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9.1 BESTHEARRE

kAt Bk, Bt EBEEUTZANFA:

O BB RATRMI, n AMEAREBHIT C2 Kbk,

@ % £ R AR LB A ALE N AT, AR, #m
AR B 0 R A KT

© SKRIERMAF t oly, JUF— EMROMELIE I, I T 1A KK,
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9.1 BESTHEARRE

kAt Bk, Bt EBEEUTZANFA:

O BB RATRMI, n AMEAREBHIT C2 Kbk,

@ % £ R AR LB A ALE N AT, AR, #m
AR B 0 R A KT

© SKRIERMAF t oly, JUF— EMROMELIE I, I T 1A KK,

AT MRS ARG FHROLEFA, Fisher T 1918 428 77 24
#t (analysis of variance, ANOVA) &9 7 ik,
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9.1 TESTHEARE

9.1.1 TEDTHEARE

AEAT — AR I = A WMAE, 2R EMBALZ F09 L ZREA =
o X Ie [ & A k69 A2 AN (treatment effect, TE)
o XIbitAZ PAB KM A & k6917 = W (error effect, EE)
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9.1 TESTHEARE

9.1.1 TEDTHEARE

AEAT — AR I = A WMAE, 2R EMBALZ F09 L ZREA =
o X Ie [ & A k69 A2 AN (treatment effect, TE)
o XIbitAZ PAB KM A & k6917 = W (error effect, EE)

z; — 7 =TE+EE (9.1)
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9.1 TESTHEARE

9.1.1 TEDTHEARE

& 9.1 BRFE kKR (4 n AWRME) 898 FTH K

g A P
11 121 T Li1 e L1
Z12 T22 e T2 e T2
Z1j L2j e Tij e Tkj
Tin T2n e Tin, e Tin
3 n n n n
S CHED DR T EED DR LD DA ST DR/ B D) DY
FH 5K Tq. Ta. s T;. s Tk. T..
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9.1 TESTHEARE

9.1.1 TEDTHEARE

AE— IR T AL T A
Ty = Wi + €45 (9-2)

k ANAEAS B kAP EAR, BAADEBARIA LT pi. REIZELERMN
EASA, B g5 ~ N(0,02),
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9.1 TESTHEARE

9.1.1 TEDTHEARE

AE— IR T AL T A
Ty = Wi + €45 (9-2)

k ANAEAS B kAP EAR, BAADEBARIA LT pi. REIZELERMN
EASA, B g5 ~ N(0,02),

pi 5 op e E, L2 A RES i ARFHREZLE, T i,
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9.1 TESTHEARE

9.1.1 TEDTHEARE

AE— IR T AL T A
Ty = Wi + €45 (9-2)

k ANAEAS B kAP EAR, BAADEBARIA LT pi. REIZELERMN
EASA, B g5 ~ N(0,02),

pi 5 op e E, L2 A RES i ARFHREZLE, T i,
PPoy = g — fho

Tij = p+ Qi + &g (9.4)
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9.1 TESTHEARE

9.1.1 TEDTHEARE

AE— IR T AL T A
Ty = Wi + €45 (9-2)

k ANAEAS B kAP EAR, BAADEBARIA LT pi. REIZELERMN
EASA, B g5 ~ N(0,02),

pi 5 op e E, L2 A RES i ARFHREZLE, T i,
PPoy = g — fho

Tij = p+ Qi + &g (9.4)

B R FRB A RFRA (LR, linear model) .
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9.1 TESTHEARE

9.1.1 TEDTHEARE

ARYE AL TR AR R, WL 69 AR R T XA A AT = AP KA
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9.1 TESTHEARE

9.1.1 TEDTHEARE

ARYE LA BT R, ML AE 69 RAEBE R FT A5 A VAT =4 KA
o [T MR (fixed effect model) ST 4545 R p i & 84 4k 72 3 51

1,02, -+, Qg ;ZTS;% iéﬁ%%(}
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9.1 TESTHEARE

9.1.1 TEDTHEARE

ARYE LA BT R, ML AE 69 RAEBE R FT A5 A VAT =4 KA
o [T MR (fixed effect model) ST 4545 R p i & 84 4k 72 3 51
ar,Qg, o AGEE N E E.
o AL R AHEA (random effect model) L3545 R & pr i & 64 4k 72 3 5
o, 0, o AR AR AEE, BRAESSH N(0,02).
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9.1 TESTHEARE

