11
Phan tich phuwong sai
(Analysis of variance)

Phan tich phuong sai, nhu tén goi, 1 mot s6 phuong phép phan tich thong ké
ma trong diém la phuo’ng sai (thay vi 0 trung binh). Phuong phap phén tich phuong
sal nam trong “dai gia dinh” cac phuong phap c6 tén 1a m6 hinh tuyén tinh (hay
general linear models), bao gdm ca hdi qui tuyén tinh ma ching ta di gip trong
chuong trude. Trong chuong nay, ching ta s€ lam quen véi cach sir dung R trong
phén tich phuong sai. Ching ta s& bat diu bang mot phan tich don gian, sau do s&
xem dén phan tich phuong sai hai chiéu, va cac phuong phap phi tham sé théng dung.

11.1 Phan tich phwong sai do'n gian (one-way
analysis of variance - ANOVA)

Vi du 1. Bang théng ké 11.1 duéi day so sanh do galactose trong 3
nhom bénh nhan: nhéom 1 gém 9 bénh nhan véi bénh Crohn; nhom 2 gém 11
bénh nhan v&i bénh viém rudt két (colitis); va nhom 3 gdm 20 dbi tugng khong
¢6 bénh (goi 1a nhom déi chimg). Cau hoi dit ra 1a d6 galactose giita 3 nhém
bénh nhan c6 khac nhau hay khong? Goi gia tri trung binh cia ba nhom la W,
Ha, VA Hs, va n6i theo ngdn ngit cua kiém dinh gia thiét thi gia thiét dao 1a:

Ho: i = 2= W5

Va gia thiét chinh 1a:  H,: c6 mot khac biét gitra 3 1 (j=1,2,3)

Béng 11.1. P galactose cho 3 nhém bénh nhan Crohn, viém rudt két va doi chimg

Nhom 1: bénh Nhom 2: bénh viém | Nhom 3: dbi ching
Crohn rudt két (control)
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
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Chu thich: SD 1a d6 léch chuan (standard deviation).

Méi xem qua van d&, c6 18 ban doc s& nghi ring chung ta cn lam 3 so
sanh (bang phuong phap kiém dinh t): giita nhom 1 va 2, nhém 2 va 3, va nhém 1
va 3. Nhung cach lam nay khong hop li, vi c6 ba phuong sai khac nhau. Cach
thich hop nhit dé so sanh nay 1a phan tich phuong sai. Phan tich phwong sai co
thé img dung dé so sanh nhiéu nhom ciing mét lac (simultaneous comparisons).

11.1.1 M6 hinh phan tich phwong sai

DPé minh hoa cho phuong phap phan tich phuwong sai, ching ta phai
dung ki hiu. Goi d9 galactose ctia bénh nhén i thugc nhom j (j = 1, 2, 3) 1a x;.
M0 hinh phan tich phuong sai phat biéu rang:

X, SHA, e, 1]
Hay cu thé hon:

Xi =Kt 0;+ €

Xp =H+ 0+ Ep

X3 =H+03tE;

Tirc 1a, gié tr§ galactose cuia bt ctr bénh nhan nao bang gia tri‘ trung
binh cta toan quan thé () cong/trir cho anh hudng ciia nhom j duge do bang hé
s6 anh huéng @, va sai s6 €; . Mot gia dinh khac 1a €; phai tuan theo lut phan
phdi chudn véi trung binh 0 va phuong sai 6. Hai théng s6 can udc tinh 1a p va
@, . Ciing nhu phén tich hoi qui tuyén tinh, hai thong sé nay dugc udc tinh bang

phuong phap binh phwong nho nhit; tec 14 tim wée s [ va & ; sao cho
A ~ 2 4
Z(xj —f—3@;| nhonhat.

Quay lai v6i s6 liéu nghién ctru trén, chiing ta ¢6 nhiing tom tat thong ké nhur sau:

Nhom S6 doi Trung binh Phuong sai
tuong (1)
1 — Crohn n=9 X,=1910 S12:265944
2 — Viém rudt két ny=11 X,=2226 S; = 473387
3 — Poi chimg 73 = 20 X, = 2804 s2=277500
Toan bé mau n=40 X =2444
Chiy: x, =% +(%, -%| +(x, - %) [2]
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Trong d6, X 1a sd trung binh cua toan miu, va X; la sO trung binh ctia nhom .
Néi cich khac, phin ¥, =X phan anh do khac biét (hay cling c6 thé goi 1a
hiéu s6) giita trung binh timg nhom va trung binh toan miu, va phan (x,-j -X j)
phan anh hiéu s6 gitta mot galactose cua mot ddi twong va sb trung binh cua

ting nhom. Theo do, chung ta c6 cic ngudn dao dong nhu sau:

Tdng binh phuong cho toan bo miu la:

2
SST = (x, -%)
>3l
= (1343-2444)* + (1393-2444)* + (1343 — 2444+ ... + (3657
2444y

=12133923
Tong binh phuong phan anh d6 khac nhau giira cic nhom:

ssB=y ¥ (%% = Y n (%%
= 9(19l 101— 2444y + 1 1(2]226 — 2444 + 20(2804 — 2444)?

=5681168
Tong binh phuong phan anh d6 dao dong trong mdi nhom:

SSW:ZZ(XU _fj)zz Z(”j_l) s}

. J
=(9-1)(265944) + (11-1)(473387) + (20-1)(277500)
) = 12133922
Co thé chung minh rang: SST = SSB + SSW.

