BO SUNG VE PHAN TICH PHUONG SAI

1- MO HINH TAT PINH, NGAU NHIEN VA HON HOP

Trong céc gido trinh phuong phap thi nghi€ém va toan sinh hoc khi phan tich
phuong sai cac nhan t6 thudng duoc coi 13 tat dinh (¢é dinh). Viéc phén tich va két
luan duoc trinh bay theo cac mau dinh sin da quen thudc véi can bd giang day va sinh
vién trong cac trudng.

Nhirng nam gan day, do doi héi ciia thyc té va ciling do nhiing tién bo ctia viée
nghién ctru va phan tich cac thiét ké thi nghiém, cc nhan t6 c6 thé tat dinh hay ngau
nhién va mo hinh phén tich phuong sai dugc sap thanh 3 loai: tat dinh ( Fixed - néu
tat ca cac nhan t6 déu tat dinh), ngiu nhién (Random - néu tat ca cic nhan t6 déu ngau
nhién) va hén hop (Mixed - néu mot sd nhan td tit dinh, mot sb ngau nhién).

Viéc quyét dinh xem nhan t6 tat dinh hay ngiu nhién phai lam trudc khi bb tri
thi nghiém va cin cr vao ban chat ciia nhan té ciing nhu anh hudng cua két luan khi
g dung trong thuc té.

Sau ddy 1a mot s6 mé hinh thuong dung:

1.1 Phén tich phwong sai mét nhéin t6
M5 hinh mét nhan té c6 a mirc, mdi mic lap lai ri 1an
Xij= WU+ aiteij (i=1,aj=1,n)

u la trung binh chung

ai la tac dong cua muc A

eij 1a sai s6 ngiu nhién gia thiét doc 1ap, phan phdi chuan N(0,0%)

Néu nhan t6 A ¢ dinh thi mé hinh goi 1a mé hinh tit dinh, cac ai 1a cac hing sb
thoa man diéu kién

Néu nhan t6 A ngiu nhién thi mé hinh goi 1a m6 hinh ngiu nhién, cac a; la cac
gia trj ctia bién ngau nhién phan phdi chuin N(0,0%)
Phwong phap phan tich

Ca hai m6 hinh déu chung cach phan tich ma noi dung gom:




a)Tach tong binh phuong toan bd SSTO thanh hai phan: tong binh phuong do
nhan t6 SSAva tong binh phuong do sai s SSE

b)Tach bac tu do clia tong binh phurong toan by dfTO thanh hai phan: bac tu do
dfA cua tong binh phuong SSAva bac tu do dfE cua tong binh phuong SSE

¢) Chia tong binh phuong cho bac tu do dugc binh phuong trung binh msA, msE

d) Tom tat toan bd cach phan tich vao trong bang : n = Zr;

Bang phan tich phwong sai (ANOVA)

Nguédn Bac Tong BP Fin Ky vong
bién dong | tu do BP trung binh
Nhan t6 a-1 | SSA msA = SSA/dfA | msA/msE
dfA
Sai 56 n-a | SSE msE = SSE/dfE
dfE Gze
Toan bd n-1 SSTO

Cich kiém dinh gia thiét

Tuy theo mb hinh ¢6 thé tinh cac ky vong ctia msA va msE. Tir d6 ¢6 cach tinh
ty 6 Fin va cach kiém dinh gia thiét d6i v6i nhan t6 A.

M@ hinh tit dinh

Gia thiét Ho: “cé4c ai bang khong”, dbi thiét: “c6 ai khac khéng”.

Ky vong ctua msE bang o%, con ky vong ctia msA bang 6% + ®a
2. nay rza: a?

=

(a_1 neumoir déu bang r thi da =

trong d6 ®a =
a—1
Néu gia thiét Ho dtng thi ty s6 Fin =msA/msE phan phdi Fiso Snédéco véi a-1
va n-a bac tu do va ta c6 quy tic kiém dinh:
Tim gia tri téi han F(a,a-1,n-a).
Néu Fin < F(a,a-1,n-a) thi chip nhan Ho néu nguoc lai thi chdp nhan Hi.

M6 hinh ngéu nhién
Gia thiét Ho: “o2a bang khong”, doi thiét: “c?a khac khong”.

KV vong cua msE bang 6%, con ky vong clia msA bang 6% + 'c%a

k
r N* =D & . 213 ,
vol 1r’= .Zzl: ' néu moi ri déubang rthir =r
(a-1N




Néu gia thiét Ho dting thi ty s6 Fin = msA /msE phén phdi Fiso Snédéco voi a-1

va n-a bac tu do va ta c6 quy tac kiém dinh:
Tim gia tri t6i han F(a, a-1, n-a), néu Fin < F(a., a-1, n-a) thi chip nhan Ho néu
nguoc lai thi chép nhan Hi
62 dugc ude luong bang msE
Néu msA > msE thi 6% dugc uéc lugng bang (msA - msE) / r’
1.2 Phan tich phwong sai hai nhin t6 chéo nhau (crossed)
M@é hinh hai nhén té chéo nhau (hay truc giao)
Nhén t6 A c6 a mirc, nhan t6 B ¢6 b muac, mdi cong thire (ai,bj) lap lai r 1an
Xijk=p+ai+bj+abij+eijk (i=1,a)=1,b;k=1,r1)
w13 trung binh chung, ai 1a tac dong ctia mirc Ai cia nhan td A
bj 14 tic dong ciia muc Bj ciia nhan t6 B
(ab)ij 14 twong tac giita 2 mic Ai va Bj ctia hai nhan t6 A,B
eijk 12 sai s6 ngdu nhién gia thiét doc 1ap, phan phdi chuan N(0,6%).
Néu nhan t6 A va B tat dinh thi mé hinh goi 1a mé hinh tat dinh, cac ai va b

théa man cac hé thirc:

b

za:aizo Yb, =0 Za:abij =0 Zb]abij =0
i=1 i=1 j=1

i=1
Néu A va B ngu nhién thi mé hinh goi 1a mé hinh ngau nhién, céc aj la cac gia

tri ciia bién ngdu nhién phén phdi chuin N(0,6%), cac bjla cac gia tri cua bién ngiu

nhién phan phdi chuan N(0, 5%) con (ab)ij 1a cac gia tri ctia bién ngiu nhién phan phbi

chuén N(0, o%p)

Néu mét trong 2 nhén t6 tit dinh, nhan t6 kia ngiu nhién thi ¢6 mé hinh hdn hop.