9.1.1 TEDTHEARE

ARYE LA BT R, ML AE 69 RAEBE R FT A5 A VAT =4 KA
o [T MR (fixed effect model) ST 4545 R p i & 84 4k 72 3 51
0, ap ARRE AT E.
o AL R AHEA (random effect model) L3545 R & pr i & 64 4k 72 3 5
o, 0, o AR AR AEE, BRAESSH N(0,02).
* AVMHFLZAFRETY, wRAABD LS F, XHMMMEEFE,
AR L AR R 09 LRAPERE R AAR AR B R A (mixed effect model).
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9.1 TESTHEARE

9.1.1 TEDTHEARE

Tij = ,LL—|—O(Z'—|—€ij (94)
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9.1 TESTHEARE

9.1.1 TEDTHEARE

Tij = ,LL—|—O(Z'—|—€ij (94)

A B KRR
Ty =T+ a; + e (95)

'YN3010180007 11 / 57



9.1 TESTHEARE

9.1.1 TEDTHEARE

Tij = ,LL—|—O(Z'—|—€ij (94)
A B KRR

Ty =T+ a; + e (95)

Ty — X = a; + e (96)
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9.1 TESTHEARE

9.1.1 TEDTHEARE

Tij = ,LL—|—O(Z'—|—€ij (94)
A B KRR

Ty =T+ a; + e (95)

Ty — X = a; + e (96)

F XL DT 2T kn AL BAE KT £,

nk —\2
i= (7; — T)
2 — Zkln—l (9.7)
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9.1 TESTHEARE

9.1.2 FHMEBHESH FE by

FEHAFTEZX 0T 2T F, HAWMNEY TAd — LT A R4,
] A7

k n
SS = Z Z(l‘zj — 5)2

i=1 j=1

R Fy & B ) % F 7 19 (total sum of squares).
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9.1 TESTHEARE

9.1.2 FHMEBHESH FE by

k n
SS = Z Z((Iﬁw — T + T — E)Q

i:l jzl 2

= ZZ [(xlj —Z) + (T4 — 55)}
=1 j=1

- zk’: zn: [(xz‘j — )" + (T — )7 + 2wy — T0) (Ti — 95)]
=1 j=1

k n kK n kK n
=D (g —F) DD (F—T)P+2) ) (4 — Ti) (T — T)

=1 j=1 =1 j=1 i=1 j=1
(9.8)

'YN3010180007 14 / 57



9.1 FENTRHNERRIE
9.1.2 FHANEBEHEN R
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9.1 TESTHEARE

9.1.2 FHANEBEHEN R

k n k n
DD (wg—m)@—2) =) @ —2) ) (35—7)  (99)
i=1 j=1 i=1 j=1
k n
SS = ZZ Ty — T ZZ(E —7)?
= 1] 1 i:lj:l (910)
= Z Z(% T Z n(z; — T)
i=1 j=1 i=1

'YN3010180007 15 / 57



9.1 TESTHEARE

9.1.2 FHMEBHESH FE by

k n
SS=>" (e — %)+ > n(@: —7)° (9.10)

i=1 j=1 i=1
BB EF T A SS AR A VAT R
o« F Sy (wy —Ti)?, ARA UL EH ZF D7 A0 (sum of squares within
groups), E4E SS..

o S8 (T —7)2, ARHUERET A (sum of squares between groups),
=1
ie4E SS;.
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9.1 TESTHEARE

9.1.2 FHMEBHESH BHES R

° YLMALEAE AT EG QM EA df =kn— 1.
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9.1 TESTHEARE

9.1.2 FHMEBHESH BHES R

o WMEEAEART £09AHEA df =kn— 1.
e REFAENEAYNES dfe=k(n—1),
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9.1 TESTHEARE

9.1.2 FHANEBEHEN R

o WMEEAEART £09AHEA df =kn— 1.
e REFAENEAYNES dfe=k(n—1),
o WHFEMBMEN dfi =k — 1,
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9.1 TESTHEARE

9.1.2 FHANEBEHEN R

o WMEEAEART £09AHEA df =kn— 1.
e REFAENEAYNES dfe=k(n—1),
o WHFEMBMEN dfi =k — 1,

df = df, + df. (9.19)
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9.1 TESTHEARE

9.1.2 FHANEBEHEN R

IR

[\

/
JIANA

(@

AN

—

A 9.1 ZaM KRG FEA

'YN3010180007

18 / 57



9.1 TESTHEARE

9.1.2 FHANEBEHEN R

& 9.2 5 A F oy RE G &SRR

= 2 WAL A B C D E
obsl 81.2 75.1 82.3 79.8 75.6
obs2 79.8 77.3 83.7 80.5 74.9
obs3 81.6 76.8 81.9 78.9 76.3
obs4 81.1 75.5 82.5 81.2 75.8
obsb 81.9 78.1 83.2 79.4 74.0
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9.1 TESTHEARE

