Chapter 13

e Multiple comparisons. Tukey’s test. ny = ny = ... = ni = n. Testing simulta-
neously Hy : p; = p; for all 7 # j. Denote

S o 5 S

If 0 & 1;;, then Hy : p; = pu; is rejected.
e Randomized complete block design. Model
Yi=p+to+8+e;, t=12,..,k j=12..,0b.

«; is the effect of the i-th treatment, 5, is the effect of the j-th block, errors ¢;; are
independent, €;; ~ N(0,0?). Hypothesis

H[)iOq:CtQ:...:Oék:O

Hiy : «a; # 0 for at least one ¢

e Means and sums of squares:

B 10 - 1k ~ 1 kb
Y :Eznw YJ:%ZY;J’ Y :ﬁzzy”’
j=1 i=1 i=1j=1
kb
SST:ZZ(Y;J—YP
i=1 j=1
(total sum of squares),
kb ko
SSA=3"3(V; ~V.)2=b> (Y, - V)
i=1j5=1 =1

(treatment sum of squares),

SSB =33V, ~ V. =KXV, V)

1=1j5=1 7j=1

(block sum of squares),

k n
SSE =35 (Y, ~ Vi -V, + V)

i=1j=1

(error sum of squares).

e Under H,
SSA/(k—1)

~ Fi 1 (h—1)(b—1)-
SSE/(k—1)(b—1) k—1,(k—1)(b—1)
Test: if F'> for—1,(k—1)(b—1), then Hy is rejected.

F =



Chapter 14

e Two-factor ANOVA. Two factors A and B. A has a levels, B has b levels.
There can be interactions. Model

K]k =M+ +ﬁ] + (Oéﬁ)” + €ijk, L= 1727 ey @y .] = 1727 "'7b7 k= 1727 ey T

where e-s are independent and ~ N (0, 0?), and

a b a
ZO@ = O, Zﬁ] = O, Z(OZB)U = 0, (Oéﬁ)ij =0.
i=1 j=1 i=1

b
=1

J

e The three hypotheses:

1.
H:op=as=..=0a,=0
Hj : «a; # 0 for at least one 4
2.
H(’)’:51:52:...:ﬂb:()
HY' : B; # 0 for at least one j
3.
H(/]” . (O{ﬂ)ll = (Oéﬁ)lz =..= (Oéﬁ)ab =0
H": (af)ij # 0 for at least one (i, j)
e Means:
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= — ijk
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Sums of squares:
SSA=bn (Vi — V)2
i=1
(sum of squares for factor A),
b
SSB=an) (Y; —Y.)’
=1
(sum of squares for factor B),
a b
SS(AB) =nY. Y (Vi — Vi =V, +V.)?
=1 j=1



(interaction sum of squares),

a b n
SSE =222 (Vi =
i=1j=1k=1
(error sum of squares),
SST = Z Z ijk T
i=1 j=1k=1

(total sum of squares).
e Sum-of-squares identity

SST = SSA+ SSB+ SS(AB) + SSE.
e SSA, SSB, SS(AB), SSE are independent and

SSE 9
oz ~ Xab(n—1)>
51;9;4 ~ x2_, under H),
S(;S;B ~ X3_, under H{,
SS;XB) ~ X%aq)(bq) under Hy',

o 1. Test statistic
SSA/(a—1)

SSE/ab(n — 1)

F1:

has (under H{) F-distribution with a — 1 and ab(n — 1) degrees of freedom.

Fi > faa—1,ab(n-1), then Hj is rejected.
2. Test statistic
SSB/(b—1)

SSE/ab(n — 1)

Fy =

has (under H{/) F-distribution with b — 1 and ab(n — 1) degrees of freedom.

Fy > fap-1,ab(n—1), then H{ is rejected.

3. Test statlstlc
SS(AB)/(a—1)(b—1)
SSE/ab(n — 1)

F5 =

It

It

has (under H}") F-distribution with (a —1)(b—1) and ab(n — 1) degrees of freedom.

If F3 > fo (a—1)(—1),ab(n—1), then H{" is rejected.