SSW dugc tinh tir mdi bénh nhan cho 3 nhém, cho nén trung binh binh phuong
cho ttrng nhém (mean square — MSW) la:

MSW =SSW /(N —k) =12133922 / (40-3) = 327944
va trung binh binh phuong gitia cac nhom la:
MSB = SSB/ (k— 1) = 5681168 / (3-1) = 2841810
Trong do N la tong s6 bénh nhan (N = 40) ctia ba nhom, va k=3 Ia §6 nhom
bénh nhan. Néu co6 sy khac biét gilra cac nhom, thi chung ta ki vong raing MSB

s& 16n hon MSW. Thanh ra, dé kiém tra gia thiét, chung ta co thé dua vao kiém
dinh F:
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F=MSB/MSW =8.67 [3] 7
Vi béc tu do k-1 va N-k. Céc s0 li€u tinh toan trén ddy co thé trinh bay trong
mot bang phéan tich phuong sai (ANOVA table) nhu sau:

Nguodn bién thién (source of Bactwdo | Tong binh | Trung Kiém dinh
variation) (degrees phuong binh binh | F

of (sum of phuong

freedom) | squares) (mean

square)

Khac biét gilta cac nhom 2 5681168 2841810 8.6655
(between-group)
Khac biét trong tirng nhom 37 12133923 | 327944
(with-group)
Tong sb 39 12133923

11.1.2 Phan tich phwong sai don gian véi R

Tat ca cac tinh toan trén tuong d6i phirc tap, va tén kha nhidu thoi gian. Tuy
nhién v4i R, cac tinh toan d6 c6 thé lam trong vong 1 gidy, sau khi dit liéu da
duoc chuan bi dung cach.

(a) Nhip dir liéu. Trudce hét, chung ta cin phai nhap dit liéu vao R. Budc thir
nhat 14 bao cho R biét rang chung ta c6 ba nhém bénh nhén (1, 2 va 3), nhom 1
gom 9 nguodi, nhém 2 ¢6 11 ngudi, va nhom 3 cé 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)

Dé phan tich phuong sai, chiing ta phai dinh nghia bién group 1a mot yéu t6 -
factor.

> group <- as.factor (group)

Budc ké tiép, chiing ta nap sb lidu galactose cho tirng nhom nhu dinh nghia trén
(goi objectla galactose):

> galactose <- ¢ (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)

Dua hai bién group va galactose vao mot dataframe va goi la data:
> data <- data.frame (group, galactose)
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> attach (data)

Sau khi d3 c6 dit liéu sin sang, chung ta dung ham 1m () dé phan tich phuong
sai nhu sau:

> analysis <- Im(galactose ~ group)

Trong ham trén chung ta cho R biét bién galactose 1a mot ham sé cua
group. Goi két qua phan tich 1a analysis.

(b) Két qua phén tich phwong sai. Bay gid chung ta dung 1énh anova dé biét
két qua phan tich:

> anova (analysis)
Analysis of Variance Table

Response: galactose

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

Signif. codes: O 'x**' (0.001 '**' Q.01 '*' 0.05 '." 0.1 " ' 1

Trong Kkét qua trén, co ba cot: Df (degrees of freedom) 1a bac ty do; Sum Sgla
tdng binh phuwong (sum of squares), Mean Sq la trung binh binh phwong (mean
square); F value la gia tri F nhu dinh nghia [3] vira d& cip phan trén; va
Pr (>F) 14 tri s6 P lién quan dén kiém dinh F.

Dong group trong két qua trén co nghia 1a binh phuong giita cic nhoém
(between-groups) va residual 1a binh phuong trong mdi nhém (within-
group). O day, ching ta co:

SSB = 5683620 va MSB = 2841810
va:

MSB =2841810 va MSB = 327944
Nhu vay, F'=2841810/327944 = 8.6655.

Tri s6 p = 0.00082 c6 nghia la tin hiéu cho théy c6 su khac biét vé do galactose
gitta ba nhom.

(¢) Uéc so. Dé biét thém chi tiét két qua phan tich, ching ta dung lénh
summary nhu sau:

> summary (analysis)

Call:
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Im(formula = galactose ~ group)

Residuals:
Min 10 Median 30 Max
-995.5 -437.9 102.0 456.0 979.8

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 1910.2 190.9 10.007 4.5e-12 ***
group?2 316.3 257.4 1.229 0.226850
group3 894.3 229.9 3.891 0.000402 ***
Signif. codes: 0 '**x' (0.001 '**' 0.01 '*' 0.05 '.'" 0.1 " ' 1

Residual standard error: 572.7 on 37 degrees of freedom
Multiple R-Squared: 0.319, Adjusted R-squared: 0.2822
F-statistic: 8.666 on 2 and 37 DF, p-value: 0.0008191

Theo két qua trén ddy, intercept chinh 1a £ trong mé hinh [1]. Noi cach
khac, [ = 1910 va sai s6 chuan 1a 190.9.

Dé woc tinh thong s6 dj ,Rdat d,=0,va d, =d, —4,=316.3, v6i sai s6 chuan
14 257, va kiém dinh t = 316.3 / 257 = 1.229 véi tri s p = 0.2268. Noi cach khac,
so voi nhom 1 (bénh nhan Crohn), bénh nhan viém rudt két cé’ do galactose trung
binh cao hon 257, nhung d¢ khac bi¢t nay khong c6 y nghia thong ké.

Tuong ty, A, =d;—A, = 8943, voi sai s chuan la 229.9, kiém dinh
t=894.3/229.9=3.89, va tri s6 p = 0.00040. So v&i bénh nhan Crohn, nhom déi
chirng c6 d6 galactose cao hon 894, va mirc d6 khac biét nay cd y nghia thong ké.