Phwong phap phan tich

Ca ba m6 hinh déu chung cach phan tich ma ndi dung gom:

a) Tach tong binh phuong toan b SSTO thanh bén phan: tong binh phuong do
nhan t6 A (SSA), tong binh phuong do nhan té B (SSB), téng binh phuong do twong
tac AB (SSAB) va tong binh phuong do sai s6 (SSE).

b) Tach bac ty do cila tong binh phwong toan bo dfTO thanh bon phan: bac tu do

dfA cta tong binh phuong SSA, bac tu do dfB cta tong binh phuong SSB, bac tu do
dfAB cua tong binh phuong SSAB va béc tu do dfE cua téng binh phuong SSE




¢) Chia téng binh phuong cho bac tyr do dugc binh phwong trung binh msA, msB,
msAB va msE

e) Tom tit toan bd cach phan tich vao trong bang :

Béang phan tich phuwong sai

Ngudn bién Bac tw | Tong binh | Binh phwong Fin Ky
dong do phuwong trung binh vong
Nhén to A dfA =a-1 SSA msA Fina
Nhén t6 B dfB=b-1| SSB msB Fing
Tuong tac dfAB = SSAB msAB Fias
(a-1)(b-1)
Sai s0 dfE = SSE msE %
ab(r-1)
Toan bd abr -1 SSTO

Cich kiém dinh gia thiét

Tuy theo md hinh c6 thé tinh cac ky vong ctia msA, msB, msAB va msE. Tur d6
c6 cach tinh ty sb Fin va cach kiém dinh cac gia thiét ddi v6i nhan t6 A, nhan t6 B va
tuong tac AB.

M@ hinh tit dinh

Gia thiét Hoa: CAc aj bang khong, ddi thiét Hia: c6 ai khac khdng

Gia thiét Hos: Céc bj bang khong, ddi thiét His: ¢6 bj khac khong

Gia thiét Hoap: CAC abij bang khong, dbi thiét Hiag: ¢ abij khac khdng

Ky vong Kiém dinh gia thiét
E(msA) = c2%+(brxa%)/(a-1) Fina = msA/ msE so véi F(a,dfA,dfE)
E(msB) = c?+(arzb?)/(b-1) Fims = msB/ msE so v6i F(a.,dfB,dfE)

E(msAB)=c?%+ (rzzab?;) /(a-1)((b-1) | Finas =msAB/ msE so véi F(a,dfAB,dfE)

E(msE) = 6%

Mé hinh ngdu nhién
Gia thiét Hoa: 62a bang khong, ddi thiét Hia: o2 khac khong
Gia thiét Hos: 0% bang khong, dbi thiét His: 6% khac khong

Gia thiét Hoab: 6a8 béng khong, dbi thiét Hias: o2as khac khong




Ky vong Kiém dinh gia thiét
E(msA) = 6%+ ro’as + bro?a Fna= msA/msAB so véi F(o,dfA,dfAB)
E(msB) = 6% + rc?ag + arc’s Fime = msB/msAB so véi F(a,dfB,dfAB)
E(msAB) = 6% + ro?as Finas = msAB/msE so véi F(o,dfAB,dfE)
E(msE) = 6%

C6 thé u6c luong cac phuong sai nhu sau:

o2 uéc luong bang msE

o?ag udc luong bang (msAB - msE)/ r

o2s udc lugng bing (msB - msAB) / ar

o2a u6c luong bang (msA - msAB)/ br

Mo hinh hén hop

Gia sir nhan t6 A tat dinh, nhan t6 B ngiu nhién (kéo theo AB ngau nhién)
Gia thiét Hoa: C4c ai bang khong, dbi thiét Hia: ¢6 ai khac khdng

Gia thiét Hos: 0% bang khong, di thiét His: 6% khac khong

Gia thiét Hoab: 62as bang khong, d6i thiét Hias: o%as khéc khdng

Ky vong Kiém dinh gia thiét

E(msA) = 6% + ro’as +(brXa?)/(a-1) | Fwa= msA/ msAB so véi F(a,dfA,dfAB)

E(msB) = 6% + arc’s Frnse = msB/ msE so véi F(o,dfB,dfE)
E(msAB) = 6% + ro?as Finas =msAB/ msE so véi F(o,dfAB,dfE)
E(msE) = 6%

1.3 Phin tich phwong sai hai nhin t6 phan cap
M@ hinh hai nhén té phén cdp (chia thir biac(Hierachical) con goi la chia 6 hay
long vao nhau(Nested))
Nhén t6 A 1a cdp trén c6 a mirc, nhan t6 B 1a cip dudi c6 b muc, mdi cong
thirc(ai,bj) 1ap lai r 1an
Xijk = W+ ai + bji) + &ijk (i=1,aj=1,b;k=1,1
u la trung binh chung
ai 1a tac dong ctia mirc Aj ctia nhan t6 A

big) 1a tac dong ctia murc Bj (dwdi muc i cia nhan td A) ctia nhan t6 B




eijk 1a sai s6 ngiu nhién gia thiét doc 1ap, phan phdi chuan N(0,02%).
Néu cac mirc Aiva Bjngau nhién thi mé hinh goi 1a mé hinh ngiu nhién, néu
A tat dinh B ngiu nhién thi c6 mo hinh hén hop.
Trong md hinh ngiu nhién nhan t5 A ngiu nhién, cac ai 1a cac gi tri cla bién
chuén N(0, o2a). Nhan t6 B ngiu nhién, cac bj trong cling mot muc i ctia nhin t6 A 1a
cac gia tri cua bién chuin N(0, 62%g).

Trong mé hinh hdn hop nhan t6 A tat dinh, cac ai thoa man diéu kién

Nhan t6 B ngau nhién, céac bj trong cung mdt muirc 1 cua nhan to A 1a cac gia tri
cua bién chuan N(0, 6%g).