9.1.2 FHANEBEHEN R

& 9.2 5 A F oy RE G &SRR

= 2 WAL A B C D E
obsl 81.2 75.1 82.3 79.8 75.6
obs2 79.8 77.3 83.7 80.5 74.9
obs3 81.6 76.8 81.9 78.9 76.3
obs4 81.1 75.5 82.5 81.2 75.8
obsb 81.9 78.1 83.2 79.4 74.0

s> =8.778233, 7 =48.3224, s> =0.8694
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9.1 TESTHEARE

9.1.3 NEMN S ENEFHE

LR £ R oA 09 St e, RERBOBART E 2 RFEREFT
REQERT £ 020 BF

'YN3010180007



9.1 TESTHEARE

9.1.3 NEMN S ENEFHE

TR RT £ 57 HFME, A

k

E(s?) = kflE(Z(ai —a)2> +07 (9.30)

i=1
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9.1 TESTHEARE

9.1.3 NEMN S ENEFHE

TR RT £ 57 HFME, A

k

n — 2
B() = HE(gm - a)?) T o2 (9.30)
Jo RIXBLRAEFLCEH T UNERE L a=0, mE3INKFGZEE o
HAFE
k

n
E(s?) = y— g a? + o2 (9.31)
1
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9.1 TESTHEARE

9.1.3 NEMN S ENEFHE

SRR R T E ST MR FIME, A

k

E(s}) = kf1E<Z(ai —)2> + o2 (9.30)

i=1
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9.1 TESTHEARE

9.1.3 NEMN S ENEFHE

SRR R T E ST MR FIME, A

k

BE(s?) = kf1E<Z(ai —a) ) + o2 (9.30)

i=1

do BRI R F A AER, AR EAKFGABAE o RFZ
=, mARM N(O,Ua) REME 2,

E(s%) = no? + o2 9.33
t «@ e
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9.1 TESTHEARE

0.1.4 BEMHRKRE—F K%

F R m e FE>ME BT T, WA

82 0’2
F=x=t (1)
sz o?
it F oA dg 8w B R A k—1 F2 k(n— 1),
5 / 57
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9.1 TESTHEARE

0.1.4 BEMHRKRE—F K%

F ke m RE & 25 F Ty, WA

2 2
S g

=2t Ze 1
2 X o2 (1)

Wit F A e AmESANA k—1F k(n—1),

EABH, BATMEE oF =02 K.
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9.1 TESTHEARE

0.1.4 BEMHRKRE—F K%

F ke m RE & 25 F Ty, WA

Wi F e amEL>RA k—1F k(n—1),
BRI, BEFBIE 0F =02 Ko

of = E(s{) = nng + 0
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9.1 TESTHEARE

0.1.4 BEMHRKRE—F K%

F ke m RE & 25 F Ty, WA

2 2
FZQXO_*% (1)

Wi F e amEL>RA k—1F k(n—1),
BRI, BEFBIE 0F =02 Ko

of = E(s{) = nng + 0
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9.1 TESTHEARE

0.1.4 BEMHRKRE—F K%

RIFREAR I — B AR, M F AR T
O HBERAIFAGRE, RETBE Hy: 07 =02, &HMBX
Hy:0? > 02,
@ LRI EHKT =005
© it HAKBLitER P {Ei;
o BIGItE F, = % = % ~ 55.581;
o B F ity Pi: P(F>F,~55.581|Hy) = 1.49222¢ — 10,
O #h st i,
ARAREZN O REOLESFAAGITFEEL LG EEZ F.
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9.1 TESTHEARE

0.1.4 BEMHRKRE—F K%

k935 M AEFZM h REGLERN T EZoMk

KHER FIrfe SS AW A df FE s F {4 P 1k
FAFE (4E) 193.2896 4 48.3224 55.58132 1.49222e-10
T (LER) 17.388 20 0.8694
BEEH 210.6776 24
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h A
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O FTENTTHEARRHE

% Frhig
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9.1 TESTHEARE

9.1.6 ZELEER

SHTFE R, FhiFhARE 2R84, ULE%RE 02 #0,
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9.1 TESTHEARE

9.1.6 ZELEER

sFE AR, FARBRAEAREEFOEE, RRERE 02 # 0
KRS EWE S (LHF S ERERR) 0l

o /NI Z 4, (the method of least significant difference, LSD)
o /N E M (the method of least significant range, LSR)
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