11.2 So sanh nhiég nhédm (multiple comparisons)
va dieu chinh tri so p

Cho k nhém, chung ta co it nhat 13 k(k-1)/2 so sanh. Vi du trén c6 3
nhém, cho nén téng sd so sanh kha di 1a 3 (gitra nhém 1 va 2, nhom 1 va 3, va
nhom 2 va 3). Khi k=10, s6 1an so sanh c6 thé 1én rat cao. Nhu da dé cép trong
chuong 7, khi ¢6 nhiéu so sanh, tri sd p tinh toan tir cac kiém dinh théng ké
khong con y nghia ban dau nita, béi vi cac kiém dinh nay c6 thé cho ra két qua
duong tinh gia (tirc két qua voi p<0.05 nhung trong thuc té khong c6 khac nhau
hay anh hudéng). Do d6, trong truong hop ¢ nhiéu so sanh, ching ta can phai
diéu chinh tri s6 p sao cho hop li.
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C6 kha nhiéu phuong phap diéu chinh tri s6 p, va 4 phuong phép thong
dung nhét 1a: Bonferroni, Scheffé, Holm va Tukey (tén cta 4 nha théng ké hoc).
Phuong phap nao thich hop nhat? Khong c6 cau tra 1oi dit khoat cho cau hoi
nay, nhung hai diém sau day c6 thé giup ban doc quyét dinh tét hon:

(a) Néu k < 10, ching ta c6 thé ap dung bat cir phwong phap
nao d¢ diéu chinh tri s6 p. Riéng cd nhén t61 thi thay
phuong phap Tukey thuong rat hitu ich trong so sanh.

(b) Néu k > 10, phuong phap Bonferroni c6 thé tré nén rét “bao
thu”. Bao thu ¢ day c6 nghia la phuong phap nay rat it khi
nao tuyén bd mot so sanh c6 y nghia théng ké, du trong
thyc té 1a c6 that! Trong trudng hop nay, hai phurong phép
Tukey, Holm va Scheffé co thé ap dung.

O day, chung ta s& khong ban dén li thuyét ding sau cac phuong phap
nay (vi ban doc c6 thé tham khao trong cac sach giao khoa vé thong k), nhung
s€ chi cach sir dung R @€ tién hanh céac so sanh theo phuong phap cuia Tukey.

Quay lai vi dy trén, cac tri ) p trén day la nhiing tri s6 chua duge didu
chinh cho so sanh nhiéu lan. Trong chuong vé tri s6 p, di ndi cac tri s6 nay
phong dai ¥ nghia théng ké, khong phan anh tri s6 p luc ban dau (tirc 0.05). Dé
diéu chinh cho nhiéu so sanh, ching ta phai st dung dén phuwong phap diéu
chinh Bonferroni.

Chung ta co thé ding 1énh pairwise.t.test dé co dugc tat ca cac
tri sO p so sanh gitra ba nhém 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 thay trj s p gitta nhém 1 (Crohn) va viém rudt két 1a 0.6805
(tirc khong c6 ¥ nghia théng ké); gitta nhém Crohn va dbi chimg 14 0.0012 (c6 ¥
nghia théng ké), va giita nhém viém rudt két va ddi ching 1a 0.0321 (tic cling
¢6 ¥ nghia thong ké).
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Mot phuong phap diéu chinh tri s6 p khéc co tén 1a phuong phap Holm:

> pairwise.t.test (galactose, group)
Pairwise comparisons using t tests with pooled SD

data: galactose and group
1 2

2 0.2268 -

3 0.0012 0.0214

P value adjustment method: holm
Két qua nay ciing khong khéc so voi phwong phap Bonferroni.
Tat ca cac phuong phap so sanh trén stir dung mot sai s6 chuan chung cho ca ba
nhom. Néu chung ta muon st dung cho tung nhom thi 1énh sau day
(pool. sd=F) s€ dap ting 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 1an nita, két qua nay ciing khong 1am thay déi két luan.
11.2.1 So sanh nhiéu nhém bang phwong phap Tukey

Trong cic phuong phap trén, ching ta chi biét tri s6 p so sanh giita cac
nhém, nhung khong biét mirc d6 khac biét ciing nhu khoang tin cay 95% giita cac
nhém. Dé c6 nhitng udc sd nay, ching ta can dén mot ham khéac 6 tén 1a aov
(viét tit tir analysis of variance) va ham TukeyHSD (HSD la viét tit tir Honest
Significant Difference, tam dich 1a “Khdac biét c6 y nghia thanh that”) nhu sau:

> res <- aov(galactose ~ group)

> TukeyHSD (res)

Tukey multiple comparisons of means
95% family-wise confidence level
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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 thdy nhom 3 va 1 khac nhau khoang 894 don vi, va
khodng tin cdy 95% tir 333 dén 1455 don vi. Tuong tu, galactose trong nhém
bénh nhén viém rudt két thip hon nhom ddi ching (nhém 3) khoang 578 don vi,
va khoang tin cay 95% tir 53 dén 1103.

95% family-wise confidence level

N [ I I

.
8 \

3-1

T T T T
0 500 1000 1500

3-2
|

Differences in mean levels of group

Biéu d0 11.1. Trung binh hiéu va khoang tin cdy 95%
gitra nhém 1 va 2, 1 va 3, va 3 va 2. Truc hoanh la do
galactose, tryc tung la ba so sanh.

11.2.2 Phan tich bang biéu do

Mot phan tich théng ké khong thé nao hoan tat néu khong c6 mot do thi
minh hoa cho két qua. Céc 1énh sau ddy vé do thi thé hién do galactose trung
binh va sai s6 chuan cho timg nhom bénh nhan. Biéu d6 nay cho thiy, nhom
bénh nhan Crohn c6 d6 galactose thap nhit (nhung khong thip hon nhom viém
rudt két), va ca hai nhém thip hon nhom déi ching va st khac biét nay c¢6 ¥
nghia thong ke.

> xbar <- tapply(galactose, group, mean)

> s <- tapply(galactose, group, sd)
> n <- tapply(galactose, group, length)
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> sem <- s/sqrt(n)
> stripchart (galactose ~ group, “Jjitter”, jit=0.05,
pch=16, vert=TRUE)
> arrows (1l:3, xbart+sem, 1:3, xbar-sem, angle=90, code=3,
length=0.1)
> lines (1:3, xbar, pch=4, type="b"”, cex=2)
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Bi¢u do 11.2. Do galactose cia nhom 1 (bénh nhan Crohn), nhém 2
(bénh nhan viém rudt két), va nhém 3 (d6i ching).