Phwong phap phan tich
Ca hai mé hinh déu chung cach phan tich ma ndi dung gom:

a)Tach tong binh phuong toan bd SSTO thanh ba phan: tong binh phuong do
nhan t6 A (SSA), tong binh phuong do nhan t6 B trong A (SSB(A)) va téng binh
phuong do sai s6 (SSE).

b) Tach bac tu do ciia tong binh phuong toan bd dfTO thanh ba phan: bac tu do
dfA cta tong binh phuong SSA, bac tu do dfB(A) cua tong binh phuong SSB(A) va
bac tu do dfE cia tong binh phuong SSE

¢) Chia téng binh phuong cho bic tr do dugc binh phwong trung binh

msA, msB va msE

f) Toém tat toan b cach phan tich vao trong bang

Ngu(‘ﬁn Bac tu do Téng binh | Binh phwong | Fn Ky
phwong trung binh vong
Nhan t6 A dfA =a-1 SSA msA Fna
Nhantd B | dfB(A) = a(b-1) | SSB(A) msB(A) Fig
Sai s dfE = ab(r-1) SSE msE
Toan bd dfTO = abr-1 SSTO o2

Cach kiém dinh gia thiét

M6 hinh ngdu nhién

Gia thiét Hoa: 62a bang khong, ddi thiét Hia:

Gia thiét Hos: 0% bang khong, d6i thiét His: 6% khac khong

o2a khac khong




Ky vong Kiém dinh gia thiét
E(msA) = 6%+ ro’g + bro?a Fina= msA/ msB(A) so voi F(o,dfA,dfB(A))

E(msB(A)) = 6%+ ro?s Fimg = msB(A)/ msE so v6i F(a,dfB(A),dfE)

E(msE) = c%

U6c lugng cac phuong sai:
o2 dugc ude luong bang msE
o2g duoc wdc lwong bang (msB(A)- msE) /
o2a dugc udc lugng bang (msA - msB(A)) / br
Mé hinh hén hop
Gia thiét Hoa : C4c ai bang khong, ddi thiét Hia: c6 ai khac khong
Gia thiét Hos : 6% bang khong, ddi thiét His: o2s khac khdng

Ky vong Kiém dinh gia thiét
E(msA) = 6%+ ro’g + ®a Fina = msA/ msB(A) so voi F(o,dfA,dfB(A))
E(msB) = 6%+ ro’s Fins = msB(A)/ msE so véi F(a,dfB(A),dfE)
E(msE) = 6%

brza: a’
— i=1

Vo1 D,
a-1

C6 thé uéc luong cac phuong sai:
o2 duogc ude luong biang msE
o2s duoc wéc luong bang (msB - msE) /
M@ hinh tit dinh
Khi ca A va B déu tat dinh thi c6 mé hinh tit dinh (rat it gip), cach tinh nhu hai
mo hinh ngiu nhién va hon hop,.
Gia thiét Hoa : c4c ai bang khong, ddi thiét Hia : ¢6 ai khac khéng
Gia thiét Hos : cAc bji) bang khong, dbi thiét Hia : c0 bjg) khac khong véi moi i
Hai gia tri F thyc nghiém déu c6 miu sd 14 sai s6 msE (se?)

Fina = MsA / msk Finea) = msB(A) / msE




1.4 Phan tich phwong sai hai nhin t6 chia & (Split plot)
MGé hinh hai nhén té chia
Trong bb tri thi nghiém chia 6 16n, 6 nhé (Split plot) nhan t& A b tri trén 6 16n,
nhan t6 B bd tri trén 6 nho, mdi 1an lip 1a mot khéi (Block)
Xijk=u+ck+ ai+cdik+bj+abij+teije (iI=1,aj=1b;k=1,1)
i la trung binh chung, ck 14 tac dong cta khoi k
ai 1a tac dong ctia mirc Aj ctia nhan td A
cdik 1a twong tac gitta khoi va nhan t6 A
bj 14 tic dong ctia muc Bj ciia nhan t6 B
abij la tac dong cua twong tac AB
eijk 1 sai s6 ngdu nhién gia thiét doc 14p, phan phdi chuin N(0,6%).
Khéi thwong dwoc coi la nhin té ngéu nhién
C4c ck phan phdi chuan N(0, 6%) con A va B thi c¢6 thé tit dinh hodc ngiu
nhién, néu A tit dinh thi thoa mén diéu kién Zai= 0 (B ¢6 dinh thi =bj = 0) con néu A
ngau nhién thi cac gia tri ai phan phdi chuan N(0, 62a) (B ngiu nhién thi bj phan phdi
chuan N(0, 6%s)).

Thuong ldy twong tac A x K 1am sai s6 6 16n va bo qua twong tic B x K.

Tuy gia thiét hai nhan t6 tit dinh hay ngiu nhién hay hdn hop ma c6 cach kiém
dinh khac nhau.

Phwong phap phdan tich

Cac m6 hinh déu chung cach phan tich ma ndi dung gom:

a) Tach téng binh phuong toan bd SSTO thanh sau phan: tong binh phuong do
khéi SSK, téng binh phuong do nhin t6 A (SSA), tong binh phurong do twong tic AK
(SSAK), tong binh phuong do nhan t6 B (SSB), tong binh phuong do twong tic AB
(SSAB), va tong binh phuong do sai s SSE.

b) Tach bac tir do cua téng binh phwong toan bd dfTO thanh sau phan: bac tu do
dfK cua téng binh phuong SSK, bac tu do dfA cua téng binh phuong SSA, bac tu do
dfAK cua téng binh phuong SSAK, bac ty do dfB cua téng binh phuong SSB, bac tu
do dfAB cua tong binh phuong SSAB va bac tu do dfE cua téng binh phuong SSE

¢) Chia tong binh phuong cho bac ty do duoc binh phuong trung binh msk,

msA, msAK, msB, msAB va msE




d) Tom tit két qua vao bang phan tich phuong sai

Béng phan tich phwong sai

Ngudn bién Bac tu do Téng binh | Binh phwong | Fi Ky
dong phwong trung binh vong
Khoi dfk =r-1 SSK msK

Nhén t6 A dfA =a-1 SSA msA Fna
Tuong tac AK dfAK = SSAK msAK
Sai s0 0 16n (a-1)(r-1)
Nhan t6 B dfB = b-1 SSB msB Fing
Tuong tac dfAB =
AB (a-1)(b-1) SSAB msAB Finas
Sai s0 6 nho | dfE = a(b-1)(r-1) SSE msE 02
Toan bd abr -1 SSTO

