BAl 4 THi NGHIEM HAI NHAN TO

I- NQI DUNG

Gia sir ¢6 2 nhan to, nhan td A ¢6 a mirc, nhan té B ¢6 b mirc, mdi cong thuec thi
nghiém 12 mot to hop A B;.

Néu chi so sanh cac cong thirc thi c6 thé xem xét tic dong chung ctia hai nhan t6 va
dung cac kiéu bd tri thi nghiém mot nhan té véi axb mic ¢ chuong 3.

Néu mudn khao sat anh hudng riéng ctia tirng nhan tb A, B va tuong tac giita hai
nhan td AxB thi phai bé tri thi nghiém hai nhan t6 (two factors ) hay con goi 1 hai cach
sap xép (two way classification).

C6 4 kiéu b tri thi nghiém hai nhéan t6: Truc giao (Orthogonal) hay chéo nhau
(Crossed); Phan cép (Hierachical) hay chia 6 (Nested); Chia 6 (Split plot); Chia bing
(Strip plot hay Criss cross).

Mdi kiéu bb tri duge md hinh hoa kém theo cach phan tich phuong sai tuong tu nhu
truong hop mot nhan tb.

Hai nhén t6 trong chwong nay dwoc coi 1a ¢6 dinh (Fixed). S6 1an Lip ciia cong
thire bi‘mg nhau.

a- HAI NHAN TO CHEO NHAU HAY TRUC GIAO (Crossed hay Orthogonal)

KIEU BO TRi HOAN TOAN NGAU NHIEN (CRD).

Nhan té A c6 a mirc, ky hiéu 1a A1, Az, ..., As, nthan t6 B ¢6 b mirc By, By, ..., B

Mbi cong thire 1a mot to hop Ai Bj duoc I3p lai r 1an. Tat ca ¢6 n = abr 6 thi nghi¢m.

Néu b6 tri kiéu hoan toan ngau nhién (CRD) thi phdi ding n phiéu, bit thim r phiéu
dé bd tri cong thirc A1B1, sau d6 bit thim r phiéu dé bd tri cong thirc A1Bo,..., r phiéu
cudi ciing danh cho cong thirc AaB.

al- Sap xép sb liéu

Nhén to B Tong TA;
Nhin to A B1 B2 L Bb
X111 X121 X1b1
X112 X122 X1b2
A1 - - -
X11r X12r Xibr
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TAB11 TAB12 TAB1p TA;
X211 X221 X2b1
X212 X222 X2h2
Ao - Ce
X21r X22r Xobr
TAB2; TAB2 TAB2, TA,
Xa11 Xa21 Xab1
Xa12 Xa22 Xab2
Aa o
Xa1r Xazr Xabr
TABa1 TABa2 TABap TAa
Tong TB; TB: TB: TBs ST

a2- Mo hinh toan hoc

‘ Goi xijk 12 két qua thi nghiém tai mirc Aj ctia nhan t6 A, mtrc Bj cia nhantd B va
lan 1ap k
Xijk=pn + aoi +Bj+ (af)ij + eijk

u la trung binh chung, ai la phan chénh léch so véi trung binh chung do tac dong cta
murc Ai ctia nhan td A., Bjla phan chénh léch so vdi trung binh chung do tac dong cua
mirc Bj ctia nhan td B, (of)ij 1 phan chénh léch so vdi trung binh chung do twong tc
cta hai mic Aj va Bj ( sau khi trir di tac dong cia Aj va tac dong cua Bj)
€ijk 14 sai s0 ngau nhién, gia thiét doc lap, phan phdi chuan N(0,62)

a3- Céng thirc tinh (Chi diing khi s6 1in Lip bang nhau)

Phuong phap phén tich phwong sai hai nhan té (two way anova) duoc tién hanh
tuong tu nhu ddi véi mot nhan to.

Trude hét tinh tong binh phwong chung SSTO, sau d6 tach thanh 4 tong binh
phuong: tong binh phwong do nhan té A SSA, téng binh phwong do nhan t6 B SSB, tong
binh phuong do twong tic A x B SSAB , phin con lai 13 tong binh phwong do sai s6 SSE.
Bac tu do chung dfTO ciing dugc tach thanh 4 bac tu do: bac tu do dfA cho SSA, bac tu
do dfB cho SSB, bac tu do dfAB cho SSAB, phﬁn con lai la bac tu do dfE cho SSE.

Tinh cac tong binh phwong va cac bac tw do nhu sau:

Tong sb 6 thi nghiém  n=abr
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Tong tat ca cac sb liu ST = DD Xijk
i K
S6 diéuchinh G = ST?/n

2 r r 9
Tong cac so liéu trong cac 6 Aix Bj TABij= Z X (tong voimoi k=1,1)
k=1
2 r b r 2
Tong céc s0 ligu ng véi mic Ai TAi = D> x;, (tong véi moik =1, r;j=1,b)

i=1 k=1

I3

)
Tong céc s0 ligu Grng véi mire Bj TBj= Y > x, (tong voimoi k=1,r;i=1,a)
i=1 k=1

) b r N
Tong binh phuong toan b SSTO = > > >'x3 - G (tong véimoi i=1,a

a
i=1 j=1k=1

j=1,b; k=1,r)
Tong binh phuong do nhantd A SSA= Y TA?/br-G (tong véimoi i=1,a)

i=1

9 ’ b 9
Tong binh phuwong do nhan t6 B SSB = ) TB? /ar - G (tong voi moi j= 1, b)
-1

\ a b
Tong binh phuong do twong tic ~ SSAB= > > 'TABZ/r - G - SSA - SSB
i1 j=1
(tong véimoii=1, a;j =1, b)

Tong binh phuong do sai s6 SSE = SSTO -SSA -SSB - SSAB

Bac twr do cua SSTO dfTO= abr- 1 Bactwudocua SSA dfA=a-1

BactydociaSSB  dfB=b-1 Béac ty do cia SSAB  dfAB = (a -1)(b-1)

Béac tu docua SSE  dfE =dfTO -dfA - dfB - dfAB = ab(r - 1)

