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Intrablock analysis of BIBD

Consider the model

Vi=u+Bi+r+g; 1=12,..,b J=12,..v,

where )
y7; is the general mean effect;
B is the fixed additive i™ block effect;
7| is the fixed additive j" treatment effect and
& is the iid. random error with &, ~ N(0,0°).

We don’t need to develop the analysis of BIBD in the beginning. Since BIBD is also an incomplete block design and the
analysis of incomplete block design has already been presented in the earlier module, so we implement those derived

expressions directly under the set up and conditions of BIBD.

Using the same notations, we represent the

Vv
= blocks totalsby B, = Z Yi

i1

b
= treatmenttotals by V, =>"y,
i=1
= adjusted treatment totals by Q; and
b \

= grand totalby G=) Dy

=l j=1



The normal equations are obtained by differentiating the error sum of squares. Then the block effects are eliminated from the

normal equations and the normal equations are solved for the treatment effects. The resulting intrablock equations of

treatment effects in matrix notations are expressible as

Q=C7.

Now we obtain the forms of C and Q in the case of BIBD.
The diagonal elements of C are given by

0 2
2N
c; =r-=— (j=12,..v)
k
L

c

The off-diagonal elements of C are given by
12 S
Cjp =—E§n"—nu. (#0%0,0'=12,..,v)

A

o



The adjusted treatment totals are obtained as
1 b
Q, =V, —EZnijBi (j#12,...,v)
i=1

=V, _lz B
bk i

where Z denotes the sum over those blocks containing j" treatment.
i(j)
Denote

T, =) B, then
i

T
Q; =V, Tk

The C matrix is simplified as follows:

c-n-NN
k

1 .
=rl —E[(r—l)l +AE,E,

k-1) 4 .
rr—|+—(I-E_,E,
( k )+k( vl VI)

v-1) A4 .
Al— |+—(1 -EE,
(k) k( vl VI)

:/I_V |_Ev1E\'/1 )
k v



Since C is not a full rank matrix, so its unique inverse does not exist. The generalized inverse of C, denotedas C™, is

which is obtained as
o -1
c - [C+_Ev1Ev1j |

Vv
Since
C = ﬂ | — Ele\lll
k(" Vv
or k_C — Iv _ Elevl ’
AV v

the generalized inverse of %C is
Y

-1 r . -1
(Lj C— — C + Elevl ’:|
Vv

Vv Vv

r 0 . -1
— | _ Elevl + Elev1i|
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Thus C™ =—1..
K

Thus an estimate of 7 is obtained from Q =Cr as

7=CQ

AV
_?Q.



The null hypothesis of our interestis H,:7, =7, =...=7, against the alternative hypothesis H, : at least one pair of 7;'s

is different. Now we obtain the various sum of squares involved in the development of analysis of variance as follows.

The adjusted treatment sum of squares is

SSTree\t(adj) = ’2: I Q
K A
_EQ Q
k &
Y

j=1

The unadjusted block sum of squares is

b Bi2 GZ
SSBIock(unadj) = ZT - b_k

i=1

The total sum of squares is

b v ) GZ
SSrow = z Z Yij _W-

i=1 j=1
The residual sum of squares is obtained by

SSError(t) = SSTotal - SSBlock(unadj) - SSTreat(adj)'



Atestfor H;:7, =7,=..=7, isthen based on the statistic

v

E — SSTreat(adj) / (V_l)
T SSeer | (Bk—b—v+1)

- 2
_ k bk=b-v+1 ;Q"
A v=1 SS.m

If F, > F 1oy then Hg, is rejected.

This completes the analysis of variance test and is termed as intrablock analysis of variance.

This analysis can be compiled into the intrablock analysis of variance table for testing the significance of treatment effect

given as follows



Intrablock analysis of variance table of BIBD for H,:7, =7, =...=71,
Source Sum of squares Degrees of Mean squares F
freedom
Between treatments (adjusted) SSTreat(adj) v-1 MS. - SS+reatadi) MS;, ..
treat V _1 MSE
Between blocks SS b-1 MS. = SsError(t)
Block (unadj) E T Dk—b_vil

(unadjusted)
Intrablock error SSeror(t) bk-b-v+1

(by substraction)
Total . G’

ota SSTotaI = ZZ Yii _b_k bk -1
i

In case, the null hypothesis is rejected, then we go for pair-wise comparison of the treatments.

For that, we need an expression for the variance of difference of two treatment effects.
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