Cich kiém dinh gia thiét
M@ hinh tit dinh

Gia thiét Hoa: CAc ai bang khong, dbi thiét Hia: ¢6 ai khac khdng

Gia thiét Hos: Céc bj bang khong, ddi thiét His: ¢d bj khac khong

Gia thiét Hoas: CAc abij bang khong, ddi thiét Hiag: c6 abij khac khdng

Ky vong

Kiém dinh gia thiét

O 16n

E(msK)= c% + abc’k

E(msA) =62+ b 62k + (brza?)/(a-1)

E(msAK) =%+ b c?ak

Fina=msA/ msAK so vdi F(a,dfA,dfAK)

O nho

E(msB) =o2+(arzh?)/(b-1)

E(msAB)=c%+ (rzzab?;)/ (a-1)((b-1)

E(msE) = c%

Fine=msB/ msE so véi F(a,dfB,dfE)
Finas=msAB/ msE so v&i F(a,dfAB,dfE)

Mo hinh ngéu nhién: nhén té A va nhén té B ngdu nhién
Gia thiét Hoa: 62a bing khong, doi thiét Hia: o2a khac khong

Gia thiét Hos: 0% bang khong, di thiét His: 6% khac khong




Gia thiét Hoas: o2as bang khong, dbi thiét Hias: o2as khac khong

Ky vong

Kiém dinh gia thiét

E(msK)= c% +bo?ak + abo’k

E(msA) = 6% + bo?ak + I 6% + bro?a

E(msAK) = 6%+ bo?ak

Khong c6 kiém dinh chinh xac

(C6 thé dung kiém dinh gan ding)

nho

E(msB) =% + rc?as + arc’s
E(msAB)=c%+r 6°a8

E(msE)= 6%

Fine = msB/ msAB so véi F(a,dfB,dfAB)
Finas =msAB/ msE so véi F(a,dfAB,dfE)

M6 hinh hén hop: nhén t6 A tit dinh, nhén t6 B ngdu nhién
Gia thiét Hoa: moi ai bang khong, ddi thiét Hia: c6 ai khac khdng

Gia thiét Hos: 0% bang khong, ddi

thiét Hig: os khac khong

Gia thiét Hoas: 6aB béng khong, dbi thiét Hias: o2as khac khéng

Ky vong

Kiém dinh gia thiét

O 16n

E(msK)= c% + abc’k

E(msA)=c%+bc?a +rcas+(brza?)/(a-1)

E(msAK) = 6%+ bo?ak

Khong c6 kiém dinh chinh xéac

(C6 thé dung kiém dinh gan dung)

nho

E(msB) =c% + arc’s
E(msAB)=c%+r 6%a8

E(msE)= %

Fine = msB/msE so vai F(a,dfB,dfE)
Finas=msAB/msE so vdi F(a,,dfAB,dfE)

M@ hinh hén hop: nhén té A ngéu nhién, nhén to B tit dinh

Gia thiét Hoa: 6a bang khong, ddi

thiét Hia: 6% khac khong

Gia thiét Hos: c4c bj bang khong, d6i thiét His: ¢ by khac khong




Gia thiét Hoas: o2as bang khong, dbi thiét Hias: o2as khac khong

‘ Ky vong Kiém dinh gia thiét ‘

O I6n

E(msK) = 6% + bo?ak + abo’k
E(msA) = 6%+ bo?ak + bro?a Fina = msA/ msAK so v4i F(a,dfA,dfAK)
E(msAK) = 6%+ bo?ak

=

O nho
E(msB) = 6% + ro?ag + (arzh?)/(b-1) Fms = msB/msAB so v6i F(a,dfB,dfAB)
E(MsAB) = c%+r 6°as Finas = msAB/msE so v4i F(o,dfAB,dfE)

E(msE) = 6%

Céc md hinh mot nhan t6 khdi ngdu nhién day di (RCBD) hay 6 vudng La tinh
chu yéu ding v6i nhan t6 tat dinh va cach phan tich khong khéc gi cach trinh bay trong
cac gido trinh vé phuong phép thi nghiém va toan sinh hoc hién dang dung.

Trén day 1a mot sé md hinh hay dung trong phan tich phuong sai.

C6 mot diém quan trong can cht y 13 trong mé hinh phén tich phuong sai mot
nhan to viéc tach cac tong binh phwong SSTO thanh cac binh phuong thanh phan
SSA va SSE dugc thuc hién theo nhu cach da trinh bay ¢ chuong 2 dii s6 1an lip
bang nhau hay khong.

Pbi voi trudng hop hai nhan t6 thi cach phan tich SSTO thanh cac phuong sai thanh
phan (SSR, SSA, SSB, SSAB, SSE trong md hinh thiét ké chéo nhau Crossed hay md
hinh chia bang Strip plot, hay SSA, SSB, SSAB, SSE 6 ngang,SSE 6 doc trong mo
hinh chia 6 Strip plot, hay SSA, SSB, SSE trong mé hinh phéan cap Hierachical) nhu da
trinh bay trong chuong 3 va chuong 4 chi diing khi s6 1an Lip bang nhau, hay co thé
thay d6i mét it dé tinh cho truong hop sb 1an lip ty 18 voi nhau, thudng goi 13 truwdng
hop can ddi (Balanced). Néu khong can ddi thi viéc tach cac tong binh phuong phirc
tap hon nhiéu va phai sir dung dén cac thuat toan dung trong phén tich hodi quy bdi
tuyén tinh.

Dbi voi 3 nhan t6 thi c6 nhiéu mo hinh va viéc phan tich dai hon. Gido trinh nay
chi tap trung vao mo hinh 3 nhan t6 chéo nhau(Crossed), phan cip (Hierachical), chia
6 16n, 6 vira, 6 nho (Split split plot), chia bang rdi chia 6 (Strip split plot). Viéc phan
tich mo hinh tat dinh hay ngiu nhién khong phirc tap lim nhung mo hinh hén hop thi

phuc tap hon nhiéu.