11.3 Phan tich bang phwong phap phi tham sé

Phuwong phap so sanh nhiéu nhom phi tham sé (non-parametric
statistics) twong duong véi phuong phdp phan tich phuong sai 1a Kruskal-
Wallis. Ciing nhu phuong phap Wilcoxon so sanh hai nhém theo phuong phap
phi tham s6, phuong phap Kruskal-Wallis ciing bién d6i sd lidu thanh thir bac
(ranks) va phan tich do khac biét ther bac nay gilra cac nhom. Ham
kruskal.test trong R c¢6 thé gitp 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 khé thap (p = 0.002313) cho thiy c6 sy khéac
biét gitra ba nhom nhu phan tich phuong sai qua ham 1m trén day. Tuy nhién,
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mot bat tién cua kiém dinh phi tham sé Kruskal-Wallis 1a phuong phap nay
khong cho chung ta biét hai nhom nao khac nhau, ma chi cho mot tri s6 p
chung. Trong nhiéu trudng hop, phan tich phi tham s nhu kiém dinh Kruskal-
Wallis thuong khong c6 hidu qua nhu cic phuong phap théng ké tham sb
(parametric statistics).

11.4 Phan tich phwong sai hai chiéu (two-way
analysis of variance - ANOVA)

Phén tich phuong sai don gian hay mét chidu chi c6 mot yéu t6 (factor).
Nhung phén tich phuong sai hai chiéu (two-way ANOVA), nhu tén goi, c6 hai
yéu to. Phuong phap phan tich phu'()’ng sai hai chiéu chi don gian khai trién tir
phuong phap phén tich phuong sai don gian. Thay vi u6c tinh phuong sai cua
mdt yéu t6, phuwong phap phuong sai hai chiéu wéc tinh phuong sai ciia hai yéu
t.

Vi du 2. Trong vi du sau ddy, dé danh gia hiéu qua ctia mot ki thuat son
mdi, cac nha nghién ctru 4p dung son trén 3 loai vat li¢u (1, 2 va 3) trong hai diéu
kién (1, 2). Mbi diéu kién va loai vat liéu, nghién ctru dugc lap lai 3 1an. P bén
dugc do 1a chi s6 bén bi (tam goila score). Téng cong, co 18 s6 liéu nhu sau:

Bang 11.2. P9 bén bz ciia son cho 2 diéu kién va 3 vt li¢u

Diéu kién Vit lidu ())

(i) 1 2 3

1 4.1,3.9,43 3.1,2.8,3.3 3.5,32,3.6
2 2.7,3.1,2.6 1.9,2.2,2.3 2.7,23,2.5

S liéu nay c6 thé tom luge bang sb trung binh cho timg diéu kién va vat liéu
trong bang thong ké sau day:

Bang 11.3. Tém lwgc s6 li¢u tir thi nghiém dd bén bi clia nwée son

Diéu kién (i) Vit lidu () Trung binh
1 | 2 | 3 cho 3 vat lidu
Trung binh
1 4.10 3.07 3.43 3.533
2 2.80 2.13 2.50 2.478
Trung binh 2 3.450 2.600 2.967 | 3.00
nhom
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Phuong sai

1 0.040 0.063 0.043

2 0.070 0.043 0.040

Nhirng tinh todn so khoi trén day cho thdy co thé co su khac nhau (hay anh
huong) cua dicu kién va vat li€u thi nghiém.
Goi x;1a score cua diéu kién i (i = 1, 2) cho vat liduj (j = 1, 2, 3). (Pé don
gian hoa van dé, chung ta tam thoi bo qua k dbi tugng). M6 hinh phan tich
phuong sai hai chiéu phat biéu rang:

xy':/’l+ai+ﬁj+€ij (4]
Hay cu thé hon: xn=H+o;+ B +en

Xp=HU+0;+B+eEn

X3 =H+0o+Bs+En

X =M+ 0+ B+ €y

Xp=H+ 0+ B+ Exn

Xy =M+ 0+ B+ €
1 14 s6 trung binh cho toan quan thé, cac hé sé o (anh huong cua diéu kién i)va
B; (anh huong cua vat li€u j) can phai udc tinh tir so li¢u thuc té. €; dugc gia
dinh tun theo luat phan phoi chuan véi trung binh 0 va phuong sai 0°.

Trong phan tich phuong sai hai chiéu, ching ta can chia tong binh phuong ra
thanh 3 nguon:

¢ Ngudn thtr nhat 13 téng binh phuong do khac biét giita 2 diéu kién:

SSc = an()?l —)_c)z
— 9(3.533 — 3.00) + 9(2.478 — 3.00)’

=5.01

¢ Nguon thir hai 1a tong binh phuong do khéc biét giira 3 vat liéu:
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2
SSm = n.()?. —x)
Z J J
= 6(3.45 — 3.00)> + 6(2.60 — 3.00)*+ 6(2.967 — 3.00)*

=2.18
e Nguon tht ba 1a tong binh phuong phan du (residual sum of squares):

2
SSe = X, —X,—Xx, +tx| = n, —1 sﬁ
PITEEREE I
= 2(0.040) + 2(0.063) + 2(0.043) + 2(0.070) + 2(0.043) + 2(0.040)

=0.73

Trong cac phuong trinh trén, n = 3 (Idp lai 3 1an cho mdi diéu kién va vat
liéu), m = 3 vat liéu, X 1a ) trung binh cho toan mau, X, la ) trung binh cho
timg didu kién, X; 14 s trung binh cho timg vat lidu. Vi SSc c¢6 m-1 bac tu do,

SS:m co (n -1) bac ty do, va SSe c6 N-nm+2 bac tu do, trong d6 N la téng )
mau (tic 18). Do d0, cac trung binh binh phuong