WAL AR SR, ARt B ¢ = (BTl

sil —Z9

% Hy REw = po, ARBGEIE t = D2,

ST, T
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

WAL AR SR, ARt B ¢ = (BTl

_ 531 =T
L Hy A p1 = p2, ARBRHEHE L= 71—

ST, T

LEWAF a =005 GRELEEE [t] > loos.ae
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

WAL AR SR, ARt B ¢ = (BTl

_ %7~y
5 Ho Mif o = po, AEBAE L= 172

LEWAF a =005 GRELEEE [t] > loos.ae

|T1 — Za| > t0.025.df X Sz,—%
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

AT A AT IO, it ¢ = B lun),

_ %7~y
5 Ho Mif o = po, AEBAE L= 172

R2FMHKF a=0.05 GRELRRTEE |t] > .02,

|T1 — Za| > t0.025.df X Sz,—%

3 RHg £ L B BF KPR E A

LSDo.0s = .025,df X S71—7» (9.38)
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSDo.05 = t0.025,20 X 5z,—7, = 2.085963 x 0.5897118 = 1.230117 (9.39)

LSDo.o1 = 0.005.20 X Sz, 7, = 2.84534 x 0.5897118 = 1.67793
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSDo.05 = 0.025.20 X Sz, 7, = 2.085963 x 0.5897118 = 1.230117 (9.39)
LSDo.o1 = 0.005.20 X Sz, 7, = 2.84534 x 0.5897118 = 1.67793 '

945 FRAEZN AR FOL AN S T L& (LSD &%)

AL T FHHEA a=0.05 a =0.01

C 82.72 a A
A 81.12 1.60 b AB
D 79.96 1.16 b B
B 76.56 3.40 c C
E 75.32 1.24 d C
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSD % R AREMT AR ¢ e AE L B b, 2085 — X4RTH
P 2 69 19 AT IR ko
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSD % R AREMT AR ¢ e AE L B b, 2085 — X4RTH
P 2 69 19 AT IR ko

I KT JZHK (the inflation of the significance level)
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSD % R AREMT AR ¢ e AE L B b, 2085 — X4RTH
P 2 69 19 AT IR ko

I KT JZHK (the inflation of the significance level)

HHER C Kt Bk, fuf—XBEamE A=1-(1-0)C, XFa
B — kA ) BB AT
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSD % R AREMT AR ¢ e AE L B b, 2085 — X4RTH
P 2 69 19 AT IR ko

I KT JZHK (the inflation of the significance level)

HHER C Kt Bk, fuf—XBEamE A=1-(1-0)C, XFa
B — kA ) BB AT

a=1-(1-A)T
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

LSD % R AREMT AR ¢ e AE L B b, 2085 — X4RTH
P 2 69 19 AT IR ko

I KT JZHK (the inflation of the significance level)

HHER C Kt Bk, fuf—XBEamE A=1-(1-0)C, XFa
B — kA ) BB AT

a=1-(1-A)T

A=0.05, «a=0.00512
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

Sidak &% R 2| 9 R, £ EA T EII I T AT, Pk
%A Y it 5 R Sture Holm /& 1979 S£32 % 7 —#b & T Bonferroni &~
% X (# 4 Bonferroni 7%) #&Mlit FH X

A

ar —

C
E4% 10 k89 t A%, A Bonferroni JA#FiEJE 4 o ~ 0.005,
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9.1 TESTHEARE

9.1.6 ZELK RNBEZERCE

Sidak &% R 2| 9 R, £ EA T EII I T AT, Pk
%A Y it 5 R Sture Holm /& 1979 S£32 % 7 —#b & T Bonferroni &~
% X (# 4 Bonferroni 7%) #&Mlit FH X

ar —

C
E4% 10 k89 t A%, A Bonferroni JA#FiEJE 4 o ~ 0.005,

Bonferroni %232 44 1k 4F R R K RS 69 B F K FHIE S EZ —
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9.1 TESTHEARE

9.1.6 ZELK RNBEREE

/N T W 2 % (the method of least significant range, LSR) & /&£ — &
RFEFMRKRTF o b, B3HEREIEEEFHRDMELSR;, REL5L
413 F 2 £ BT AR GG T k.

