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11. Phan tich phwong sai

11.1 Phéan tich phwong sai don gian (one-way analysis of variance -
ANOVA)

Vidu 17. Bang dudi diy so sanh d¢ galactose trong 3 nhom bénh nhén: nhom 1
gom 9 bénh nhan vdi bénh Crohn; nhém 2 gém 11 bénh nhan v&i bénh viém rudt két
(colitis); va nhom 3 gém 20 ddi tuwgng khong cé bénh (goi la nhém dbi ching). Cau hoi
dit ra la d§ galactose gitra 3 nhom bénh nhén co6 khac nhau hay khéng?

D galactose cho 3 nhém bénh nhin Crohn, viém rudt két
va doi chirng

Nhom 1: bénh Nhom 2: bér}h viém Nhom 3: doi
Crohn rudt két chirng (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

Chu thich: SD la dg léch chuan (standard deviation).

Goi gia tri trung binh cta ba nhém 1a u;, ps. va us, va noi theo ngdn ngit cua kiém dinh
gia thiét thi gia thiét dao la:

Hol i == s
Va gia thiét chinh la;
Hy: 6 mot khac biet gira 3 p; (= 1.2.3)

‘ Thoat ddu c6 1& ban doc, sau khi da hoc qua phuong phép so sanh hai nhom bing
kiém dinh t, s&€ nghi rang chung ta can lam 3 so sanh bang kiém dinh t: gitra nhom 1 va 2,
nhom 2 va 3, va nhom 1 va 3. Nhung phuong phap nay khéng hop 1i, vi co ba phuong
sai khac nhau. Phuong phap thich hop cho so sanh la phan tich phuong sai. Phén tich
phuong sai ¢ thé Gmg dung dé so sinh nhiéu nhém cing mét lic (simultaneous
comparisons).
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Bé minh hoa cho phuong phap phén tich phuong sai, ching ta phai ding ki hiéu.
Goi df galactose cua pénh nhan { thugc nhom j (f = 1, 2, 3) 1a x;. M0 hinh phan tich
phuong sai phat biéu rang:

X, =U+o+E,
Hay cuy thé hon:
Xip = H T O T &
Xi2 = U T 02T 82
X3 = H T o En
Trude hét, chung ta can phai nhép dir liéu vao R. Budc thir nhat 1 béo cho R biét ring
chung ta co ba nhom bénh nhan (1, 2 va ), nhom 1 gém 9 nguoi, nhom 2 co 11 nguot, va

nhom 3 ¢é 20 nguoi:

2,2,2,2,2,2,2,

L

roup
3.3

r

<- ¢(1,1,1,1,1,1,1,1,1, 2,2,2,
!3!31313l3f3!3.!313?3f3f3!3!313f

Lad Pod

> r
3, )
Pé phan tich phuong sai, chiing ta phai dinh nghia bién group la mdt yéu té - factor.

> group <- as.factor (group)

Bude ké tiép. ching ta nap sb liéu galactose cho timg nhém nhu dinh nghia trén (goi
objectla galactose):

> galactose <- ¢(1343,1393,1420,1641,18%97,2160,216%,2279,28%0,
1264,1314,13%9,1605,2385,2511,2514,2767,2827,2895,3011,
180%9,2850,1926, 2564, 2283,25873,2384,3171,2447,3257,247%9,3271,2495,3288,
2525,3358,2541,3643,2789, 3657)

Pua hai bién group va galactose vao moit dataframe va goi 1a data:

> data <- datza.Irame(group, galactocse)
> attach{data)

Sau khi da co dur liéu sin sang, chung ta dung ham 1m () dé phan tich phuong sai nhu
sau:

> analysis <- lmigalactose ~ group)

Trong ham trén ching ta cho R biét bién galactose la mdt ham sé cua group. Goi
két qua phan tich la analysis.

Két qua phén tich phwong sai. Biay gid ching ta ding 1énh anova dé biét két qua
phén tich:

> anovalanalysis)

Analysis of WVariance Table

Response: galactose
Df Sum Sg Mean Sg F wvalue Pr (>F)
group 2 5883820 2841B10 B.66553 0.000B1891 *=*x*
Residuals 37 12133223 327944
Signif. codes g '***' Q.001 '**' Q.01 "*' Q.05 "." 0.1 " " 1
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Trong két qua trén, c6 ba cét: DE (degrees of freedom) 1a bac tur do; Sum Sg la tong binh
phuong (sum of squares), Mean Sg la trung binh binh phuong (mean square); ¥
value la gia tri F; va Pr (>F) latr s6 P lién quan dén kiém dinh F.