 Gifta hai didukién:  MSc=SSc/(m-1)=5.01/1=5.01
Giira ba vat liéu: MSm = SSc / (n-1)=2.18 /2 =1.09
e Phan du: MSe = SSe | (N-nm+2) =0.73 / 14 = 0.052

Do d6, so sanh d6 khac biét giira hai diéu kién dua vao kiém dinh F = MSc/Mse
voi bac ty do 1 va 14. Tuong ty, so sanh dd khac biét giira ba vat liéu co thé dya
vao kiém dinh F = MSm/Mse véi bac tu do 2 va 14. Cac phan tich trén c6 thé
trinh bay trong mdt bang phan tich phuong sai nhu sau:

Ngudn bién thién (source | Béc tu do Tong binh | Trung Kiém
of variation) (degrees of | phuong binh binh | dinh F
freedom) (sum of phuong
squares) (mean
square)
Khac biét giira 2 diéu 1 5.01 5.01 95.6
kién
Khac biét gitra 3 vat ligu | 2 2.18 1.09 20.8
Phan du (residual) 14 0.73 0.052
Tong sb 17 7.92

11.4.1 Phan tich phwong sai hai chiéu véi R
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(a) Buée dau tién 1a nhap s’f') liéu tir bang 11.2 vao R. Ching ta can phai td
chirc dir liéu sao cho c6 4 bién nhu sau:

Condition Material pdi 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
2 3 16 2.7
2 3 17 2.3
2 3 18 2.5

Chung ta c6 thé tao ra mot ddy s6 bang cach sir dung ham g1 (generating
levels). Cach st dung ham nay c6 thé minh hoa nhu sau:
> gl(9,

1
[1] 1 2 3
Levels: 1

, 18)
4 5 6 7
2 345
Trong 1énh trén, chiing ta tao ra mot day sé 1,2,3, ... 9 hai lan (v6i tong sb 18
$0). Moi mot lan 1a mét nhom. Trong khi 1énh:

> gl(4, 9, 36)

[117 11111 111122222222 2333333333441414
4 4 4 4 4

Levels: 1 2 3 4

T,rong lfznh trén, chung ta tao ra mot day b v6i 4 bac (1,2,3,4)9 lan (véi téng
$0 36 s0).

Do @6, dé tao ra cac bac cho di€u kién va vat li¢u, chung ta 1¢énh nhu sau:

> condition <- gl (2, 9, 18)
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> material <- gl (3, 3, 18)
Va tao nén 18 ma sb (t&r 1 dén 18):
> id <- 1:18

Sau cung 14 s6 lidu cho score:

> score <- c(4.1,3.9,
7 1

4 3 4.3, 3.1,2.
2.7,3.1,2.6, 1 2.

1 , 3.3, 3.5,3.2,3.
.9, 2 2.7,2 2

8 3 2 6,
’ 2,2.3, 2.7,2.3,2.5)

Tt ca cho vao mot dataframe tén 1a data:

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

(b) Phan tich va két qua so’ khéi. Bay gio' s6 liéu da siin sang cho phan tich.
Dé phan tich phwong sai hai chiéu, ching ta van sir dung Iénh 1m véi cac
thong so nhu sau:

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

Response: score

Df Sum Sg Mean Sg F wvalue 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 'x**' (0.001 'x*' 0.01 '*' 0.05 '.' 0.1 " ' 1

Ba ngudn dao dong (variation) clia score dugc phan tich trong bang
trén. Qua trung binh binh phuong (mean square), ching ta thiy anh hudng cta
didu kién co vé quan trong hon 13 anh huéng cua vat liu thi nghiém. Tuy nhién,
ca hai anh huéng déu c6 y nghia thong ké, vi tri s p rét thap cho hai yéu to.

(¢) Uéc s6. Chiing ta yéu ciu R tom lwge cic wée s6 phan tich bing 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*
condition2 -1.0556 0.1080 -9.776 1.24e-07 **x*
material2 -0.8500 0.1322 -6.428 1.58e-05 **x
material3 -0.4833 0.1322 -3.655 0.0026 **

Signif. codes: 0 'x**' (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 thdy so vé&i diéu kién 1, diéu kién 2 co score thip
hon khoang 1.056 va sai s6 chuan 14 0.108, véi tri s6 p = 1.24e-07, tirc cb ¥
nghia thong ké. Ngoai ra, so v6i vat lidu 1, score cho vat liéu 2 va 3 ciing thap
hon dang ké v6i do thip nhat ghi nhan ¢ vat lidu 2, va anh huong cua vat ligu
thi nghiém ciing c6 ¥ nghia thong ké.

Gia tri ¢6 tén 1a “Residual standard error” dugc udc tinh tir
trung binh binh phwong phan du trong phan (a), tirc 1a 1/0.0525 = 0.229, tirc 1a
udc sd cia G .

Hé s6 xac dinh boi (R?) cho biét hai yéu té diéu kién va vat liéu giai
thich khoang 91% d0 dao dong cua toan bd mau. H¢ s6 nay dugc tinh tir tong
binh phuong trong két qua phan (a) nhu sau:

R = 5.0139+2.1811
5.0139+2.1811+0.7344

=0.9074

13 A 2

Va sau cung, hé sé R? diéu chinh phan anh do “cai tién” ciia mo hinh.
Dé hiéu hé sé nay tot hon, ching ta thdy phuong sai cua toan bd mau la
§* = (5.0139 + 2.1811 + 0.7344) / 17 = 0.4644. Sau khi diéu chinh cho anh
huong ciia diéu kién va vat liéu, phuong sai nay con 0.0525 (tie la residual
mean square). Nhu vay hai yeu t6 nay lam giam phuong sai khoang 0.4644 —
0.0525 = 0.4119. Va hé sd R? diéu chinh 1a:

AdjR*=0.4119/0.4644 = 0.88

Ttc 1a sau khi diéu chinh cho hai yéu t6 diéu kién va vt liéu phuong sai cua
score giam khoang 88%.