Tong binh phuong trung binh msA = SSA / dfA

msB = SmB / dfB msAB = SSAB / dfAB
msE = se? = SSE / dfE

Céc gia tri F thyc nghiém dé kiém dinh gia thiét:

Fina = msA / msE

Fins = msB / SmE

Finag = mSAB / SmE

Céc gia tri Flt t6i han (ngudng ) dé so sanh

Fia = F(a,df A, dfE) Fie = F(o,dfB,dfE)
Firas = F(o,dfAB,dfE)

Tom tit két qua vao trong bang:
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Bang phan tich phwong sai (Anova table)

Nguon Bac Tong binh  Binh phuong Ftn Flt

bién dong  tu do phuong trung binh

Nhantd A  dfA SSA msA= Fina = F(o,dfA, dfE)
a-1 SSA/dfA msA/ msE

Nhanté B dfB SSB msB = Fing = F(a,dfB, dfE)
b-1 SSB/dfB msB/msE

Tuong tac  dfAB SSAB msAB = Finag = F(o,dfAB,dfE)

AxB (a-1)(b-1) SSAB/dfAB  msAB/ msE

Saisb E dfE SSE msE = se?
ab(r -1) = SSE/ dfE

Toanbo  dfTO SSTO
abr-1

a4- Kiém dinh gia thiét

C6 3 gia thiét dugc dua ra:

Hoa:“ Tat ca cac o déu bang khong” doi thiét Hia:“Cé oi khac khong™.

Nhu vay néu chap nhan gia thiét Hoa tirc 1a chdp nhan gia thiét “Cac mic Aj cua
nhan td A cho két qua trung binh nhu nhau (hay khong khac nhau 1 rét)” con chap nhan
Hia 13 chap nhan gia thiét “Cac mirc Ai ctia nhan té A cho két qua trung binh khong phai
nhu nhau”

Céc két luan trén déu 1a két luan thong ké c6 muc tin cay P, con o trong Flt 1a muc y
nghia o =1-P.

S0 Fna v6i Fia ta c6 két luan: Néu Fina< Fra chép nhan Hoa

Néu Fina > Fra bac bo Hoa, tirc 1a chap nhan Hia
Déi voi cac gia thiét vé B va AB ta c6 cac cach so sanh va két luan tuwong tu.
Gia thiét Hog:* Tat ca cac Bj déu bang khong” d6i thiét Hig:* C6 Bj khac khong”
So sanh Fng va Fie dé két luan.
Gia thiét Hoas:“ Tét ca cac (ap)ij déu bang khong “ ddi thiét Hiag:* C6 ()i
khac khong”. So sanh Finap v6i Frag dé két luan.
a5- Hai nhan t6 chéo nhau kiéu bd tri khoi ngiu nhién diy di (RCBD)

BG tri thi nghiém 2 nhan t6 kiéu CRD don gian va dé phan tich nhung s6 luong 6
thi nghiém n 16n do d6 dbi voi hai nhan té thuong bb tri kiéu RCBD, tuc 1a bd tri theo
khéi ngiu nhién day du, mdi khdi chira du axb cong thire AiBjva chi bit thim ngiu nhién
trong tirng khéi. Lic nay chi s6 k trong xij khong phai 1 1an lip ma la khéi.
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Bang phan tich phuong sai thém dong khdi c6 bac ty do dfK =r - 1
Tong binh phwong do khbi SSK =2TK?%/ab -G voik=1,r
Téng binh phuong do sai sé SSE = SSTO -SSK - SSA - SSB - SSAB
Bac tu do dfE = dfTO -dfK - dfA - dfB - dfAB
Khéi dwoc coi 1a mdt yéu t6 han ché va thwong gia thiét 13 nhan t6 ngiu nhién
B- HAI NHAN TO BO TRi KIEU CHIA O (SPLIT-PLOT)

Trong thiét ké thi nghiém c6 nhan t6 phai thuc hién trén cac 6 c6 kich thudc 1on
nhu phuong phap 1am dét, ché do nudc, cong thirc bon 16t, cach phong trir sau bénh, thoi
vu tréng. .., ¢6 nhan t6 c6 thé thuc hién trén 6 nho nhu giéng, matdo, ...

Ciing c6 khi dang tién hanh thi nghiém mot nhan t6 chung ta lai mudn bd sung vao
thi nghiém mot nhén t6 nira.
Thi nghiém chia 6 nham dap ng hai Iy do néu trén va thudng gom r khéi (mdi khéi
14 mot 1an lap va dugce coi 14 yéu td ngiu nhién), chia méi khdi thanh a 6 16n dé bo tri a
mirc ciia nhan t A (nhan to thuc hién trén 6 ¢6 kich thudce 16n), mdi 6 16n lai chia thanh
b 6 nho dé bd tri b mirc ctia nhan té B (nhan t6 thuc hién trén 6 nho, hodc nhan t6 ching
ta mudn bo sung thém vao thi nghiém dang thuc hién ddi vdi nhan t A).
bl- Sip xép so liéu
Thi dy: Thi nghiém ning suét lta véi nhan t6 A 1a ngay trong D(6 16n), nhan t6 B
gidng V (6 nho)

Khéi I Khoi IT Khoi III
D2 D1 D3 D1 D2 D3 D1 | D2 | D3

V2 V1 V1 V4 V2 V4 V1 | V3| V4
V3 V4 V3 V1 V3 V1 V3 | V1| V2

V1 V2 V4 V3 V1 V2 V2 | V2| V1
V4 V3 V2 V2 V4 V3 V4 | V4| V2

TK; TK> TK3
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Sép xép sb liéu thanh bang Nhan t6 A x khoi
Bing Nhin t6 A x khéi (TAKi| A la ngay D, K 1a khéi)
(Tong theo cac gibng V)

K1 Ko Ks TA;
A1 TA1K; TA1K, TA1K3 TA1
A2 TA2K1 TA2K2 TA2K3 TA2
Az TA3K: TA3K: TA3K3 TAg3
TK; TK1 TK> TK3 ST

Sép lai sb liéu thanh bang hai nhan td A, B
Bang Nhin to6 A x Nhén t6 B (TABjj A la ngay D, B la giong V)