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

Cho & nhom, ching ta co it nhét 1a k(k-1)/2 so sanh. Vi du trén co 3 nhom, cho
nén téng sé so sanh kha di 1a 3 (gitra nhém 1 va 2, nhém 1 va 3, va nhém 2 va 3). Khi
k=10, sb l::m so sénh c6 thé 18n rit cao. Nhu da dé cip trong chwong 7, khi ¢é nhiéu so
sanh, tri s6 p tinh toan tir cac kiém dinh théng ké khong con v nghia ban dau nira, boi vi
céc kiém dinh nay c6 thé cho ra két qua duong tinh gia (tire két qua vdi p<0.05 nhung

trong thue té khéng co khac nhau hay anh huong). Do do, trong trudng hop co nhiéu so
sanh, chung ta can phai diéu chinh tri s0 p sao cho hop li.

C6 kha nhiéu phuong phap diéu chinh tri s6 p, va 4 phuong phap thong dung nhat
la: Bonferroni, Scheffé, Holm va Tukey (tén cua 4 nha théng ké hoc danh tiéng).
Phuong phap nao thich hop nhét? Khong ¢6 cau tra loi dit khoat cho cau hoi nay, nhung
hai diém sau diy cé thé gitip ban doc quyét dinh tét hon:

(a) Néu k < 10, ching ta c6 thé ap dung bt cir phuong phép nio dé diéu
chinh trj s6 p. Riéng ca nhén téi thi thiy phuong phap Tukey thudng
rat hitu ich trong so sanh.

(b) Néu k>10, phuong phap Bonferroni ¢ thé tré nén rat “bao thu”. Bao
thi & ddy c6 nghia la phuong phép nay rit it khi ndo tuyén b mét so
sanh c6 v nghia thong k&, di trong thuc té 1a c¢é that! Trong trudng
hop nay, hai phuong phap Tukey, Holm va Scheffé co thé &p dung.

Quay lai vi du trén, cac tri m p wén day la nhang tri 56 chua duge diéu chinh cho
so sanh nhiéu lan. Trong chuong vé tri s6 p, toi d noi céc trj sd nay phong dai y nghia
thong ké, khong phan énh tri sé p lic ban dau (tire 0.05). Pé diéu chinh cho nhiéu so
sanh, chung ta phai st dung dén phuong phap diéu chinh Bonferroni.

Quay lai vi du trén, cac tr m p trén day la nhimng tri s6 chua duge diéu chinh cho
so sanh nhiéu lan. Trong chuong vé tr] sO p, toi da ndi cdc tri sd nay phong dai y nghia
théng ké, khong phan anh tri sé p lic ban dau (tic 0.05). Pé diéu chinh cho nhiéu so
sanh, ching ta phai sir dung dén phuong phap diéu chinh Bonferroni.

Chung ta c6 thé dung 1énh pairwise.t.test dé co dugce tat ca cac tri s6 p so
sanh gilta ba nhom nhu sau:
> palrwise.t.test (galacteose, group, p.adj="bonferrcni")

Pzirwise compariscns using t tests with pooled 3D

data: galactocse and group
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value adjustment method: bonferroni

Két qua trén cho thdy tri s6 p gilta nhom 1 (Crohn) va viém rudt két 1a 0.6805 (tirc khong
¢6 v nghia thong ké); gitta nhom Crohn va ddi chimg 1a 0.0012 (co v nghia thong ké), va
gitra nhém viém rudt két va ddi chitng 1a 0.0321 (tic ciing cd v nghia thong ké).

Maét phuong phap didu chinh tri s6 p khéc ¢6 tén 1a phuong phap Holm:

> palrwlise.t.test(galactcse, group)
Palrwise compariscons using t tests with peoceocled SD
data: galactose and group
1 2
2 0.2288 -
3 0.0012 0.0214

P value adjustment method: holm
Két qua nay ciing khong khac so véi phuong phap Bonferroni.