(d) Hiéu @ng twong tac (interaction effects)
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Dé cho phan tich hoan tat, ching ta con phai xem xét dén kha ning anh
huong cia hai yéu t6 nay cé thé twong tac nhau (interactive effects). Tuc 1a mo
hinh score trd thanh:

X, =p+a + B +(ai'8i),-,- TE;

Chu y phwong trinh trén ¢ phan ( a ,-,3 ; ) i phan 4nh sy twong tac gitra hai yéu
t6. Va ching ta chi don gian 1énh R nhu sau:
> anova (twoway <- lm(score ~ condition+

material+condition*material))
Analysis of Variance Table

Response: score
Df Sum Sg Mean Sg F value Pr (>F)

condition 1 5.0139 5.0139 100.2778 3.528e-07 **x*
material 2 2.1811 1.0906 21.8111 0.0001008 ***
condition:material

2 0.1344 0.0672 1.3444 0.2972719
Residuals 12 0.6000 0.0500
Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1

Két qua phan tich trén (p = 0.297 cho anh hudng tuong tac). Ching ta c6 béng
ching dé két luan rang anh huong tuong tac gitra vat liéu va dicu kién khong co
v nghia thong ké, va chiing ta chap nhan mo hinh [4], tic khong co6 tuong tac.

(e) So sanh giira cic nhém. Ching ta s& udc tinh d6 khac biét giita hai diéu
kién va ba vat liéu bang ham TukeyHSD vdi aov:

> res <- aov(score ~ condition+ material+condition)
> TukeyHSD (res)
Tukey multiple comparisons of means

95% family-wise confidence level

Fit: aov(formula = score ~ condition + material +
condition)
$Scondition

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
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3-1 -0.4833333 -0.82943612 -0.1372305 0.0068648
3-2 0.3666667 0.02056388 0.7127695 0.0374069

Bi¢u do 11.3 sau ddy s& minh hoa cho cac két qua trén:

> plot (TukeyHSD(res), ordered=TRUE)
There were 16 warnings (use warnings() to see them)

95% family-wise confidence level

—F—

7 condition

241
40

—1
— 2

35

I

31
mean of score
30
|

S

T T T T
-1.0 -05 0.0 05

32
!

1 2 3

Differences in mean levels of material material

Biéu c:lﬁ 11.3. So sanh giita 3 loai vat | Biéu d(‘f) 11.4. Trung binh score cho
li€u bang phuong phap Tukey. ting di€u kién 1 (duong dit doan)
va diéu kién 2 cho 3 loai vat ligu.

(f) Biéu 6. D¢ xem qua d§ anh huong cua hai yéu t6 diéu kién va vét liéu,
chtng ta can phai c6 mot d6 thi, ma trong phan tich phuong sai goi la dd thi
tuong tdc. Ham interaction.plot cung cap phuong ti¢n dé vé& biéu db

nay (xem biéu dé 11.4):

> interaction.plot (score, condition, material)

11.5 Phan tich hiép bién (analysis of covariance -
ANCOVA)

Phén tich hiép bién (s& Viét tit 1a ANCOVA) la phuong phap phan tich
sir dung ca hai m6 hinh hoi qui tuyen tinh va phén tich phuong sai. Trong phan
tich hoi qui tuyen tinh, ca hai bién phy thuoc (dependent variable, ciing c6 thé
goi 12 “bién tng” — response variable) va bién doc l4p (independent variable hay
predictor variable) phan 16n 1a & dang lién tuc (continuous variable), nhu do
cholesterol va do tudi chang han. Trong phan tich phwong sai, bién phu thudc 14
bién lién tuc, con bién doc lap thi ¢ dang thir bac va thé loai (categorical
variable), nhu do galactose va nhom bénh nhan trong vi du 1 chang han. Trong
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phan tich hiép bién, bién phu thudc 1a lién tuc, nhung bién doc lap co thé 1a lién
tuc va thé loai.

Vi du 3. Trong nghién clru ma két qua dugc trinh bay dudi ddy, cac nha
nghién ctru do chiéu cao va d¢ tudi cua 18 hoc sinh thudc ving thanh thi (urban)
va 14 hoc tro thudc ving nong thon (rural).

Bang 11.4. Chiéu cao cuia hoc tro ving thanh thi va nong
thon

Area ID Age (months) [ Height (cm)
urban 1 109 137.6
urban 2 113 147.8
urban 3 115 136.8
urban 4 116 140.7
urban 5 119 132.7
urban 6 120 145.4
urban 7 121 135.0
urban 8 124 133.0
urban 9 126 148.5
urban 10 129 148.3
urban 11 130 147.5
urban 12 133 148.8
urban 13 134 133.2
urban 14 135 148.7
urban 15 137 152.0
urban 16 139 150.6
urban 17 141 165.3
urban 18 142 149.9
rural 1 121 139.0
urban 2 121 140.9
urban 3 128 134.9
urban 4 129 149.5
urban 5 131 148.7
urban 6 132 131.0
urban 7 133 142.3
urban 8 134 139.9
urban 9 138 142.9
urban 10 138 147.7
urban 11 138 147.7
urban 12 140 134.6
urban 13 140 135.8
urban 14 140 148.5
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Cau hoi dat ra 1a c6 su khac biét nao vé chiéu cao gitra tré¢ em ¢ thanh
thi va nong thon hay khong. Noi cach khac, moi trudong cu tri c6 anh huong dén
chiéu cao hay khong, va néu co6 thi mic do dnh huong 1a bao nhiéu?

Mot yéu t6 c6 anh huong 16n dén chiéu cao 1a d6 tudi. Trong do tudi
truong thanh, chiéu cao tang theo do tudi. Do do, so sanh chiéu cao gitta hai
nhom chi c¢6 thé khach quan néu d6 tudi gitra hai nhom phai twong duong nhau.
Pé dam bao tinh khach quan cta so sanh, ching ta can phai phan tich s liu
bang mo hinh hiép bién.

