
System of Confounding in a 2n Factorial Experiments:

Let us suppose that  we have 5 factors A,B,C,D, and E each at two levels,giving 32
treatment combinations in all. We wish to use blocks of 8 experimental units. The
experiment will consist of  4 blocks of 8 units and there will be 3 effects or interactions
confounded with the blocks. Suppose two factors BCD and CDE and their interactions
BE are to be confounded.

If we confound the interaction BCD, the treatment combinations fall into two groups,
each group consisting of the 2 blocks namely:

: (1), , , , , , , , , , , , , , ,bc bd cd a abc abd acd e bce bde cde ae abce abde acde

: , , , , , , , , , , , , , , ,b c d bcd ab ac ad abcd be ce de bcde abe ace ade abcde .

If we confound the interaction say, CDE, the treatment combinations fall into two
groups, each group consisting of the 2 blocks namely:

: (1), , , , , , , , , , , , , , ,cd ce de a acd ace ade b bcd bce bde ab abcd abce abde

: , , , , , , , , , , , , , , ,c d e cde ac ad ae acde bc bd be bcde abc abd abe abcde

If each of the comparisons (α) vs (β) and  (γ) vs (δ) are to be block comparisons, the
blocks must contain the common treatment combinations of the followings:

(1): treatments common in (α) and (γ)

(2): treatments common in (α) and (δ)

(3) treatments common in (β) and (γ)

(4) treatments common in (β) and (δ)

The four blocks will be represented as given below:

(1) (2) (3) (4)
(1) e b c
cd cde bcd d
a ae ab ac
acd acde abcd ad
bce bc ce be
bde bd de bcde
abce abc ace abe
abde abd ade abcde



The interaction BCD is equal to the block (1) and block(2) vs block(30 and block(4), and
the interaction CDE is equal to the block(10 and (3) vs block((2) and block(4). There are
three orthogonal contrasts among the four blocks nd there is a third orthogonal contrast
to each of these namely block(1) and block(4) vs block(2) and block(3). It can be
verified in fact easily the interaction BE. This enables an easy enumeration of system of
confounding. In general in a 2n factorial experiment, the number of blocks will be 2n/k
where k is the block size. Then we have to confound 2n/k-1 effects.

Confounding
It is the technique by which the precision on the main effects and certain interactions
generally they are of lower order is increased by the sacrifice of precision on certain
high order interactions.

Complete Confounding: when the same interaction is confounded in all the replicates,
it is known as complete or total confounding.

The analysis procedure is same as factorial experiment. Only  one degree of freedom is
lost from treatment and increased in error because the same interaction is confounded
in all the replicates.

Partial confounding: is used when we want to divide the replicate into homogeneous
smaller blocks and also don’t want to lose information on any of the interactions. In
partial confounding different effect is confounded in different replicate. So that the
interaction effect can be estimated from the remaining of the replicates in which that
effect was not confounded.

In partial confounding also the analysis procedure is same as factorial experiment. Here
the calculation is only changed in calculation of sum of square of partially confounded
effects.

Objective: Analysis of data of complete confounding
Kinds of data : The following data relate to  complete  confounding of   23 experiment
of the Factors A,B,C and the experiment is conducted in 4 replications. In each replicate
the interaction ABC is confounded..
Effect ABC
confounded

Replicate1 Replicate2 Replicate3 Replicate4

Blocks (i) (ii) (i) (ii) (i) (ii) (i) (ii)
(1)
19.1

a18.6 (1)20.7 a25.9 (1)23.4 a22.2 (1)19.1 a23.6

ab 19.2 b18.2 ab22.1 b23.0 ab20.4 b21.0 ab21.9 b23.7
ac18.8 c19.0 ac21.2 c24.9 ac23.2 c23.6 ac18.6 c21.0
bc19.4 abc20.4 bc20.1 abc23.4 bc20.3 abc21.6 bc21.5 abc22.8



Solution: H0 : The data is homogenous with respect to blocks and treatments.
Here since each replicate has been divided into 2 blocks. One effect has been
confounded in each replicate. We find that the effect ABC has been confounded in each
replicate.
Here Grand total of the observations GT= 681.9

Correction Factor = . =14530.863
Raw S.S. = (19.1 + 18.6 + ⋯+ 22.8 )=14658.87
Total sum of squares (corrected) =14658.87 – CF = 128.007
The eight blocks totals are  76.5, 76.2, 94.1, 97.2, 87.3, 88.4,81.1,  and 91.1

So, Block sum of squares = ( . . ⋯ . ) – CF = 92.03
The sum of squares due to 6 uncompounded factorial effects is obtained by Yates
Technique.
Treatment
Combination