(Tong theo cac khdi)
B1 B. Bs Ba TAI
Al TAB: | TAiB2 TA1Bs | TABs TAL
A2 TAB1 | TAB: TABs | TA:Bs TA2
A3 TAsB: | TAsB: TAsBs | TA3B4 TAs
TB; TB: TB:> TBs TB4 ST

b2- M6 hinh toan hoc , ,
Goi xijk la keét qua thi nghi€ém tai mirc Aj cua nhan t6 A, mac Bj ciia nhan to
B va tai khoi k.
Xijk=p + v + o + ()i + Bj + (By)ik +(aP)ij + eijk
Trong d6 p la trung binh chung
vk 12 phan chénh léch do tac dong cua khi k
ai la chénh I€ch do tdc dong cia murc Ai cuia nhan td A
(ay)ik 12 chénh 1éch do twong tac gitra khdi k va murc A,
B jla chénh léch do tac dong ctia mirc Bj cua nhan td B
(of)ij la chénh 1éch do tac dong cua trong tac AiB;j
(BY)i 1a chénh 1éch do twong tac giita khéi k va mirc B;.
(Thwong bo qua twong tdc nay, tirc la coi nhuw moé hinh khong co twong tdac
khéi * nhén t6 B).
eijk la sai sé duoc gia thiét doc lap, phan phdi chuan N(0,c2).
b3- Céng thire tinh (Chi dung khi s6 1an lip bang nhau)
N=axbxr S6 diéu chinh G =ST?N
Trung binh toan by ytb = ST/ n
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SSTO = =33 X%ijk - G
SSK = X TK%/ab - G
SSA = X TA?/br - G
SSB = T TB?/ar - G
SSAK =X 2 TAK?%/b- G - SSA -SSK
SSAB =X X TAB?j/r- G - SSA -SSB
(néu cé twong tac Khoi * nhdn té B thi phdi ldp bang hai chiéu TBKjk sau do tinh
SSBK = X X TBK%i/a- G - SSB - SSK)
SSE = SSTO - SSK - SSA - SSAK - SSB - SSAB
( néu c6 twong tic Khoi * nhdn to B thi phdi trir thém SSBK )
Bac tw do:
dfTO=abr- 1 dfK =r -1 dfA =a-1 dfAK = dfOL = (a- 1)(r-1)
diB = b-1 dfAB=>@-1)(b-1)
dfE =dfON = a(r-1)(b-1)
(Néu c6 twong tac Khoi * nhdn té B thi phdi tinh bic tw do ciia twong tdc
dfBK = (b-1)(r-1) va tinh lai bic tw do dfE = (a — 1)(b —1)(r -1))
Cdc binh phwong trung binh
msK = SSK /dfK
msA = SSA /dfA
msAK = SSAK /dfAK = msOL =s%.;  SoL dugc dung lam sai s6 6 16n
msB = SSB /dfB msAB = SSAB /dfAB
msE =SSE/dfE = msON=s%n;  Son lasaisb 6 nho
(Néu cé twong tic Khoi *nhdn to B thi tinh thém msBK = SSBK / dfBK)
Céc Ftn dé kiém dinh gia thiét

Fina = mSA /msOL so v&i Fia = F(a,dfA,dfOL)

Fins = msB /msON so vo1i Fis = F(a,,dfB,dfON)

(Néu c6 twong tic Khéi * Nhdn t6 B thi FtnB=msB/msBK so véi F(a,dfB,dfBK))
Finas = mSAB /msON so voi Firag = F(a,,dfAB,dfON)

Trudng hop khong c6 twong tic Khéi * nhan td B thi bang phan tich phuong sai co
dang sau:
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Bang phan tich phwong sai

Ngudn BP df SS ms Ftn Flt
Khbi r-1 SSK msK
Nhan td A a-1 SSA msA | msA/msAK | FItA
Sai s6 6 16n msAK=
(Tuong tac AK) | (a-1)(r-1) | SSAK | msAK |s?0OL
Nhan td B b-1 SSB msB msB/msE FItB

Tuong tac AB (a-1)(b-1) | SSAB msAB | msAB/msE | FItAB

Sai s6 6 nho a(b-1)(r-1) | SSE msE | msE=s?0ON

Toan b n-1 SSTO

b4- Kiém dinh gia thiét
Nhén t6 trén 6 16n 14 ngdy trong c6 3 muic D1, D2, D3

Gia thiét Hoa: “Cac o bang khong , ddi thiét Hia : “C6 oi khéac khdng”.
So Fina v6i Fira dé dua ra két lugn,

Nhén t6 trén 6 nho 13 gibng c6 4 mic Vi, V2, Vs, Vs

Gia thiét Hog : “Cac B j bang khong », dbi thiét Hig: ” CO B j khéac khong”
S0 Fing v6i Fig dé dua ra két luan.

Déi v6i twong tac ngay trong x giéng

Gia thiét Hoas : “ Khong c6 tuong tac giita A va B”

Péi thiét Hiag:” C6 tuwong tac giita A va B”

s0 Finas v6i Firag dé dua ra két luan.

msOL
br

Céc ning suat trung binh tai D1, D2, D3 ¢6 sai sd: Sya =

Sai s6 khi so 2 trung binh sda = ,/msOLx b_zr

LSD khi so 2 trung binh LSDa= t(o/2,dfOL)*sda

msON

Céc nang sudt trung binh cta 4 giéng Vi, V2, V3, V4 c6 saisé syg =
ar

Sai s6 khi so 2 trung binh sds = ./msON xi

LSD khi so 2 trung binh LSDg= t(c/2,dfON)x sdg
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Céc trung binh ctia cong thirc Ai X Bj ¢6 sai sb

msON

r
Sai s6 khi so trung binh ciia 2 cong thirc Ai X By, Ai x By (2 cong thic trén 2 6 nho
c6 cung mirc Aj ciia nhin to A)

sdas1 = ,/msON ><g
\ r

LSD khi so 2 trung binh LSDag1 = t(o/2,dfON)X sdag1

SyAB =

Sai s6 khi so 2 trung binh ciia 2 cong thirc Ai X Bk va Aj x Bk hay Ai x Bk va Aj x B
( 2 cong thirc trén 2 6 nho c6 mire Ai va Aj Khac nhau ciia nhén t6 A)