Viéc dau tién 1a chiing ta phai nhap sd liéu vao R voi nhimg 1énh sau day:

# tao ra day sb id

> id <- c(1:18, 1:14)
# group l=urban 2=rural va can phai xac dinh group 1la mét
“factor”

> group <- c¢(1,1,1,1,1,1,1,1,1,1,1
2,2,2,2,2,2,2,2,2,2,2
> group <- as.factor (group)

~
N =
~

N =
~

N =
— ~

> # nhdp dtt liéu

> age <- c(109,113,115,116,119,120,121,124,126,129,130,
133,134,135, 137,139,141,142, 121,121,128,
129,131,132,133,134,138,138,138,140,140,140)

> height <- ¢ (137.6,147.8,136.8,140.7,132.7,145.4,135.0,
133.0,148.5, 148.3,147.5,148.8,133.2,
148.7,152.0,150.6,165.3,149.9,
139.0,140.9,134.9,149.5,148.7,131.0,142.3,
139.9,142.9,147.7,147.7,134.6,135.8,148.5)

> # tao mdt data frame
data <- data.frame (id, group, age, height)
> attach(data)

\

Chung ta thir xem qua vai chi sb thong ké md ta bang cach udc tinh do
tudi va chiéu cao trung binh cho tirng nhém hoc sinh:

> tapply(age, group, mean)
1 2
126.8333 133.0714

> tapply(height, group, mean)
1 2
144.5444 141.6714
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Két qua trén cho théy nhém hoc sinh thanh thi c6 d6 tudi thép hon hoc
sinh nong thon khoang 6.3 thang (126.8 — 133.1). Tuy nhién, chiéu cao ctia hoc
sinh thanh thi cao hon hoc sinh néng thon khoang 2.8 cm (144.5 — 141.7). Ban
doc c6 thé dung kiém dinh t dé thiy rang sy khac biét vé d6 tudi giita hai nhom
¢6 ¥ nghia thong ké (p = 0.045).

Ngoai ra, biéu do sau day con cho thay c6 mot moi li€n h¢ twong quan giira tuoi
va chiéu cao:

n
‘lg — L]
o
8
8
. 8. e
S5 - « o e s = .
2 y . .
ﬁ _ -
g - "
n * L]
‘Q — - - -
% N -
- T T T T T T T
110 115 120 125 130 135 140
age
Biéu do 11.5. Chiéu cao (cm) va dd tuoi (thang tuoi)
cua hai nhom hoc sinh thanh thi va néng thén.

Vi hai nhém khac nhau vé d tudi, va tudi c6 lién hé véi chiéu cao, cho
nén chung ta khong thé phat biéu hay so sanh chiéu cao giita 2 nhom hoc sinh
ma khong diéu chinh cho do tudi. Pé dicu chinh d6 tudi, chung ta sir dung
phuong phap phan tich hiép bién.

11.5.1 M6 hinh phan tich hiép bién

Goi y 1a chiéu cao, x 1a do tudi, va g 1a nhom. M6 hinh can ban cia
ANCOVA gia dinh rang moi lién h¢ gitra y va x la mt duong thang, va d6 doc
(gradient hay slope) cua hai nhom trong moi li€én hé nay khong khac nhau. Noi

cach khac, viét theo ki hiéu cia hdi qui tuyén tinh, ching ta co:

Y =a,+Bx+e in group 1
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v, =a,+Bx+e, in group 2. [5]

Trong do:

a,: 1a gia tri trung binh cua y khi x= 0 ctia nhém 1;

a, : 1a gia tri trung binh cua y khi x= 0 cia nhém 2;

B: @6 déc ctia mbi lién hé gifra y va x;

e; va e;: bién s0 ngau nhién voi trung binh 0 va phuong sai 0°.

Goi X 12 s0 trung binh cuia d0 tudi cho ca 2 nhom, X, va X, la tudi
trung binh cua nhém 1 va nhom 2. Nhu ndi trén, néu X, # X, , thi so sanh chiéu

cao trung binh ctia nhom 1 va 2 (¥, va »,) s& thiéu khach quan, vi

Y =a,+px te
Y, =a,+Bx, e,

va mirc d6 khéac biét giita hai nhom bay gid tily thude vao hé s P
Ny, =a,-a, +ﬁ()_cl _f2)

Chu y rang trong md hinh [5], chung ta cc’; thé dién dich a, — a, 1a dﬁ)
khac bi€t chiéu cao trung binh gilra hai nhém néu ca hai nhém c6 cung tudi
trung l?inh. Mtic khac biét nay ‘Ehé hién 4nh hudéng cia hai nhom néuq khong co
mot yéu to nao lién h¢ dén y. B¢ udc tinh &) — &,, chung ta khong thé don gian
trir hai s trung binh », - ¥, , nhung phai diéu chinh cho x. Goi x* 1a mot gia tri
chung cho ca hai nhém, chiing ta c6 thé udc tinh gia tri didu chinh y cho nhom 1
(ki hiéu ,, ) nhu sau:

N =V _B()?l _X*)

V1. ¢6 thé xem 1a mot udc sé cho chidu cao trung binh ctia nhém 1 (thanh thi)
cho gia tri x la x* . Tuong ty:

Vou = Vs _ﬁ(fz _X*)

1a s6 cho chiéu cao trung binh cia nhém 1 (ndng thon) véi ciing gia tri x* T
day, ching ta c6 thé udc tinh anh hudng cua thanh thi va nong thon bang cong
thirc sau day:
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s Vie "V =V =N~ Bl X —x
Do d6, vén dé Ia i =72 =92 75 A5
chung ta phai udc tinh B. C6 thé chirmg minh rang udc sé B tir phuong phap

binh phu:ong nho nhat ciing 13 wéc tinh khach quan cho @, — @,. Khi viét bang

md hinh tuyén tinh, mé hinh hiép bién ¢6 thé mé ta nhu sau:
y=a+Px+yg+3(xg)+e [6]

