Phan Tich ANOVA
(Analysis of Variance)




Khai Quat

* So sanh gia tri trung binh ttr hai mau.

* So sanh phuong sai tir hai mau.

* Phan tich ANOVA mot chiéu va hai chiéu.




So Sanh Gia Tri Trung Binh
Tu Hai Mau




Vi Du:

* Chung ta c6 nhiéu quan thé con (sub-populations) khac nhau va
muon so sanh trung binh ctia ching.
* Vidu:
* So sanh hiéu qua cua mot loai thudc véi nam va ni.
* So sanh chiéu cao ctia nam thanh nién thanh thi va nong thon.

* So sanh ty suat lgi nhuan gitra hai nhém doanh nghiép niém yét va khong

niém yeét.
- Thu thap hai mau tir hai quan thé tién hanh phan tich ANOVA
(analysis of variance).




Gia Dinh

* X = {X;,X,, ... X,} 1a mau ngau nhién ¢4 ciing phan phéi chuan
vGi gia tri trung binh p, va phuwong sai o7

Y = {Y,,Y,, ... Y} 1a mau ngau nhién c6 cing phan phdi chuan
vGi gid tri trung binh p, va phuong sai a%.

» Cac bién ngau nhién X; va Y; doc lap véi nhau.

* X va Y c6 phuong sai bang nhau of = g5 = 02,




Gia Thuyét Hy va Hy

* Gia thuyét hai phia:

* Gia thuyét mot phia:

hoac:

Ho:p =
Hytpy # Uy

Ho:py 2 pio
Hitpy <y

Ho:py = pio
Hitpy > Uy




Bién Kiém Dinh Thong Ké
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Vi Du: t = En+m_2)2(x_y) ~ tm+n-—2)

* Danh gia anh hwdng hai loai phan bon (Binh Dién va Pha MY) véi
nang suat ltia, nha nghién ctu ndng nghiép thir nghiém trén nhiéu
mau dat ngau nhién giéng nhau. Tt dit liéu, nha nghién cttu tinh ra
duoc:

Phan bén Binh Bién: X,, = 52, S¢=4.2,n = 15
Phan bon Pha My: Y, =51, Sy=3.4,m = 18

« Hay kiém dinh gia thuyét xem c6 s khac biét vé nang suat lta khi

st dung hai loai phan bon?




Khoang Bac Bo

Gia thuyét H, Khoang bac bo v6i gia tri kiém dinh «
Hi:py # pp t = ty2, min—2 hoact < —tg/o min—2
Hitpy <o t = —tg, min—2
Hitpg > 1o t = ty, m+n-2

* Ghi cha: chung ta c6 thé khai quat gia thuyét Hy vdi gia tri t dung dé€ kiém dinh twong
ung.
Ho: gy —pp = A

. (n+m—2)%()?—17—A)

1
(2+1) (- 1)SE + (m— 1)sPV2

n




So Sanh Gia Tri Phwong Sai
Tu Hai Mau




Gia Dinh

* X1, X5, ... Xy 1a mau ngau nhién ¢6 cung phan phoi chuan
N(uq,07). Y4,Y,, ... Yy la mau ngau nhién c6 cung phan phdoi

chuan N(uy, 0%)
« Cac bién nggu nhién X; va ¥; doc lap voi nhau tirmg doi mot.
* Chung ta c6 thé chirng minh:

_St/oi

~Fn—-1m-1)

- S3/03




Kiém Dinh F (F-test)

* Gia thuyét hai phia Hy va Hy:

HO: 0-12 = 0-22

Hl: 0-12 * 0-22

» St dung phuwong sai mau, gia tri kiém dinh:

St
F=—=S~Fn—-1m-1)
S
2
Gia thuyét H, Khoang bac bo v6i gia tri ki€ém dinh «
- 2 . S .
Hi:o01 # 03 Friem dinh = Fa/2,n-1, m—1 hoac Frigm dinh < F1-4/2,n-1, m-1
2 2
Hl- 01 < 03 Fki(%"m dinh < Fl—a, n—-1, m-1
i/ 2 .
Hy: i > 0y 1:“kiém dinh = Fa,n—l,m—l




OFl-a
= F

Khoang bac bo: Fyjem dinh = Fl—a, n—-1, m-1

| F
0 Fian For

= ——

Khoang bac bo: Fkié’m dinh = Fa/z, n-1, m-—1 hOé.C Fkié’m dinh < F1—a/2, n-1, m—-1




Cach Tra Cu Phan Phoi F

* St dung bang.

* Str dung hai ham sau day cho phan phoi dé tinh gia tri t6i han

hoac p-value.

F.DIST ()
F.INV()




Vi Du:

» Vi du: Hai mau c6 hai gia tri phwong sai mau la S = 9.2, 57 =
4.3 véi cd mau lan = 25 va m = 20. Hay kiém dinh xem

phuong sai cia phan phdi tong thé nay ¢ bang nhau hay

khong voi mtc a = 0.05.




