé v& nhing biéu dd
chat lugng cao hon. lattice, cling nhu bt cit package nao ciia R, déu mién phi, c6
thé tai vé may tinh va cai dit dé sir dung khi can thiét.