2[(b —1)msON + msOL

sdag2 = {/— or -

LSD khi so 2 trung binh LSDag2 = t(c/2,dfas2)X Sdag2

(b—1)msON xt(ex/2,dfON)+msOLxt(a/2,dfOL)
(b—1)msON + msOL

Vi t(o/2,dfag2) =

Nhu vay trong thi nghiém hai nhan t6 chia 6 viéc phan tich phtic tap hon so véi hai
nhan t tryc giao va ¢ 2 sai s6 thi nghiém dé kiém dinh gia thiét, sai s6 6 16n va sai s6 6
nhd, sai s6 6 16n thudng to nén viéc kiém dinh gia thiét dbi véi trung binh cua nhan tb
trén 6 16n kém chinh x4c hon viée so trung binh cta nhan té trén 6 nho.

Hé s6 bién dong trén 6 16n CV(A) = (seoL / ytb) x 100
Hé sd bién dong trén 6 nho CV(B) = (seon / ytb) x 100

C- KIEU BO TRi HAI NHAN TO CHIA BANG (Strip plot hay criss cross )
Néu hai nhan t6 doi hoi phai bb tri trén cac 6 ¢6 dién tich 16n thi c6 thé b tri kiéu
chia bang. Viéc phan tich phtrc tap hon bd tri truc giao va hai nhan t6 ¢6 hai sai s6 khac
nhau dé udc lugng trung binh va so sanh cac trung binh.
Thudng bd tri khdi ngdu nhién day di. Mdi khéi chia thanh a bang (dai) doc bd tri
ngiu nhién a mc cua nhan t6 thir nhat A. Chia khdi thanh b bang ngang bd tri ngiu

nhién b mtrc ctia nhan té tht hai B. Viéc bé tri ngau nhién duoc thyc hién riéng cho tirng
khéi. Hai nhén t6 déu gia thiét 1 ¢ dinh.
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cl- Sip xép so licu
Nhan té A bo tri trén biang doc, nhan té B bd tri trén bang ngang
M&i khéi s& bat thaim ngdu nhién dé bd tri bang ngang va bing doc.
Thi du khdi 1:

A3 A2 Al AS A4
B2 B2 B2 B2 B2
B3 B3 B3 B3 B3
B4 B4 B4 B4 B4
Bl Bl Bl Bl Bl

c2- MO0 hinh toan hoc
Xijk=p + v + oo + (ap)ik + Bj + Bk +(af)ij + eijk

Trong d6 p la trung binh chung

vk 1a phan chénh 1éch do tac dong cua khdik

ai la chénh Iéch do tdc dong ciia murc Aj cua nhan td A

(ay)ik 14 chénh 1&ch do tuong tac gitra khdi k va mirc Aj

B jla chénh léch do tac dong ctia mirc Bj cua nhan td B

(BY)ik 1a chénh 1éch do tuong tac gitta khdi k va mutc Bj

(of)ij la chénh 1éch do tac dong cua trong tac AiB;
eijk 1a sai sb duoc gia thiét doc 1ap, phan phdi chuan N(0,c9).

c3- Cong thire tinh (Chi dung khi s6 1an 1ip bang nhau)

Lap 3 bang 2 chiéu
Bang Tong theo Nhan td A va khdi K, tong theo nhan t6 B va khdi, tong theo
nhan to A va nhan té B , ,
Bang Nhan to A x khoi (TAKi|)
(Tong theo cac Bj)

K1 K> Ks TA;
A1 TA1K: TA1IK? TA1K3 TAL
Az TA2K, TAK2 TAK3 TA2
As TAsK: | TAsK: TAzK3 TA3
Aq TAK: | TAK: TA4K3 TA4
As TAsK: | TAsK: TAsK3 TAs
TK; TK1 TK2 TK3 ST
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Bang nhan t6 B x khdi (TBKj)
(Tong theo cac Aj)

Ko Ks TA;
Bi TB1K1 TB1K> TB1K3 TA1
B TB2K; TBoK> TBoK3 TA,
Bs TB3K1 TB3K> TB3Ks3 TA3
B4 TB4K; TB4K> TB4K3 TA4
TK; TK1 TK> TK3 ST
Bing Nhian to A x Nhian t6 B (TAB;)
(Tong theo cac khbi)
B1 B, Bs B4 TAI
Al TA1B; TA:1B> TAB3 TA1B4 TA:
A2 TA2B1 TA2B> TA2B3 TA2B4 TA,
A3 TAszB1 TA3B? TA3zB3 TAzB4 TA3
TB; TB1 TB: TB3 TB4 ST
N=axbxr S6 diéu chinh G = STYN

Trung binh toan by ytb = ST/ n

SSTO = XX X%ijk - G

SSK = X TK%/ab - G
SSA = X TA?%/br - G
SSB = T TB%/ar - G

SSAK =X 3 TAK?k/b- G - SSA -SSK
SSAB =X X TAB?%j/r - G - SSA -SSB
SSBK = X X TBK?/a- G - SSB -SSK
SSE = SSTO — SSK - SSA — SSAK — SSB — SSBK - SSAB
Cac bac tu do
dfTO=abr- 1 dfK =71 -1
dfA =a-1
diB = b-1 dfBK = (b- 1)(r-1) bac ty do cua bang ngang

dfAB =(a-1)(b-1)
Cac binh phuwong trung binh
msK = SSK /dfK
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msA = SSA /dfA

dfAK = (a- 1)(r - 1) bac tu do cta bang doc

54



msAK = SSAK /dfAK = s%gp  sgp duoc dung lam sai s6 bang doc
msB = SSB /dfB
msBK = SSBK / dfBK = s?BN sen duge dung 1am sai s6 bang ngang
msAB = SSAB /dfAB
mSE = SSE /dfE = s% s 1a sai s6 con lai dugc dung lam sai s cho twong tic AB
Fina = MsSA / msAK; Fing = msB / msBK; Finas = mMsAB / msE
c4- Kiém dinh gia thiét
Gia thiét Hoa: “Gia thiét Hoa: “Céc ai bang khong », d6i thiét Hia : “C6 ai khac
khong”. S0 Fma v6i ngudng Fra = F(a,dfA dfAK) dé rat ra két luan.
Gia thiét Hos: “Cac P j bang khong , ddi thiét Hig : ”C6 P j khac khong”
S0 Fimg v6i ngudng Frg = F(o,dfB,dfBK) dé rat ra két luan.
Dbi véi tuong tac AB
Gia thiét Hoas : “ Khong co6 tuong tac gitta A va B”
Pbi thiét Hiag:” C6 tuwong tac giita A va B”
s0 Finag vOi ngudng Fias = F(o,dfAB,dfE) dé rut ra két luan.