Chu Y:

* Gia dinh phan phoi chuan la rat quan trong dé kiém dinh cho

két qua tin cay.

- Néu nghi ngd mau khong dén tir phan phdi chuén, ching ta c6

thé kiém dinh tinh chuan cta phan phdi (tuan tiép theo).




Phan Tich ANOVA Mot
Chiéu




So Sanh Gia Tri Trung Binh Nhiéu Mau (1)

- Gia stt chtng ta ¢6 k nhdm bién ngau nhién ddc 1ap X4, X5... Xy
c6 phan phéi chuln, véi k gid tri ki vong khéc nhau y,,

Uy, ..., lix va phurong sai bang nhau o2.

e Moi X; (i = 1,2, ... k) nhdm c6 cO mau nq, n,, ..., n.

« Vidu: X1 = {X11,X12, . X1n,}

» Cac tham sO uy, Uy, ..., dx va % déu la an so.




So Sanh Gia Tri Trung Binh Nhiéu Mau (2)

* Phan tich ANOVA mot chiéu (one-way ANOVA) c6 thé duoc
thuwe hién dwa vao gia thuyét H, va H; nhw sau:

Ho: py =pp ==y
Hl: HO khﬁng dﬁng




Vi du: Hién thwc hoa cho sttt TPHCM TTHué DiénBién

~ ~ A . 1 164.5 163.1 171.5
mau ngau nhién chieu > 1689 1735 157.2
o S . 3 158.6 172 1635
Cao glua 3 tinh (cm) 4 158.4 165.1 164.5
5 162 167 165.9
. Miu nav ebm: 6 165.3 176.2 164.2
y §0m. 7 171.9 173 .4 159.7
X: = (X0 Xeo i Xs. 3 169.8 159 169.3
1= X0 X52 120) 9 160.9 166.7 163.2
XZ — {XZ; 1» XZ; 2y aes 'X2;15} 10 170.2 180.6 165
_ 11 179.7 1771 156.3
X3 = {XS: 1, X3; 2, ""X3:18} 12 178.5 170.3 161.5
+ C& mAu Ian luot 1 20, 15 va 18. 15 1682 1706 160.6
14 162 168.4 160.3
15 171 172.1 166.7
16 166.6 1683
17 173.1 164
18 175.4 164.2
19 168.7
20 1815




Bién Pong Nhat

E(Y) = E(E(Y]|X;)) = E(Y|X;)

Nguén: https://en.wikipedia.org/wiki/Analysis of variance



https://en.wikipedia.org/wiki/Analysis_of_variance

Bién Khong Dong Nhat Gia Tri y;

E(Y]X,)

E(Y[X)

E(Y)=E(E(Y]Xj)

E(Y[Xy)

E(Y]X))

Xy

Nguon: https://en.wikipedia.org/wiki/Analysis of variance



https://en.wikipedia.org/wiki/Analysis_of_variance

Tong Binh Phwong (Sum of Squares)

* Tong binh phwong gitta k nhom * Chung ta c6 thé chiing minh dwoc:
(among-group variation): SSr =SS, + SSy
k _ _3 .
SS, = Z n; (X, — X) vor
, =1 o Z j=1 Zl 1 l] \ ’
* Téng binh phwong ndi nhém (within- o X =——=—"rtrung binh lon.

group variation): o Xj: gia tri trung binh ctia bién X; (j =

1,2,..k).
SSy = Z 12 (Xij — )
i .,

o Xjj: gia triitrongbién X; (j = 1,2,..k).
* Tong toan bd binh phuong (total

O . o M =ny+n,+ -+ ng tong s6 bién ngau
variation): L ke FONS 5

nhién.

k nl -2 B
S5t = E E (X ij — X ) o k s0 lwgng nhom bién ngau nhién.
j=1 lmd =1




Tong Binh Phwong (Sum of Squares) (1)

Ho: 1 =pp ==
H;: Hy khong dung

Frigm dinh ™~ F(k—1,n—k)

Bac tw do phéan Tong binh Trung binh ctia tong Gia tri Fyiem dginn
phéi y? cta SS/o? phuong binh phuwong
(Mean Square)
MSA
Gitra cdc nhém _ S5, Frism dinh = ———
(Among groups) k=1 534 MSA =+—7 | MSW
SS
No6i nhém & 53 MSw = —X
(Within groups) w n—k
Tong toan bo n—1 SSt




Gia Tri Kiém Dinh va Khoang Bac Bo

* Gia thuyét

Ho: my = pp == i
Hl: HO khéng dl:lng

* Gia tri kiém dinh:
Friem dinh ™ Ftk—1,n—-k)

» Khoang bac bo voi mire do tin cay a:

Fkié’m dinh = Foc, k—1,n-k 0 Z F




Phan Tich ANOVA Mot Chiéu

« M6 hinh ANOVA mét chiéu c¢é thé dugc viét dudi dang:
Yij=w+&,
vOi
o i=1,2,3,..,n;laso thi tw cAc quan sat trong cuing 1 nhém.
o j=1,2,3,...,k1aso tht tu dén cac nhém bi dnh hudng (treatment groups).
o pj la trung binh cho tirng nhom bi anh huong

o &~ N(0,0?) la sai s6 c¢6 phan phdi chudn va doc lap véi nhau cho tat cai va j.