Trong cac bo chuong trinh chuyén vé théng ké nhu Minitab, SPSS, Statistica,
Irristat Ver 4.0 d6i voi mdi nhan t6 phai khai bao rd tt dinh hay ngiu nhién, chéo
nhau hay phéan cip dé chuong trinh xir 1y va dua ra két luan. Mot s6 truong hop khong
c6 kiém dinh F chinh xac phai dung cac kiém dinh F gan dtng trong d6 mau s 13 to
hop ctia mdt s6 cac binh phuong trung binh.

2- KIEM PINH COC GIA THIET CO BAN TRONG PHON TCOCH PHUONG SAI

Trong md hinh phan tich phuong sai mot nhan t6 c6 3 gia thiét dbi vai sai sd
ngau nhién ejj. Gia thiét cac eij doc 1ap va phan phdi chuin voi ky vong bang khong
thuong dugc chip nhan trong thuc té, riéng gia thiét cac phuong sai cua ejj bang nhau
(tir d6 suy ra cac phuong sai cta cic muc bang nhau) thi hay bi vi pham. Dé kiém dinh
gia thiét nay c6 nhiéu phuong phap nhung hay dung nhét 13 kiém dinh Bartlett va kiém
dinh Levene.

2.1Kiém dinh Bartlett

Kiém dinh Bartlett duoc thuc hién theo bang sau:

Mirc | S6lanlip | Phwongsai | (ri-1)s? (ri-1)In(s%) 1/(ri-1)
li s
Aq r s%1 (ri-1)s% (r1-1)In(s%1) 1/(r1-1)
Az r2 % (r-1)s% (r2-1)|n(322) 1/(r2-1)
Tong " > (- D)5 Z(r “Din(s?) | 1 -1)

Tinh phuong sai chung sc

Z(r —1)s?

M = (n—a)ln(sé)—za:(ri =1 In(s?)
(n—a) =

s =5

1 , _M
=1 3(a 1) (Z AN =

n- a C
Ngudng so sanh y2. = 2(oc,a—l)

Néu y2rn <= y2L7 thi chip nhan gia thiét Ho:”Cac phuong sai bang nhau”, néu

nguoc lai thi bac bé Ho




Miic r; S’ (ri-Ds’;  (r-DIn(s™)  V(r-1)
A 7 0.0631 0.3785 -16.5801 0.1667
B 8 0.0183 0.1282 -27.9983 0.1429
C 6 0.0281 0.1403 -17.8671 0.2000
D 8 0.0363 0.2542 -23.2077 0.1429
Tong n=29 0.9013 -85.6532 0.6524
Phuong sai chung SZC = 0.03605

M = 258227 C= 1.0680

ytn  2.41776 pal 7.815

Két lugn: Chdp nhdn Ho: Cdc phwong sai bang nhau

2.2 Kiém dinh Levene ) ) q
Kiém dinh Levene duoc coi la it phu thudc gia thiét eij phan phoi chuan hon la

kiém dinh Bartlett. Kiém dinh nay thyc hién nhu sau:
Nhan t6 A ¢ a muic, cac sb lidu xij ciia mirc i ¢ trung binh X,
Lay céc d0 lgch tuyét doi [x; — X, | (cling co tai ligu lay do 1éch binh phuong)
Phan tich phuong sai bang cac do 1éch tuyét doi trén. Néu Ftn <= Flt thi chap

nhan gia thiét Ho: “ Cac phuong sai bang nhau”, néu nguoc lai thi bac bo Ho

Thi du S6 lieu xij T binh
A 74 6.8 686 7.76 639 595 748 6.86
B 884 6.69 7.2 742 683 506 535  6.76
C 809 796 531 739 051 784 628  6.20
D 755 565 692 65 546 74 837 684

Bang cac do léch tuyét doi
054 0.68 0.00 090 047 0.91 0.62
2.08 0.07 036 066 007 1.70 141
1.89 1.76 089 1.19 5.69 1.64 0.08
071 1.19 0.08 034 138 056 1.53

Taw>

Bang phan tich phwong sai

Ngudn SS df MS Ftn Flt
Nhan tb 6.782 3 2261 211 3.01
Sai sb 25.646 24 1.0686

Toan b 32.428 27

Két ludn: Chdp nhdn Ho: Cdc phwong sai bang nhau
2.3 CAc bién do6i thudong dung trong phin tich phwong sai
Khi cac bién khéng phan phoi chuin ngudi ta thudng ding mét sb bién doi

nhu sau:




Néu bién p 1a ty 1¢ phin trim% thi ding bién dbi arcsin/p/100

Néu bién X c6 d6 nghiéng (Skewness) 4m (nghiéng trai tic 1 suon trai thoai
thoai, suon phai déc dung) thi ding cac bién ddi luy thira X2, X3, . .. Néu d6 nghiéng
duong(nghiéng phai) thi bién ddi ciin bac hai v/X (hodc /X +a néu c6 tri X 4m),

— (hay —=——), bién déi 16garit In(X), log(X) (hay In(X+a), log(X+a) néu c6 tri X
\/_ \/—

am), bién ddi nghich dao 1/X (hay 1/(X+a))
Céc phan mém thong ké thuong dung phép bién ddi tong quat Box-Cox
Y =(X*-1/x (A #1)
= In(Y) (A=0)
Tham s6 A duoc chon sao cho biéu thirc
L= —%In s? + (k—l)%Zln X
dat gié tri cuc dai.