Tat ca céc phuong phap so sanh trén su dung mat sai s6 chuin chung cho ca ba nhom.
Néu chung ta muén st dung cho timg nhém thi I¢nh sau day (pool. sd=F) s€ dap umg

véu ciu do:
> pairwise.t.test(galactose, group, pool.sd=FALSE)
Pairwise compariscons using t tests with non-pooled SD
data: galactose and group
1 2
2 0.2557 -
3 0.0017 0.0544

L |

value adjustment method: holm
Mot lan nira, két qua nay cing khéng lam thay déi két ludn.

Trong céc phuong phap trén, chiing ta chi biét tri s6 p so sanh giita cac nhom,
nhung khong biét murc dd khac biét cing nhu khoang tin cdy 95% gitra cac nhom. bé co
nhitng udc s6 nay, ching ta can dén mc-t ham khac ¢ tén la 2ov (viét tat tir analysis of
variance) va ham Tukevzsp (HSD 1a viét tit tir Honest Significant Difference, tam dich

ném na la “Khac biét c6 y nghia thanh that™) nhu sau:
» res <- aovigalactose ~ group)
> TukeyHSD (res)
Tukey multiple comparisons o means
95% family-wise “cnf;dE“"c level
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Fit: aowv(formulz = galactose ~ group)
Sgroup

diff lwr upr p ad]
2-1 316.3232 -312.09857 ©944.745 0.4439821
3-1 824.2778 333.07%1e 1455.47¢ 0.0011445
3-2 577.9545 53.1188¢ 1102.790 0.0281768

Két qua trén cho chung ta thdy nhom 3 va 1 khac nhau khoang 894 don vi, va khoang tin
cély 91'3% tr 333 dén }455 don vi. Tuong tu, galactose trong nhom bénh nhéin viém rudt
két thap hon nhém d6i chirng (nhém 3) khoang 578 don vi, va khoang tin cdy 95% tir 53

dén 1103,
95% family-wise confidence level
— I r T T
™ I : | |
- ] | | |
o [ [ I
o | | |
e | [ ]
I T T T
o 500 1000 15800
Diffarancas in maan levals of group
Biéu do 24, Trung binh hiéu va khoang tin cdy 95%
gita nhom 1 va 2, 1 va 3, va 3 va 2. Truc hoanh la
dd galactose, truc tung la ba so sanh.

11.3 Phan tich bang phwong phap phi tham so6

Phuong phip so sanh nhiéu nhém phi tham sé (non-parametric statistics) tuong
duong vdi phuong phap phén tich phuong sai 14 Kruskal-Wallis. Ciing nhu phuong phap
Wilcoxon so sanh hai nhém theo phuong phép phi tham sb, phuong phap Kruskal-Wallis
ciing bién ddi sé liéu thanh thir bic (ranks) va phan tich do khéac biét thir bic nay gitra céc
nhém. Ham kruskal.test trong R cé thé gitp chung ta trong kiém dinh nay:

> kruskazal.test(galzactose ~ group)
¥ruskal-Wallis rank sum test

data: galacteose by group
Kruskal-Wallis chi-sguared = 12.1381, df = 2, p-value = 0.00Z2313

Tri sé p tir kiém dinh nay khé thap (p = 0.002313) cho thdy c6 su khéc biét giia
ba nhém nhu phéan tich phuong sai qua ham 1m trén day. Tuy nhién, mét bat tién cua
kiém dinh phi tham sé Kruskal-Wallis 1a phwong phap nay khéng cho ching ta biét hai
nhém nao khac nhau, ma chi cho mét tri s6 p chung. Trong nhiéu truemg hop, phan tich
phi tham sé nhu kiém dinh Kruskal-Wallis thuong khong ¢é hiéu qua nhu cdc phuong
phép théng ké tham sé (parametric statistics).
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11.4 Phén tich phwong sai hai chiéu (two-way analysis of variance -
ANOVA)

Phén tich phuong sai don gian hay mot chiéu chi cé mot yéu td (factor). Nhung
phan tich phuong sai hai chiéu (two-way ANOVA), nhu tén goi, c6 hai yéu td6. Phuong
phap phan tich phuong sai hai chiéu chi don gian khai tnen tir phuong phap phan tich
phuong sai don gian. Thay vi uoc tinh phuong sai cua mot véu td, phuong phap phan sai
hai chiéu udec tinh phuong sai cia hai yéu td.