c5- So sanh céac trung binh

Trung binh ctia mitc A cua nhantd A ¥, = TAi/ br c6 sai s /mZ':‘K

2msAK

Hi¢u 2 trung binh ctia 2 mirc Aiva Aj V- ¥, c0 sai sO .
r

Nhan véi t(o/2, dfAK) dugc LSD

msBK
ar

Trung binh cua mirc Bj cua nhantdé B y,; = TBj/ ar co saiso

Hi¢u 2 trung binh ctia 2 mic Biva Bj yg; —Vg; c0 sai s6 N ZmaSEK

Nhan véi t(o/2, dfBK) duge LSD

Trung binh ctia cong thirc ABij ¥i;= TABij /1 ¢0 sai sb 1/m78E

Hiéu cua 2 trung binh cua 2 cong thirc khdc mic A nhung cuing muc B
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(b —1)msE + msAK |
br

(b—1)msE.t(ar/2,dfE) + msAK.t(a/ 2, dfAK) duoc L
(b —1)msE + msAK

_ _ o2 ]2
yAin_ijBk €O sa1 SO \/

Nhan voit = SD

Hiéu cua 2 trung binh cuta 2 cong thirc cing muc A nhung khac muc B

(a—1)msE +msBK |
ar

U N . X 2
Yaisk —Yaigi €O saiso \/[

(a—1)msE + msBK

Nhan voit = SD

D- Hai nhan t6 phin cip (Nested hay Hierachical)
d1- Sip xép so liéu

Gia sit A ¢6 4 mirc, B ¢6 3 mirc lip lai 5 lan

A A Az Ay
B B> Bs B. Bs Bs B Bs Bo Bio | Bu | Br
V1 V2 V3 V1 V2 V3 V1 V2 V3 V1 V2 V3

X111 X121 X131 | Xo11 X221 X231 X311 X321 X331 X411 X421 X431

X112 X122 X132 | X212 X222 X232 X312 X322 X332 X412 X422 X432

X113 X123 X133 | X213 X223 X233 X313 X323 | X333 X413 X423 X433

X114 X124 X134 | X214 X224 | X234 X314 X324 X334 X414 X424 X434

X115 | X125 X135 | X215 X225 | X235 | X315 | X325 | X335 | X415 | X425 | X435

T [Tz | Tz | Ta Tz | Tos | Tar | Ta2 | Tas | Tan | Taz | Tas
TAl TA2 TA3 TA4

Mobi mirc ctia A ghép véi 3 mirc cia B do d6 c6 tat ca 12 mirc B (B1 — B12) nhung

trong bang chung ta ghi lai mdi mirc A ghép v6i 3 mire B va ghi la V1, V2, V3 nhu vay
i=4,j=3,r=5,
d2- M6 hinh toan hoc

Goi xijk la két qua thi nghiém tai mirc Aj ctia nhan t6 A, mirc Bj cua nhantd B va

lan lap k.
Xijk=p + o *+PBjp + Eijk

u la trung binh chung, ai 1a phan chénh Iéch so véi trung binh chung do tic dong cia
mirc Ai ctia nhan td A., Bji 12 phan chénh léch so vdi trung binh ctia mirc Aj do tac dong
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clia mirc Bj ctia nhan t6 B tai mirc i cia nhantd A | eijk 1a sai sO ngdu nhién, gia thiét
doc 1ap, phan phdi chuan N(0,62).
d3- Cong thirc tinh (Chi dung khi s6 1an 13p bang nhau)
Nhanté A c6 a mirc, mdi mirc cua nhan té A ghép véi b mirc cua B, mbi t6 hop
AB;j lap lai r lan.
N=axbxr S6 diéu chinh G = ST?N
Trung binh toan by ytb = ST/ n
Tinh tong cic Xij trong tirng cot ij goi 1a TABjj (viét tat 1a T)
Tinh tong tit ca cac Xik Ung v&i muc Aj goi 1a TA;
Tom tit cac cong thire tinh vao bang phan tich phuong sai

Béang phan tich phuong sai

Ngudn Béc tu do Tong binh phuong SS Binh phuong
bien dong Df trung binh mS
Nhantd A | dfA=(a-1) |SSA= Za:Tbi:_ msA =
- SSA / dfA
Nhant5 B | dfB=a(b-1) | ggp = iiTABﬁ G msB =
e T SSB/ dfB
Saisd e dfE=ab(r-1) | SSE msE =
SYY Y, ZZTABfJ SSE / dfE
r
Toan bd dfTO=abr-1 | SSTO = ZZZ xfjk -G

Thudng trong mo hinh phan cip hai nhan t6 A, B 13 nhan t6 ngdu nhién hodc A la
nhan té ¢b dinh con B 14 nhan t6 ngau nhién, do d6 trong bang phan tich phuong sai co
thém cot tinh ky vong ctia cac binh phuong trung binh EMS. Nhin vaocot nay c6 thé
thay 0 viéc chon kiém dinh F va tinh dugc cac thanh phan phuong sai.