(s? 1a phuong sai ciia bién Y véi v bac tu do)

Bién d6i Box-Cox bao gom cac bién d6i ké trén nhur bién do6i can bac hai
(A =1/2), bién d6i nghich dao (A = -1), bién doi 16garit (A = 0)

Trong phan tich phuong sai khi gia thiét cac phuong sai ctia cic mirc s2 bang
nhau bi bac bé (qua kiém dinh Bartlett hay Levene) thi ¢ thé thuc hién mot s6 phép
bién d6i sau:

Néu phuong sai s? ciia cac muc ty 18 véi trung binh cong X, thi bién doi can bac
hai (VX hay VX +a)

Néu d6 léch chuan si ctia cac muc ty 1é v6i trung binh cong x; thi bién dbi

I6garit (In(X) hay In(X+a))

Thi du vé bién déi  arcsin,/p




Khoi thinh  Psai
Cong thuic K1 K2 K3 K4 K5 K6  Thinh  Psai
A 424 34.3 24.1 395 555 49.1 4082 122.07
B 33.3 33.3 5.0 263 302 286 2612 11440
C 8.5 219 6.2 160 135 154 1358 31.73
D 16.6 193 166 2.1 111 11.1 12.80 3828
Bién doi arcsin  / p /100 Tbhinh Psai
A 40.6285 3585 294 3894 4816 4448 3958 4333
B 35.244 3524 12.92 30.85 33.34 3233 2999 72.79
C 16.9506 279 1442 2358 21.56 23.11 2125 23.68
D 24.0435 26.06 24.04 8332 1946 1946 2023 41.16
Nguon SS df MS F xac suat
nhdn t6 1462 3 487.2 13.38 0.00016
khoi 3586 5 71.71 1.969 0.142
sai sO 546.3 15 3642
Toan bo 2366 23

Thi du vé bién d6i can bac hai (khi phuong sai ty 18 véi trung binh cong)

Céng thiic Khoi Thinh  Psai Ty 1é
KI K2 K3 K4 xtb % s?/ xtb

A 438 442 319 380 3948 33529 8.5

B 538 422 377 315 4130 8868.7 21.5

C 77 61 157 52 868 23003 26.5

D 17 31 87 16 378 11249 29.8

E 18 26 77 20 353 178625 22.3

C6 thé coi phuong sai ( s?) ty 1¢ véi trung binh cong (xtb)

Bién doi can bac hai

A

K1

2093 21.02

K2

K3

17.86

K4

19.49

xth

19.8

2.2




B 23.19 20.54 19.42 17.75 20.2 5.2

C 8.77 7.81 12.53 7.21 9.1 5.7

D 4.12 5.57 9.33 4.00 5.8 6.2

E 4.24 5.10 8.77 4.47 5.6 4.5

Bang phan tich phuong sai
Nguon SS df MS Ftn Flt

Nhdn t6 866.9556 4 216.739 53.300 3.259
Khoi 22.61308 3 7.538 1.854 3.490
Sai s& 48.7966 12 4.066
Toan bo 938.3653 19

Thi dy vé bién d6i 16garit (khi d 1éch chuan ty 1¢ véi trung binh cong )

Poi | chirng Trung | Phwong
binh sai
X 20 40 50 60 80 50 500
Ln(X) | 2.9957 | 3.6689 | 3.9120 | 4.0943 | 4.3820 | 3.8105 0.27535
Thi nghiém | =1,5x D6i Chimng
X 30 60 75 90 120 75 1125
Ln(X) | 3.4012 | 4.0943 | 4.3175 | 4.4998 | 4.7875 | 4.2201 0.2740

Vi thi nghiém bang 1,5 x ddi chtng nén rd rang trung binh cong ciia thi nghiém
gép 1,5 lan d6i ching va d6 1éch chuan cua thi nghiém ciing gip 1,5 1an dbi ching, noi
cach khac do 1éch chuén ty 18 voi trung binh cong.

Sau bién d6i do 1éch chuan ctia dbi ching va thi nghiém xap xi bang nhau
3- SO SANH CAC TRUNG BINH SAU PHAN TiCH PHUONG SAI

Khi phan tich phuong sai mot nhan t6 v6i a mirc: A1, Az, . . ., Aa dugc bang

phan tich phuong sai. So Fin voi F(a, dfA,dfE) trong bang. Néu Fn < F(a, dfA,dfE)




thi chap nhan gia thiét Ho: “Céc trung binh ciia cac mirc bing nhau”. Néu nguoc
lai thi bac bo Ho, tirc 1a chdp nhan Hi: “ Cac trung binh khong bing nhau”.

Sau khi phén tich phurong sai va két luan “Céc trung binh khong bang nhau” thi
van dé dat ra 1 cin so sanh cac trung binh dé biét cy thé cac trung binh nio bang
nhau, cac trung binh nao khac nhau.

Trong phan tich phuong sai mot nhan t6 msE dugc ky hiéu 1a se?, se goi 1 sai s6
thi nghiém, dfE 12 bac tu do cua sai sb.

Khi phan tich phuong sai hai hay ba nhan t6 thi c6 nhiéu gia thiét ing véi cac
trung binh khac nhau (trung binh ciia nhén t6 1, trung binh ciia nhén t6 2, trung
binh cda twong tac, . ..).

Dé kiém dinh gia thiét vé sy bang nhau cia mot loai trung binh phai tinh ty sd
Fin. Binh phuong trung binh ding 1am mau s trong Fin chinh 1a binh phuong cua sai
s6 dung trong viée udc luong va so sanh cac trung binh twong tng con bac tu do twong
g ctia mau s6 duoc goi la bac ty do cua sai $6.

Chung ta s& goi chung 1a: So s4nh cac trung binh ciia nhan t6 A véi sai s6 se
va bac tu do dfE.

3.1 So sanh tat ca cac trung binh (multiple comparaison) theo mdt ngudng.

Néu nhan t6 c¢6 a mic thi c6 a trung binh va nhu vay tat ca ¢ a(a-1)/2 cap trung
binh can so sanh. S& chon mot ngudng chung cho moi cip so sanh( trudc hét xét
truong hop s6 1an 1ap bang nhau).

Sai sb cua trung binh ctia mot muc:

- Se
SX=—=

Jr
C6 nhiéu phuong phap, thudng goi 1a kiém dinh (test), dé so sanh cac trung binh
Kiém dinh LSD

Khi wéc lugng gia tri trung binh thi nira chiéu dai khoang wéc luong bang:
% _ sk )
L=t(a/2,dfE)x —==1txsX
ﬁ

Khi so sanh hai trung binh thi dung ngudng kiém dinh:

LSD =t(a/2,dfE)x .|MSE x > =txs(X, —X,) @
r




Néu |x, -%| < LSD két luan hai trung binh mi va m; bang nhau
Néu | X, -%|> LSD két luan hai trung binh mi va m; khac nhau.

Goi hé s6 t(a/2, dfE) ¢ hai cong thirc (1) va (2) 1a hé s6 nhan t

Phuong phap LSD 1a phuong phap kinh dién dugc dung tir 1au va quen thudc voi
nguoi dung.