Vi du 18. Trong vi du sau diy, dé danh gia hiéu qua cua mét ki thuit son mdi,
cac nha nghién ctru ap dung son trén 3 loai vat liéu (1. 2 va 3) trong hai diéu kién (1, 2).
Mdi diéu kién va loai vat liéu. nghién ciru duoce lap lai 3 1dn. D6 bén dugc do 1a chi sb
bén bi (tam goi la score). Téng cong, co 18 56 liéu nhu sau:

J-. A - A I - - . n
Do bén bi cua son cho 2 diéu kién va 3 vit liéu

Didu kién Vit lidu ()

(i) 1 2 3

[ 4.1,3.9,43 | 3.1,28.33 | 35,3236
2 27.3.1,26 | 19,22,23 | 2.7,23,25

G’Qi Xjj la score cuadidu kiéni (i = 1,2)chovatliéuj(j =1, 2, 3). (Dé don gian hc}a
vin dé, ching ta tam thoi bo qua & d6i tugng). M6 hinh phén tich phuong sai hai chiéu
phat biéu rang;

X, =p+a +p +e,

ula s6 trung binh cho toan qu.@‘m thé, cac hé s6 o, (E'mh huong cua diéu kién i)va B (anh
huang cua vat 1idu /) can phai ude tinh tir s6 liéu '[hll'C té. gj dugce gia dinh tuén theo luat
phan phéi chudn véi trung binh 0 va phuong sai o7,

pé phan tich bz:mg R, ching ta can phai t6 chire dir liéu sao cho ¢6 4 bién nhu sau:

Condition Materizl pdi tuong Score
(di&u kién) (vat liéu)

1 1 1 4.1
1 1 2 3.9
1 1 3 2.3
1 2 4 3.1
1 2 5 2.8
1 2 6 3.3
1 3 7 3.5
1 3 2 3.2
1 3 9 3.6
2 1 10 2.7
Z 1 11 3.1
2 1 12 2.8
2 2 13 1.5
2 2 14 2.2
Z 2 15 2.3
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2 3 16 2.7
2 3 17 2.3
2 3 18 2.5

Ching ta c6 thé tao ra mdt diy sé bang cach sir dung ham g1 (generating levels).

> condition <£- gl (2,
> material <- gl(3,

Vatao nén 18 mi qo{tul dén 18):
> id <- 1:18

Sau cing la 86 liéu cho score:

> Score <—- o 4 1,3.6,4.3, 3,1,2.8,3.3, 3.5,3.2,3.8,
2.7,3.1,2.6, 1.9,2.2,2.3, 2.7,2.3,2.5)

Tét ca cho vao mot dataframe tén la data:

> data €- datza.frame(conditicn, material, id, score)

> attach(data)

Béy gitr s6 lidu da sin sang cho phan tich. Dé phan tich phuong sai hai chidu, ching ta
van str dung lénh 1m voi cac thong so nhur sau:

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

Fesponss:

1
o]

DNUlU:ll’C

)]

1 0
[
=
[

L S e Y

Mean 2g F wvalue P
5.0139 985.575 1
1.0906 20.788 6.

0.0525

condition
material
Residuals

Signif. codes: 0 "**x' 0,001 '**' Q.01 '**' 0.05 '." 0.1 " v 1

[

Ba ngudn dao ddng (variation) ciia score duge phan tich trong bang trén. Qua
trung binh binh phuong (mean square), chiing ta thay anh huéng cta diéu kién cé vé quan
trong hon 1a anh huéng cua vat liéu thi nghiém. Tuy nhién, ca hai anh hudang déu cé ¥
nghia théng ké, vi tri s6 p rat thﬁp cho hai yéu to. Chung ta véu cau R tém luge cc ude
s6 phan tich bang 1énh summary:

> summary (twoway)

Call:
Im{formula = sceore ~ conditicon + material)
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dian 3Q Max
-0.32778 -0.1638% 0.03333 0.1el111 0.32222