Thi du Nhan té A ¢b dinh c6 5 muc, nhan t6 B ngau nhién c6 4 muc, lip lai 4 lan
a=5Db=4,r=4,n=5.4.4=80

Bién ngiu nhién B duoc gia thiét phan phdi chuidn N(0, o%) .
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Béng phan tich phuong sai

Nguoén | Df SS | mS EMS Ftn Flt
A 4 SSA | msA| oc%+4c%+16Da
B 15 | SSB | msB c% + 4 6%
Sai s6 60 | SSE | msE o2
Toanbd | 69 | SSTO

Da 1a mot tong phu thude vao cac oi. Néu gia thiét Hoa dung tirc 13 tit ca cac o bang
khong thi @a =0 do d6 dé kiém dinh gia thiét Hoa phai chon Fina= msA / msB rdi so vdi
ngudng Fia = F(a, dfA, dfB).

Ttr 2 dong B va sai so c6 thé tim ra udc luong cliia 6% va 6%

\ , «. (msB-msg) .. , \
msE 1a udc lugng clia 6% con (fl,) 1a wéc lwong cla g

II- XU LY TRONG SPSS

A- Phén tich phwong sai hai nhan t6 chéo nhau (Crossed Design)
M¢ tép Baitap6. Phén tich phwong sai hai nhan t6 chéo nhau kiéu b tri CRD
General linear Model. Univariate Dependent List : kqual

Fixed factor: NTA1, NTB1, Lapl
Model: Custom dua NTA1, NTB1 va tuong tic NTA1*NTB1 (Chon NTAI,

NTBI1 rdi nhay vao interaction) sang Model.

N D Hien

- x|
A Mia2 D ependent “fariable: todel. ..
& Khoiz [ ] [ e

Contrasts. ..
& NIBZ2 Fixed Factor(s]: g
<#> kquaZ? B M ~ Plats...
@ Duc [ ] | wres
<2 Cai I hs Paost Hoc...
<#> Lap3 R andom Factor[z]:
& Kaquaz Sawve...
oo =] e
> Lon Options. ..
Covariate[s]:
3
- ]
I:I wfLS Wl eight:
Ok | Paszte | Reszet | Cancel Help
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&
I
&

Univariate: Model

Sum of squares:

Tupe lll -

Specify Model
" Full factorial f* Custam
Factors & Covarniates: tMaodel:
MEAT[F] Mt
MTE1(F] MTE1
Lapl(F] ;
Biuild Terrnlz)
Interaction -

W Include intercept in rodel

Continue I

Cancel

Help

iwariate: Options

E ztimated k4 arginal kM eans
Factar[=] and Factor Interactions:

117714

Significance lewel:

[OWERALL)
Rk

HMTE1

s M TE

Di=play

D escriptive statistic=s

E stimates of =ffect size
Ob=served powveer
Farameter estimates
Contrast coefficient matrix

[os

Dizplay kMeans Far:

[ 1

—
| =
I~ Homogensity testks

I Spread «+s. lewel plat

I Residual plot

I Lack of fit

I General estimable Function

Confidences intervals are 953

Continue I

Cancel

| Help |

Univariate: Post Hoc Multiple Comparisons for Observed Means

Factar[z]:

MEsT
MTE1

[

Equal “fariances Aszumed

E gual " arancez Mot Azzumed
[ Tamhane's T2 [ Dunnett’s T3

Fozt Hoc Teszts far:

3

MEST

W LSD [ S5-M-k [ “waller-Duncan
| Bonferroni [ Tukey

[ Sidak [w Tukey's-b [ Dunnett

| Scheffe v Duncan

[ R-EGMWF [~ Hochberg's GTZ2

[ R-EG-wWDQ [ Gabriel (= -

[ Games-Howell

[ Dunnett's C

Continue
Cancel

Help
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Két qua duoc cac thong ké dbi véi NTAL va NTBI1 va bang phén tich

phuong sai

Between-Subjects Factors

]

M4

HTB1

L) R = R =

12
12
g
g
8

Tests of Between-Subjects Effects
Dependent Variable: kqual

Type Il Sum of Mean
Source Squares df Square F Sig.
Corrected Model 3374.532(a) 5 674.906 86.160 .000
Intercept 32553.300 1| 32553.300 | 4155.814 .000
NtAl 1956.620 1| 1956.620 249.786 .000
NTB1 950.331 2 475.165 60.660 .000
NtA1 * NTB1 467.581 2 233.790 29.846 .000
Error 140.998 18 7.833
Total 36068.830 24
Corrected Total 3515.530 23

a R Squared = .960 (Adjusted R Squared = .949)
So sénh cé4c trung binh ctia nhin t6 A1 va nhan té B1(Post hoc test)

Homogeneous Subsets

kKogquai
Subset

HTHE1 I~ 1 2 ]
Tukey Ba.b 1 =] 28.7a0

2 =] 37.638

3 5] 44100
Duncana.b 1 2 28.750

2 5] 37.638

3 =] 44 100

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displaved.
Based on Type |l Sum of Squares

The errar term is Mean Square(Error) = 7. 823,
. Llses Harmonic Mean Sample Size = 8.000.

b Alpha = .05.
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Warnings

Post hoc tests are not performed for NtAl because there are fewer than three groups.
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Néu khai bao lap1 1a random factor thi két qua khong cé gi khac
Phén tich phwong sai hai nhan t6 chéo nhau kiéu bo tri CRD
General linear Model. Univariate Dependent List : kqual
Fixed factor: NTAL, NTB1, Random factor : Lapl

Model: Custom dua Lapl, NTA1, NTBI va tuong tic NTAI*NTB1 (Chon
NTA1, NTBI rdi nhay vio interaction) sang Model.

Univariate: Model

3

Specify Model
" Full factorial * Custom
Factors & Covariates: tModel:
MEsT(F] Lap1(R]
MTE1(F] Med
Lap1(R] . MTE1
Build Term(=) MTET*MEAT
Interaction -
Sum of squares: Twpelll - [v  Include intercept in model
Continue I Cancel | Help |

Cac option va Post Hoc test nhu cii s€ dugc bang phan tich phuong sai khac, trong
d6 c6 thém tong binh phuong do khéi (& day goi 1a Lap1) do d6 s& lam thay d6i dong sai
sO va kéo theo cac thay ddi trong cac kiém dinh F

Tests of Between-Subjects Effects

Dependent Variable: kqual

Type 1l Sum

Source of Squares df Mean Square F Sig.