N6i cach khac, mé hinh trén phat biéu rang chiéu cao cia mét hoc sinh
bi anh hué’ng boi 3 yéu t6: d6 tudi (B), thanh thi hay nong thon (y), va tuong tac
gitra hai yéu té d6 (8). Néu & = 0 (tae anh huong twong tac khong c6 y nghia
thong k&), mo hinh trén giam xudng thanh:

y=a+pxtygte [7]

Néuy=0 (ttc anh hudng cua thanh thi khéng c6 ¥ nghia thong ké&), mé hinh
trén gidm xuodng thanh:

y=a+Bx+e (8]
11.5.2 Phan tich bé"lng R
Céc thao luan vira trinh bay trén xem ra khé phuc tap, nhung trong thuc

té, v6i R, cach udc tinh rat don gian bang ham 1m. Chung ta s& phén tich ba mo
hinh [6], [7] va [8]:

\%

# model 6
model6 <- 1lm(height ~ group + age + group:age)

\%

> # model 7
> model?7 <- 1lm(height ~ group + age)

> # model 8
> model8 <- 1lm(height ~ age)

Chung ta ciing c6 thé so sanh ca ba mé hinh cling mét lic bang 1énh anova
nhu sau:

> anova (model6, model7, model8)
Analysis of Variance Table

Model 1: height ~ group + age + group:age
Model 2: height ~ group + age
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Model

Res

Signif.

Cht ¥

3: height ~ age

.Df RSS Df Sum of Sg F Pr (>F)
1 28
2 29
3 30

1270.44
1338.02 -1 -67.57 1.4893 0.23251
1545.95 -1 -207.93 4.5827 0.04114 *

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

“model 17 chinh 1 md hinh [6], “model 2 la mé hinh [7], va

“model 3”1amo hinh [8]. RSS la residual sum of squares, tuc tong
binh phuong phan du cho mdi mo hinh. Két qua phan tich trén cho thay:

Toan bd mau c6 18+14=32 hoc sinh, mé hinh [6] c6 4 thong sb (a, B, y
va &), cho nén md hinh nay c6 32-4 = 28 bac ty do. Téng binh phuong
cua mo hinh 13 1270.44.

Mb hinh [7] ¢6 3 thong s6 (tirc con 29 bac tu do), cho nén tng binh
phuong phan du cao hon mé hinh [7]. Tuy nhién, ding trén phuong
dién xac sut thi trung binh binh phuong phin du cia md hinh nay
1338.02 / 29 = 46.13, khong khac miy so voi md hinh [6] (trung binh
binh phuorng la: 1270.44 / 28 = 45.36), vi tri s6 p=0.2325, tirc khong co
¥ nghia thong ké. Néi cach khéac, bé hé s6 twong tac & khong lam thay
d6i kha nang tién doan ctia mé hinh mot cach dang ké.

Mb hinh [8] chi ¢6 2 thong s6 (va do d6 ¢6 30 bac ty do), v6i tong binh
phuong 1a 1545.95. Trung binh binh phwong phan du ctia mé hinh nay
12 51.53 (1545.95 / 30), tic cao hon hai mo hinh [6] mdt cach dang ké,
vi tri 6 p=0.0411.

Qua phan tich trén, chung ta thdy mo hinh [7] 13 t6i wu hon ca, vi chi can 3
thong s6 ma co thé “giai thich” duoc dir liéu mot cach day du. Bay gio ching ta
s& chii tAm vao phan tich két qua ctia md hinh nay.

> summary (model7)

Call:

Im(formula = height ~ group + age)

Residuals:

Min

10 Median 30 Max

-14.324 -3.285 0.879 3.956 14.866

Coefficients:
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Estimate Std. Error t value Pr(>|t])
(Intercept) 91.8171 17.9294 5.121 1.81e-05 ***

group?2 -5.4663 2.5749 -2.123 0.04242 ~*
age 0.4157 0.1408 2.953 0.00619 **
Signif. codes: 0 'x**' (0.001 '**' 0.01 '*' 0.05 '.' 0.1 " ' 1

Residual standard error: 6.793 on 29 degrees of freedom
Multiple R-Squared: 0.2588, Adjusted R-squared: 0.2077
F-statistic: 5.063 on 2 and 29 DF, p-value: 0.01300

Qua phan wdc tinh thong s trinh bay trén day, ching ta thay tinh trung
binh chiéu cao hoc sinh ting khoang 0.41 cm cho mdi thang tudi. Chu y trong
két qua trén, phin “group2” ¢ nghia 12 hé sé hdi qui (regression coefficient)
cho nhém 2 (tic 1a ndng thon), vi R phai dat hé s6 cho nhom 1 béng 0 dé tién
viéc tinh toan. Vi thé, ching ta c6 hai phuong trinh (hay hai duong biéu dién)
cho hai nhém hoc sinh nhu sau:

Déi véi hoc sinh thanh thi:
Height = 91.817 + 0.4157 (age)
Va ddi voi hoc sinh nong thon:
Height = 91.817 - 5.4663 (rural) + 0.4157 (age)

Noi cach khéc, sau khi diéu chinh cho d6 tudi, nhém hoc sinh ndng
thon (rural) co chiéu cao thap hon nhém thanh thi khoang 5.5 cm va mirc do
khac biét nay c6 y nghia thong ké vi tri s6 p = 0.0424. (Chu y 1a trude khi diéu
chinh cho dd tudi, mirc do khac biét 1a 2.8 cm).

Céc bicu do sau day s€ minh hoa cho cac md hinh trén:

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

> plot (age, height, pch=as.character (group),
main="Mo hinh 17)

> abline(144.54, 0) #mean value for urban

> abline(141.67, 