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Math 181B

1 Review

1.1 Randomized Block Design

From the lecture slides, we have

Figure 1: The illustration of the RBD

We assume
Yij = µj + βi + εij

where εij are i.i.d. normally distributed with mean zero and variance σ2, for i = 1, 2, . . . , b and
j = 1, 2, . . . , k.

We define

• Total sum of squares: SSTOT =
∑k

j=1

∑b
i=1

(
Yij − Ȳ..

)2
.

• Treatment sum of squares: SSTR =
∑k

j=1

∑b
i=1

(
Ȳ.j − Ȳ..

)2
=

∑k
j=1 b

(
Ȳ.j − Ȳ..

)2
.

• Block sum of squares: SSB =
∑b

i=1

∑k
j=1

(
Ȳi. − Ȳ..

)2
=

∑b
i=1 k

(
Ȳi. − Ȳ..

)2
.
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• Error sum of squares: SSE =
∑k

j=1

∑b
i=1

(
Yij − Ȳ.j − Ȳi. + Ȳ..

)2
.

Some facts:

• SSTOT = SSTR + SSB + SSE.

• SSTR, SSB, and SSE are independent random variables.

• When H0 : µ1 = µ2 = . . . = µk is true, SSTR /σ2 has a chi square distribution with k − 1 degrees
of freedom.

• When H0 : β1 = β2 = . . . = βb is true, SSB/σ2 has a chi square distribution with b − 1 degrees of
freedom.

• Regardless of whether the µj ’s and/or the βi ’s are equal, SSE /σ2 has a chi square distribution
with (b− 1)(k − 1) degrees of freedom.

• When H0 : µ1 = µ2 = . . . = µk is true,

F =
SSTR /(k − 1)

SSE /(b− 1)(k − 1)

has an F distribution with k − 1 and (b− 1)(k − 1) degrees of freedom.

• When H0 : β1 = β2 = . . . = βb is true,

F =
SSB /(b− 1)

SSE /(b− 1)(k − 1)

has an F distribution with b− 1 and (b− 1)(k − 1) degrees of freedom.
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