Intercept  Hypothesis 32553.300 1 32553.300 | 4539.242 .000
Error 21.515 3 7.172(a)

Lapl Hypothesis 21.515 3 7.172 .900 464
Error 119.483 15 7.966(b)

NtAl Hypothesis 1956.620 1 1956.620 245.636 .000
Error 119.483 15 7.966(b)

NTB1 Hypothesis 950.331 2 475.165 59.653 .000
Error 119.483 15 7.966(b)

NtAL * Hypothesis 467.581 2 233.790 29.350 .000

NTBL Error 119.483 15 7.966(b)

a MS(Lapl)

b MS(Error)

N D Hien
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B- Phin tich phwong sai hai nhin t6 chia 6 (Split plot design)
General linear model. Univariate. Pua kqua2 vao Dependent Variable
Pua NTA2, NTB2 vao Fixed factor, khoi2 vao random factor
Trong Model chon Custom roi dwa Khoi2 , NTA2 , Khoi2*NTA2 ,NTB2,
NTA2*NTB2

@ ST Dependent % ariable: Madel...
@ NTET ] | kqua? -
onktrasts. .
g talﬂ_l Fixed Factar(=]:
qua Flats. ..
D0 ] [ohes -
#> Cai ) Fost Hoc...
g Lap3 R andor Factaor(=]: 5
K.quad - ave...
@ Do I:I (%} k.hoi2
> Lan
% lap Coveariatelz]:
- ]
l:l WLS weight:
Ok | Faste | Fezeat | Cancel Help

Univariate: Model

Specify Model
" Full Factarial * Custom
Factors & Covanates: b odel:
MaZ(F] Khoi2[R]
MIB2(F] Mia 2
khoi2[R] ] Khoi2 Mt 2(R)
Build Term(s) Wiz
D MEAZHEE 2
Interaction -
Sum of sguares; Tupe Il - ¥ Include intercept in maodel

Continue | Cancel Help
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Univariate: Post Hoc Multiple Comparisons for Observed Means E]

Factor(z]: Fozt Hoo Tests for: Cort
N2 A ankinue
MIEZ2 E MIE2 Cancel

Help

Equal Wanances Azzumed

SRANA

[w L5D [T 5-M-K [ whaller-Duncan
[~ Bonferroni [ Tukey

[ Sidak [v Tukey'sh [~ Durnett

[ Scheffe [v Duncan

[ REGMWF [ Hochberg's GTZ2

[ R-E-Gw 0 [ Gabriel (s "

Equal Vanances Mot Assumed
[ Tamhane's T2 [ Dunnett'z T3 | Games-Howel [ Dunnett's C

Warnings

Post hoc tests are not performed for NtA2 because there are fewer than three groups.

Tests of Between-Subjects Effects
Dependent Wariable: kgquaz
Type Il Surm
Source of Squares df Wean Square F Sig.
Intercept  Hypothesis 10304.470 1 10304.470 2620.058 .0aon
Errar 7.0686 2 3.9334
khoi2 Hypothesis 7. 866 2 3.933 1.562 380
Error 5.036 2 25140
fta 2 Hypothesis 2E2.020 1 262.020 104.062 .oog
Error 5.036 2 2518k
a2 * Hypothesis A.036 2 2.4818 4174 .04z2
Khai2 Errar 7.238 12 G03e
MHtBZ2 Hypothesis 2158261 3 T1.754 118.9586 .0oo
Error 7.238 12 B03%
M2 * Hypothesis 18.698 3 B.233 10.333 0o
B2 Errar 7.238 12 Naikels
a. ME{khoiz)
b, MS(MAZ * Khoi2)
. MES(Erron
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Expected Mean Squares=t

Yariance Component
var(Mtaz * Cluadratic
Source YarikhoiZ) khoi) Yar(Errar Term
Intercept Intercept,
MEAZ,
a.000 4.000 1.000 NIBZ, MiA2
*MiB2
khoiz 2.000 4.000 1.000
PtA 2 REAZ, MEAZ
.ooo 4.000 1.000 |, Mt
MtA2 * Khoi2 .ooo 4.000 1.000
MiB2 MtB2, Mta2
.ooo .0on 1.000 |, MG
MEAZ * MiB2 Pt *
.ooo .0on 1.000 ME 2
Error .00 .0oo 1.000

a. Foreach source, the expected mean square equals the
sum of the coefficients in the cells times the variance
companents, plus a quadratic term invalving effects in the
Quadratic Term cell.

b. Expected Mean Sguares are based on the Type Il Sums of
Snuares.

Homogeneous Subsets

Kquaz
Subset

MiB2 M 1 2 3 4
Tukey Ba.b A G 16.383

2 3] 19,583

4 5] 22833

3 5] 24.083
Dwuncana.b 1 3] 16.383

2 5] 19.583

4 5] 22833

3 5] 24.083

Sig. 1.000 1.000 1.000 1.000

WMeans for groups in homogeneous subsets are displayed.
Based aon Type lll Summ of Squares
The errarterm is Mean SquarelError) = 603,

a. Uses Harmonic Mean Sample Size = 6.000.
b Alpha = .05,
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C- Phan tich phwong sai hai nhén té chia bing (Strip plot)
General linear model. Univariate. Chon kqua vao Dependent variable, chon Dam
va Giong vao Fixed factor, khoi vao Random factor.
Trong Model chon Khoi, Dam, Dam*Khoi, Giong, Giong*Khoi, Dam*Giong
Post Hoc chon Dam va Giong Kiém dinh theo LSD, Tukey va Duncan

Univariate: Model

Specify Model

" Full factorial (+ Cusztom

Factors & Covanates: b adel:
Dram(F] khailR]
Giong(F] Dram
khoi[R] Dam*khoilR]

Build Termiz] Giong
Giong"khaiR]
D Dam™Giong

Interaction -

Surn of squares: Type I - v Include intercept in model
Contine | Cancel | Help |

Univariate: Post Hoc Multiple Comparisons for Observed Means @

Factor(s} Post Hoc Tests for:
Dramn Dam
Giong ]j Giong Cancel

Help

Equal Vanances Assumed

7

v LSD [~ SM-E [ waller-Duncan
[~ Bonfermoni [ Tukey

[ Sidak v Tukey's-b [~ Dunnett

| Schefte v Duncan

[~ R-EGWF [~ Hochberg's GT2

[ REGW O [ Gabnel 'y i

Equal Wanances Mot Azsumed
[ Tamhane's T2 [ Dunnett's T3 [ Games-Howell [ Dunnett's C
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Tests of Between-Subjects Effects

Dependent Variable: kqua

Type Il Sum

Source of Squares df Mean Square F Sig.