® Tukey's HSD (honestly significant difference) %
® SNK (Student-Newman-Keuls) %
o A MM EMIE (XLHR Duncan %)
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9.1 TESTHEARE

9.1.6 ZELK RNBEREE

Tukey's HSD %% 23t H i B/ A2 9 69 T R £ BAAr ik, REHK
5 AL E A (studentized range distribution) sk vk 2 40 2 18] A

ZTmax — Tmin ZTmax — Tmin
g = 9.40
Gk, df - s (9.40)
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9.1 TESTHEARE

9.1.6 ZELK RNBEREE

5 LSD EEM, 5 qrap > dakds B Tmax — Tmin £ @ KFEHFAR
ZFEFo FTAa RFEHRNZEMEA

2
LSRa = Qo,k,dfy X % (9.41)
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9.1 TESTHEARE

9.1.6 ZELEER

4995 A EN X EGLESFEN S TLEK (a=0.05)

% 34 # LSD LSD-+bonferroni Tukey SNK Duncan
C 82.72 a a a a a
A 81.12 b ab ab b b
D 79.96 b b b b b
B 76.56 c c c c c
E 75.96 d c c d
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T oM B AR
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9.1 TESTHEARE

9.1.7 HZENITHEREMF

© s 8T Ak
® R E S ESR
© = £ £ KR
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@ ERERFGENT
20 79 YL A4 4% B AR 4
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9.2 BRRGEDT

9.2.1 HANNEHENRS

5 KNG N3 5—HE4E, ICRAHEFFR=N4EEHR 8 LEM45 Gk
BARAREE) WHAERKE (I calvesWeight FIEE). RAHTEZELTRERE
HRXRAMNEEF BN EEFRERTR BENZIT.
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9.2 BERKRFENHT

9.2.1 HANNEHENRS

7 £ 59 Bartlett #5:

> data(calvesWeight)
> bartlett.test(weight ~ sire, data = calvesWeight)

Bartlett test of homogeneity of variances

data: weight by sire
Bartlett’s K-squared = 6.8291, df = 4, p-value = 0.1452

'YN3010180007



9.2 BERKRFENHT

9.2.1 HANNEHENRS

REESHEAL:

> aov.fit <- aov(weight ~ sire, data = calvesWeight)

> resid <- residuals(aov.fit)
> shapiro.test(resid)

Shapiro-Wilk normality test

data: residuals(aov.fit)

W = 0.97839, p-value = 0.6301
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9.2 BERKRFENHT

9.2.1 HANNEHENRS

Ty Z T

> fit.lm <- 1lm(weight ~ sire,

> anova.table <- anova(fit

Analysis of Variance Table

Response: weight

.1m);

anova.table

Df Sum Sq Mean Sq F value Pr(>F)

sire 4 5591.2 1397.79

Residuals 35 16232.8 463.79

¢

Signif. codes: O *ok ok

0.001

‘xx” 0.01

data = calvesWeight)

3.0138 0.03087 =
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209 ML B # AR
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@ FRRTTENM

F &l t Aiex

YN3010180007 48 / 57



9.2 BRRGEDT

923 F K5 t REHEER

X 8.8 HAYEEAREIE (sleep RS, IHIEHRZENHT.
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9.2 BRRGEDT

923 F K5 t REHEER

X 8.8 HAYEEAREIE (sleep RS, IHIEHRZENHT.

15 (8.8)

AL AILZIRS (RS 1 T 2) MR, 27ABHIER 10 2KRERS, &
BXINERA—RFIEREROEKKE (R BHHIEE datasets B sleep
HIEE). AREKE =005 T, WEORMHRZRANTIELEEEZR?
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9.2 BERKRFENHT

923 F K5 t REHEER

Ty Z T

> data(sleep)
> anova(lm(formula = extra ~ group,

Analysis of Variance Table

Response: extra

Df Sum Sq Mean Sq F value
group 1 12.482 12.4820 3.4626
Residuals 18 64.886 3.6048

¢

Signif. codes: 0 ‘*xxx’  0.001 ‘*xx’

data =

Pr (>F)
0.07919

sleep))
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9.2 BERKRFENHT

923 F K5 t REHEER

A

> t.test(extra ~ group,

Two Sample t-test

data: extra by group

data = sleep, var.equal = T)

t = -1.8608, df = 18, p-value = 0.07919

alternative hypothesis:

true difference in means between

group 1 and group 2 is not equal to O

95 percent confidence interval:

-3.363874 0.203874

sample estimates:

mean in group 1 mean in group 2

0.75

2.33
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© VARTTENHT
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9.3 WHAERFENHT

o LEH ML XE & F £ 5
o B & A ML R & T £ 5
o T H YLMAE R F 6B & T E 5
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9.3 WHAERFENHT

R F T AR BFAER:

Tk, = po+ o + B + (af) g + e (9.46)
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9.3 WHAERFENHT

R F T AR BFAER:

Tk, = po+ o + B + (af) g + e (9.46)

L & 69 20k B A1) 69 EAR B8 A A E) AR A AT
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