Coefficients

Estimate Std. Error t walue Pr{>|t])
(Intercept) 3.9778 0.1080 36.841 2.43e-15 =x*
condition2 -1.0556 0.1080 -9.776 1.24e-0Q7 ***
materiall -0.8500 0.1322 -5.428 1.58e-05 ===
materiall -0.4833 0.1322 -3.6535 0.0026 *=
Signif. codes: 0 '***' (0,001 '**' Q.01 '*' Q.05 '." 0.1 " " 1
Fesidual standard error: 0.22% con 14 degrees of freedom
Multiple R-Sguared: 0.9%074, Adjusted R-sguared: 0.8875
F-statistic: 453.72 on 3 and 14 DF, p-value: 1.7&le-07

Két qua trén cho thiy so vai didu kién 1, didu kién 2 ¢6 score thap hon khoang
1.056 va sai s6 chudn 1a 0.108, vdi tri s6 p = 1.24e-07, tirc c6 v nghia théng ké. Ngoai ra,
so v&i vét liéu 1, score cho vat lidu 2 va 3 ciing thip hon déng ké vdi do thap nhat ghi
nhan ¢ vat li¢u 2, va anh huong cua vat li¢u thi nghiém cling co y nghia thﬁng ké.

Gia tri co tén la “Residual standard error” dugce udc tinh tir trung binh binh
phuong phan dur trong phén (a), tire 1a 4/0.0525 =0.229, tirc la udc sd cla & .

Hé s6 xdc dinh boi (R%) cho biét hai yéu 16 diéu kién va vat liéu giai thich khoang
91% d¢ dao dong cua toan bo mau. Hé so nay dugce tinh tir tong binh phuong trong két
qua phan (a) nhu sau:

3 5.01394+2.1811

= =0.9074
50139+ 21811+ 0.7344

Va sau cling, hé sé R” didu chinh phan dnh do “cai tién” cua mo hinh. D& hidu hé
s6 nay tot hon, ching ta thiy phuong sai cua toan bd miu la s* = (5.0139 = 2.1811 +
0.7344) / 17 = 0.4644. Sau khi didu chinh cho anh huong cua diéu kién va vt liéu,
phuong sai nay con 0.0525 (tirc la residual mean square). Nhur vdy hai yéu té nay lam
giam phuong sai khoang 0.4644 — 0.0525 = 0.4119. Va hé sd R* diéu chinh la:

AdjR*=0.4119/0.4644 = 0.88

Tirc 1a sau khi diéu chinh cho hai véu t6 diéu kién va vat liéu phuong sai cua score giam
khoang 88%.

Hiéu ing tuong tac
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Pé cho phén tich hoan tit, ching ta con phai xem xét dén kha niang anh huong
cua hai véu t0 nay co theé twong tac nhau (interactive effects). Tirc la mo hinh score tro
thanh:

X, =p+a+f+ [ﬂ.ﬁ; ]” +¢

Chu y phuong trinh trén co phan {a}.ﬁf )g,- phan anh su twong tac gilta hai yéu t0. Va
ching ta chi don gian [énh R nhur sau:

> anova (Cwoway <- lm(score ~ ccndition+ material+condition*material))
Enalysis of Varizance Table

REEPD_".EE: SCore

Df Sum Sg Mean Sg F wvalue Er(>F)
condition 1 5.013% 5.0139 100.2778 3.528e-(07 **x*
material 2 2.1811 1.080¢ 21.8111 0.0001008 **=*
conditionimaterial 2 0.1344 0.0672 3444 0.297271¢9
Fesiduals 12 0.6000 0.0500
Signif. cecdes: 0 '"*=*x' Q.001 '**' Q.01 '*' Q.05 '.' Q0.1 " "1

Két qua phan tich trén (p = 0.297 cho anh huong tuong tac). Ching taco bang chimg dé
két ludn rang anh huong twong tac gitta vét lidu va didu kién khong cé v nghia thong ké,
va chiing ta chap nhdn mé hinh [4], titc khéng c6 tuong tic.
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95% family-wise confidence level

e

-1.0 0.5 0.0 0.3

Differancas in mean lavals of matarial

Biéu do 25. So sanh gitra 3 loai vat liéu bing
phuong phap Tukey.
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