Intercept  Hypothesis 1511.110 1 1511.110 327.755 .003
Error 9.221 2 4.610(a)

khoi Hypothesis 9.221 2 4.610 2.527 135
Error 16.435 9.009 1.824(b)

Dam Hypothesis 50.676 2 25.338 34.069 .003
Error 2.975 4 744(c)

Dam * Hypothesis 2.975 4 744 1.807 167

khoi Error 8.233 20 412(d)

Giong Hypothesis 57.100 5 11.420 7.653 .003
Error 14.923 10 1.492(e)

Giong*  Hypothesis 14.923 10 1.492 3.625 .007

khoi Error 8.233 20 412(d)

Dam * Hypothesis 23.878 10 2.388 5.801 .000

Giong Error 8.233 20 412(d)

MS(khoi)

MS(Dam * khoi) + MS(Giong * khoi) - MS(Error)
MS(Dam * khoi)

MS(Error)

MS(Giong * khoi)

T o O T

Homogenous subsets

kqua
Subset
Giong I 1 2 3 4
TukeyBab & 9 313784
5 9 5.244900
1 9 a41732 541722
4 9 a.86900 5.865900
3 9 G.08011 B.08011
Iy 9 B.28644
Dwuncanab & g 313784
a 9 5.24900
1 9 541722
4 q A.56300 5456900
3 9 G.08011 B.08011
2 q B.2eR44
Sig. 1.000 329 107 A03
Means far groups in homogeneous subsets are displayed.
Based an Type Il Sum of Squares
The errar term is Mean Square(Errof = 412,
4. Uzes Harmonic Mean Sample Size = 9.000.
b alpha = .04,
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Homogeneous Subsets

kqua
Subset
Dam M 1 2 3
Tukey Ba.b 1 18 402061
2 18 047822
3 18 B.37100
Cuncand.b 1 18 4.02061
2 18 547822
K] 18 B.37100
Sid. 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
Based on Tyvpe Il Sum of Squares
The errar term is Mean Square(Errary = 412,
4. Uses Harmaonic Mean Sample Size = 18.000.
b. Alpha= 04

D- Phin tich phwong sai hai nhin to phan cap (Nested hay Hierachical design)
General linear model. Univariate. Chon kqua3 trong Dependent variable.

Pua Duc vao Fixed factor, Cai vao Random factor.
- Ed|

A M Dependent “ariable: todel. ..
& NTE1 ] | > K.qua3
Contrasts. ..
% tap11 Fixed Factor(z):
qua Plats. ..
B N2 ® Due =

> Khoiz Post Hoc. ..
% MtB2 F andom Factar(s]: =

kquaz : $

3 Cai

Lap3
> Lap III Options. ..
<#» Dam
@ Lan Cowariatelz]:

F#r lap
> kgua I:I
l:l WwLS wieight:
I

ak. | Fazte | Re=est | Cancel Help
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Univariate: Model

Specify Maodel
" Full factarial

Factors & Covanates:

DuclF]
CailR)

Build Term[z]

Kl

Sum of zquares:;

Tope Il -

Interaction hd

* Custom

Model:
Duc:

¥ Inchude intercept in madel

Continue |

Cancel Help

Trong Model chon Duc, Cai

Trong Post Hoc chon Duc sau d6 chon LSD, Tukey, Duncan

Vao Paste save Syntax vao mdt tép bo bot Post Hoc va chiia lai Cai

(Duc) roi RUN

Ba Thidu2.SPS - SPSS Syntax Editor

CBX

Fil= Edit “Wiew Data Transform  &nalyze Graphs  Utilities Ron add-ons wWindow  Help
=S| | <| Bk ¢l | @ 2] 1|
LIRLANCWA,

kgua3d BY Duc Cai
RAMDOM = Cai
MAETHOD = S5TYRPE(S)
AMTERCZEPRT = INCLUDE
JCRITERIA = ALPHALDS)
fDESIGH = Duc CaifDuc) .

? SPSS Processor is ready

Két qua nhu sau:
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Tests of Between-Subjects Effects

Dependent Yariahle: Kgua3l

2. Far each source, the expected mean square
equals the sum of the coefficients in the cells
tirmes the variance components, plus a quadratic
term involving effects in the Guadratic Term cell.

b. Expected Mean Squares are based an the Type I
Sums of Squares.

Type lll Sum
Source of Squares df Mean Square F Sig.
Intercept  Hypothesis 106560.027 1 106560.027 aa7.362 000
Error 1720673 4 191.1863
Duc Hypothesis BG5S 6TE 2 332838 1.741 230
Errar 1720673 4 191.1863
Caillue)  Hypothesis 1720673 g 191.186 146 878 000
Error 15.620 12 1.302b
A ME(CaiDuch
b MS({Erran
Expected Mean Squares=.b
Wariance Companent
Quadratic
Source YariCaiiDuo) wariErrar Tearm
Intercept Intercept,
2.000 1.000 D
D 2.000 1.000 Duc
Cai(Duc) 2.000 1.000
Error .aon 1.000

Homogeneous Subsets

HaquaZF
Subset

Ciuc I 1 2 3
Tukey Ba.b 2 =] 59,963

3 o] GY.100

1 2] 72838
Cuncana.b 2 =] 59,963

3 2] GY.100

1 =] 72838

Sig. 1.000 1.000 1.000

mMeans for groups in homogeneous subsets are displayed.

Based an Type Il Sum of Squares
The error term is Mean SquareError) = 1.302.

2. Lses Harmonic Mean Sample Size = 8.000.
B alpha = 048,
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