* Gia tri trung binh va phwong sai cua Y ;:
E(Y;) = uy, Var(Y;;) = o




Vi du: Mau cho chiéu cao gitra 3 tinh (cm)

stt TP HCM TT Hué Pién Bién

1 164.5 163.1 171.5

2 168.9 173.5 157.2 « Bién ngau nhién cho titng gia tri quan sét
3 158.6 172 163.5

4 158.4 165.1 164.5 viét chungla'y; ;

2 11665%3 11766?2 124512 * C6 3 nhém (bi anh hwdng) nén j = 3.

7 171.9 173.4 159.7 . 3 \ . ) , _

5 1608 15 1693 Trung binh titng nhém la E (Yz,1) = Uy,

9 160.9 166.7 163.2 E(Yi,z) = U,, E(Yi,B) = Us.

10 170.2 180.6 165

11 179.7 177.1 156.3 * Banhdm déu cé sai sO xung quanh gia tri
12 178.5 170.3 161.5 . A 1A ~

13 1682 170.6 160.6 trung binh nhu nhau, do léch chuan o.

14 162 168.4 160.3 * Vidu: gia tri hién thuc hoa (mau quan sat):
15 171 172.1 166.7

16 166.6 168.3 Y31 =158.6, Y, = 176.2

17 173.1 164

18 175.4 164.2

19 168.7

20 181.5




Phan Tich ANOVA Hai Chiéu (two-way
ANOVA)

* M6 hinh ANOVA hai chiéu c6 thé dwgc viet dudi dang:
Yij=u+vi+ Wy +ejx

- Gia dinh vé bién ngau nhién trong ti nhie phan tich ANOVA mot chiéu.

So sanh chiéu cao cua tré 2 tuoi

Nhom B
Thanh thi Nong thon
Cac nhom gia thuyét:
« Khong c6 su khac biét gitta nhom hai nhom st dung stra.
* Khong c6 su khac biét gitta nhom nong thon/ thanh thi.
* Khong c6 su trong tac gitta cac nhom A va nhom B.

Stt dung stta me

Nhom A
Stt dung stta cong thttc




Gi6i Thiéu Vé M6 Hinh H6i Quy

* M6 hinh héi quy don gian mét bién phu thudc (simple regression model):
Yi = fo + B1X; + &
« Két qua hoéi quy la trung binh c6 diéu kién:
E(VilX; = x1) = Bo + B1Xi
« Khi bién X; la bién dinh tinh, kiém dinh tr phan tich ANOVA tuong tw
kiéem dinh nhw mo hinh héi quy don gian.

* Vidu: bién gia (dummy variables) nam/ nt.

* Bién dinh tinh con ¢ thé khai quat thanh mot hay nhiéu bién dinh lwong;:
Yi = Bo + B1X1i + B2X2i + - BreXii + &




So Sanh M6 Hinh ANOVA va Hé6i Quy Pon Gian

* M6 hinh ANOVA mbdt chiéu
Yij =W+ &
+ Co mau cd thé khac nhau cho
titng j, nén phai viét thanh Y; ;.
* uj la mot (an) s6 co dinh, khong
phai la bién ngau nhién.
* E(Y;;) = pj hodc E(Y;) =

* M6 hinh hoi quy don gian:
Y; = fo + p1X; + &
Y = ﬁo + ﬁ]_X + &£

« C& mau chunglan:i =1,2,3,..n

* Bo, 1 1a tham (an) s6 can wdc
lwong.

* Y; va X; la (thwong) bién lién tuc
nén khong can phan thanh cac
nhém j khac nhau.

* ECY;1X; = x;) = Bo + B1X; hodc
EY|X=x) =P+ B:X




Chu Y Vé Thuat Ngit Va Ki Hiéu

¢ Phan kinh té lwong (econometrics), thuat ngt duwgc sir dung nhu sau:
y=PB+F1x+u
Vi = Bo + B1x; + u;

* y,x la viét chung cho hién twong can nghién cttu (lwong, thu nhap, sé nam di
hoc,...); va cing hiéu nhw la bién ngau nhién dé thyc hién nghién cttu dinh lwong
dung ly thuyét xac suat, thong ke.

* y;,x;, 1a bién ngau nhién, dwoc hiéu 1a mot quan sat thi i trong mau n quan sat
ciing dwoc thu thap tte hién tueong y, x.

* Viét y;, x; thuong dé tién cho viéc giai thich cong thirc tinh toan.

¢ Gia dinh can ban nhat la tirng cap (y;, x;) la cac cap bién L1.D.
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