Céc nghién ctru sau nay chimg to néu ding kiém dinh LSD dé so sanh tit ca cac
cap trung binh thi :

Néu thi nghiém chi c6 2 mirc thi xac suét c6 két luan sai:* hai trung binh khac
nhau” khi gia thiét Ho dung tirc “1a hai trung binh bang nhau” s& 13 o (mtrc ¥ nghia).

Néu thi nghiém c6 a > 2 mirc va so sanh moi cip trung binh theo LSD véi mirc y
nghia a thi xac suét dé c6 it nhat mot cap trung binh bi két luan sai la “khac nhau”
trong khi gia thiét Ho 1a “c4c trung binh bang nhau” s& khong con 1a . ma 16n hon
nhiéu 1an. Thi du khi so hai trung binh véi a. = 0,05 néu c6 4 mirc, tirc 13 6 cip trung
binh, x4c suit co it nhat mot két luan sai c6 thé 16n hon 0,2.

Nhu vay chi nén dung LSD khi so sanh mdt cap ( hodc mdt vai cdp ) trung binh
nao d6 ma ching ta di c6 ¥ dd so sanh tir khi thiét ké thi nghiém chir khong nén dung
dé so sanh tat ca cac cip trung binh sau khi xur 1y dir ligu.

Kiém dinh Scheffé

Kiém dinh Scheffé ciing ding (1) va (2), nhung thay cho hé s6 nhan t 13 hé sd

nhan s g = \/dex F(a,dfA, dfE)

trong d6 dfA 1a bac ty do tmg véi binh phuong trung binh nam & tir s6 cua Fin, dfE 14
bac tu do cta sai sb, F(a,dfA,dfE) 1a gia tri t61 han trong phan phéi Fisher- Snedecor.

Phuong phap Scheffé dung dé so sanh moi cip trung binh va con mo rong dé
kiém dinh moi trong phan (contrast).

Kiém dinh Scheffé dugc goi 12 bao thu vi ngudng so sanh qua 16n.

Kiém dinh HSD ciia Tukey (con goi la kiém dinh Tukey - Cramer)

Kiém dinh HSD (Honestly significant difference) dua trén viéc nghién ctru cach
so sanh theo phuong phap LSD ddi v6i cip “trung binh nhé nhét va trung binh 16n
nhat” dé dua ra hé sb nhan w thay cho hé sé t trong (1) va (2).

_ J(a,a,dfE)
TR




q(a,p,dfE)= (ymaxs;_ymm)

q(o,p,dfE) dugc cho trong cc bang théng ké véi tén goi bang mot sd phén vi trong
phan phéi bién do kiéu Student(Selected percentiles of Studentized range distributions)
hay céc diém phan trim trén cta bién d6 kiéu Student(Upper percentage points of the
Studentized range), trong do:

o 12 mirc ¥ nghia cua kiém dinh

p 1a tham s6 ciia phan phéi bang s6 trung binh can so sanh (¢ diy p=a)

dfE 14 bac ty do cua sai sd.

Ngudng tinh theo HSD 16n hon ngudng tinh theo LSD va nhdé hon ngudng tinh
theo Scheffé.

Kiém dinh Bonferroni

Khi ¢6 k cip trung binh can so sanh thi dya trén nhan xét vé khuyét diém cia
kiém dinh LSD Bonferroni thay hé s6 nhan t trong (1) va (2) bang hé sd nhan t’

t=t(a /2, dfE) t"=t(a’,dfE) voi o’ =a/2k

Thi dy c6 5 trung binh can so sanh, tit cacok=5.4/2=10 cap

Gia st o = 0,05 va bac tu do dfE = 65

o =0,05 o’ = 0,05/ 20 = 0,0025 hay 0,25%
t= 1(0,025,65) = 1,997 t’ =1(0,0025,65) = 2,906
Thi du I

5 trung binh v&i sd lan lap r=14; a=0,05; dfA=4; dfE=65
t(0,025,65) = 1,997  F(0,05,4,65) = 2,513 (0,05,5,65) =3,975
m1 = 4,050; mz = 4,429; m3 = 4,900; m4 = 5,343; ms = 5,921; se = 1,633

Ngudng:
LSD 1,997 x 1,633 x F = 1,997 x 0,6172 = 1,233
14
3,975 x = x1,633x -2 =1,735
Tukey Cramer ’ J2 14
Bonferroni 2,906 x 1,633 x , /% =1,794

/4 x2,513 x1,633 x 1/% =1,957




Scheffé
Thi dy 2 6 cong thirc c6 trung binh :
A1 Az As Aq As As
13,3 14,6 18,7 19,9 24,0 28,8

a=6 r=5 dfA=5 dfE =24
s%=11,79  F(0,05,5,24) =2,62
t(0,025,24) = 2,064 q(0,05,6,24) = 4,37
S6 cap phaisosanh k=6.5/2=15 o’ = 0/30=0,05/30 =0,00167
t(0,00167, 24) = 3,28

Ngudng theo LSD 2,064 x | 11’7: X2 _ 4,482

13,3 14,6 18,7 19,9 24,0 28,8
a a
b b
c c
d d
€
437 [11,79x2 6.71
Ngudng theo Tukey  ~ /5 % 5
13,3 14,6 18,7 19,9 24,0 28,8
a a a a
b b b
c c
Ngudng theo Bonferroni 3,28 x  [1L79x2 _ 7123
5 y
13,3 14,6 18,7 19,9 24,0 28,8
a a a a
b b b
C c

Ngudng theo Scheffé

\/5x 2,62x11,79x2 _ 786




13,3 14,6 18,7 19,9 24,0 28,8

b b b
c c

Ba cach so sanh theo Tukey, Bonferroni va Scheffé cho két qua chia nhom
tuong tu nhau.

3.2 Nhiéu nguéng so sanh cho céc cip.

Néu sip xép cac trung binh tir nhé dén to thi c6 cac kiém dinh v6i nhiéu ngudng
so sanh, con goi 14 kiém dinh da bién d6 (multiple range test). Hai trung binh ké nhau
dung ngudng so sanh v4i tham sd p = 2, hai trung binh cach nhau mét (tirc 13 & giita
¢6 mdt trung binh) dung ngudng véi p =3, cach nhau haithip=4...

Kiém dinh Student-Newman-Keuls (Goi tit la kiém dinh S-N-K)

Cac ngudng so sanh

W(p) =q (o, p, dfE) sx= (o p.ofE) x [se”
\/ "

trong d6 q (o, p,dfE) 1a tri 1y trong bang cac phan vi trong phan phbi bién do kiéu
Student da gidi thi¢u ¢ muc Kiém dinh Tukey Cramer.
a 12 muc y nghia, p la tham sb , dfE 1a bac tu do cua sai sb, sX 1a sai s6 cua trung binh.

Thidy 2 voi dfE =24;se2=11,79;r=5 tacd

/11,79

Céc gia tri W(p) dé so sanh 6 trung binh

p 2 3 4 5 6
q(0,025,p,24) 2,92 3,53 3,90 4,17 4,37
W(p) 4.485 5,422 5.99 6,405 6,712
Ap dung vao 6 trung binh xép tir nho dén to ta c6 két qua sau:
13,3 14,6 18,7 19,9 24,0 28,8
a a a
b b b
c c c
d d

Kiém dinh Duncan




Kiém dinh Duncan ding cong thirc twong tu kiém dinh S-N-K nhung chon mirc
¥ nghia o tuy theo a - s6 cong thirc cin so sanh
a’=1-(1-a)?t
(thidua=3 a=0,05 o’ =0,0975 a=4 «’=0,14)
Duncan 14p ra bang s6 twong tu bang cac phan vi trong phan phéi cua bién do kiéu
Student, tir d6 tim dugc ngudng so sanh

R(p) = q(o’,p,dfE) sy = q(a’,p.afE) x [
r

p 2 3 4 5 6
q(o’,p,24) 2,92 3,07 3,15 322 | 3,28
R(p) 45 47 4.9 5,0 5,1

Ap dung vao thi du trén cho két qua tuong tu kiém dinh S-N-K
3.3 So sanh nhiéu trung binh khi s6 1in Lip khéng bang nhau
Khi uéc lugng trung binh m;j theo LSD phai thay sX trong cong thie (1) dbi véi
nira khoang tin cdy L bang sX, dé c6 cong thirc (1°)
L:t(a/Z,de)x%:tsti (1)
ri

Dbi v6i cac ude lwong theo Scheffé, Tukey Cramer, Bonferroni cling 1am twong tu.

Khi so sanh hai trung binh m; va m; véi s6 1an 1ap khac nhau thi phai thay 2/r trong
cong thirc tinh (X, —X;) bang (1/1i + 1/ 1j ) dé c6 (2°)

LSD =t(a/2,dfE) x /msEx(1 +£):txs(ii—¥j) (2")
ri

DPbi vai cac kiém dinh cua Scheft¢, Tukey Cramer, Bonferroni lam tuong tu.

Déi véi cac kiém dinh S-N-K va Duncan thi thay s

3.4 Mot s6 kiém dinh khac

Kiém dinh Dunnet

bing  [se (i_ + ri.)

! J

Khi so sanh cac trung binh néu c6 doi chirng thi nén dung cach ki€ém dinh

Dunnett (c6 thé kiém dinh mot phia va hai phia).




Déi v6i kiém dinh Dunnett thi dung bang sb riéng dé tinh hé sb nhan tp thay
cho hé s6 t trong cong thirc (2) ciia LSD. Néu s6 1an 1dp khong bang nhau thi thay 2/r
bang (1/1i + 1/ 1}).

Ngoai cac kiém dinh mot ngudng chung hodc nhiéu ngudng di néu trong cac
chuong trinh may tinh con mét sb kiém dinh khac nhu kiém dinh Tukey b, Waller-
Duncan, Hochberg GT2, Gabriel, Sidak, kiém dinh F cia REGW (Ryan-Einot-Gabriel-
Welsch), kiém dinh pham vi cia REGW.

Mot sb kiém dinh c6 cach tiép can rit méi va cac tinh toan kha phuc tap.

5- KIEM PINH KHI CAC PHUONG SAI CUA CAC MUC KHONG BANG NHAU

Mot trong nhitng gia thiét co ban ctia phan tich phuong sai 1a cac sai s6 phan
phéi chuan véi phuong sai bang nhau 2.

Khi so sanh céc trung binh sau phén tich phuong sai cic kiém dinh néu & cac phan
trén déu doi hoi cac phuong sai cia cic murc bang nhau.

Trong cac chuong trinh may tinh c6 cac kiém dinh khong doi héi cac phuong sai
cua cac muc béng nhau nhu kiém dinh T2 ctia Tamhane, Dunnett T3 va Dunnett C,
Games Howel.

Trong lac chd doi cac nghién ctru méi dé danh gia k§ hon céac kiém dinh thi theo
101 khuyén trong mot s tai liéu néu so sanh mét sé it cip trung binh da c6 ¥ d6 so sanh
tir trude c6 thé dung kiém dinh LSD, néu so sanh voi ddi ching thi dung Dunnett, néu
so sanh tat ca cac cip trung binh thi dung Tukey HSD. Néu sap xép cac trung binh theo
thir tu tir nho dén 16n sau d6 phan chia thanh mot sé nhém dong nhét thi dung kiém
dinh S-N-K hoidc Duncan, tuy nhién can cha y 1a tuy hai kiém dinh nay dwoc nguoi st
dung hoan nghénh vi don gian va sat thyc té nhung lai khong duge cac nha nghién ciru
Iy thuyét théng ké cong nhan vi c6 nhitng diém khong chit ché trong ching minh.

Tap | s6 4/2003 tap chi khoa hoc k§ thuat nong nghiép DHNN1. Nguyen dinh Hien.

M6 hinh ¢cé dinh, ngau nhién va hén hop trong phan tich phwong sai.
Use of fixed, random and mixed models in analysis of variance



nguyen hien
Typewritten text
Tập I số 4/2003 tạp chí khoa học kỹ thuật nông nghiệp DHNN1. Nguyen dinh Hien. 
Mô hình cố định, ngẫu nhiên và hỗn hợp trong phân tích phương sai.
Use of fixed, random and mixed models in analysis of variance
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