Total
yield

(1) (2) (3) Effect
Totals

SS

=
1 82.3 172.6 342.1 681.9 GT
A 90.3 169.5 339.8 5.9 [A] 1.09
B 85.9 170.3 5.7 -3.9 [B] 0.48

AB 83.6 169.5 0.2 3.3 [AB] 0.34
C 88.5 8 -3.1 -2.3 [C] 0.17

AC 81.8 -2.3 -0.8 -5.5 [AC] 0.95
BC 81.3 -6.7 -10.3 2.3 [BC] 0.17

ABC 88.2 6.9 13.6 23.9 Not estimate
Put all sum of squares in ANOVA table and test the  main effects and interactions
excluding
the factors that are completely confounded with blocks.
Analysis of variance table
Source of
variation

Degree of
freedom

Sum of
Square

Mean sum of
square

Fcal Ftab (5 %)

Blocks 7 92.03
13.15

2.80 F.05 at
(7,18)=2.58

A 1 1.08
1.08

<1 F.05 at (1,18)
=4.41

B 1 0.47 0.47 <1
AB 1 0.34 0.34 <1
C 1 0.16 0.16 <1
AC 1 0.94 0.94 <1
BC 1 0.16 0.16 <1



Error 18 32.79 1.82
Total 31 128.00

From the above analysis of variance table, we find that none of the treatments effect is
significant as would be expected for data taken from a uniformity trial. Whereas block
effect is significant, hence confounding is found effective.

Objective :  Analysis of data of partial confounding.
Kinds of data :  The following data relate to the partially confounded in  23 experiment
taken from an uniformity trial.

Effects
Confounde

d

AB AC BC ABC

Blocks (i)               (ii) (i)                (ii) (i) (ii) (i)                (ii)
(1)

25.7
a 23.2 (1)27.6 a25.6 (1)

21.4
b18.8 (1)23.

9
a25.4

ab 21.1 b21.0 ac26.7 c27.9 bc18.6 c16.0 ab21.4 b26.9
c 17.6 ac18.

6
b26.2 ab28.

5
a18.8 ab16.

4
ac20.6 c25.2

abc17.
5

bc18.
3

abc22.
0

bc27.
2

abc18.
2

ac16.
6

bc22.4 abc30.
1

Solution : H0 : The data is homogenous with respect to blocks and treatments. Since
each replicate has been divided into 2 blocks, one effect has been confounded in each
replicate. Replicate 1 confounds AB, replicate 2 confounds AC, replicate 3 confounds
BC  and replicate  4  confounds ABC . Hence, this is an example of partial confounding.
Here Grand total of the observations GT= 715.4

Correction Factor = . =15993.66
Raw S.S. = (25.7 + 23.2 + ⋯+ 30.1 )=16520.42
Total sum of squares (corrected) =16520.42 – CF = 526.76
The eight block totals are: 81.9, 81.1, 102.5, 109.2, 77.0, 67.8, 88.3  and 107.6.

So, Block sum of squares = ( . . ⋯ . ) – CF = 410.39
The sum of squares due to 6 uncompounded factorial effects is obtained by Yates
Technique.
Treatment
Combination

Total
yield

(1) (2) (3) Effect
Totals

SS

=
1 98.6 191.6 371.9 715.4 GT
A 93 180.3 343.5 -14 [A] 6.13
B 92.9 169.2 -11.1 -6.2 [B] 1.20



AB 87.4 174.3 -2.9 5.6 [AB] not estimable
C 86.7 -5.6 -11.3 -28.4 [C] 25.21

AC 82.5 -5.5 5.1 8.2 [AC] not estimable
BC 86.5 -4.2 0.1 16.4 [BC] not estimable

ABC 87.8 1.3 5.5 5.4 not estimable

In order to estimate the sum of square of partially confounded effect adjustment factor is
calculated for each interaction.
AF= [Total of the block containing (1) of replicate in which the effect is confounded] –
[Total of the block not containing (1) of replicate in which the effect is confounded]
Interaction AB is estimated by = (a-1)(b-1)(c+1), here sign of 1 is positive. Hence the
AF for AB = [25.7+21.1+17.6+17.5]-[23.2+21+18.6+18.3] =0.8
Hence Adjusted effect total for AB becomes = 5.6 -0.8 =4.8

Sum of square of AB=[ ] = . = 0.96
AF for AC = [27.6+26.7+26.2+22]-[25.6+27.9+28.5+27.2] =-6.7
Hence Adjusted effect total for AC becomes = 8.2 – (-6.7) =14.9

Sum of square of AC=[ ] = . = 9.25
AF for BC = 77- 67.8=9.2
Hence Adjusted effect total for BC becomes = 16.4 – 9.2 =7.2

Sum of square of BC=[ ] = . = 2.16

Interaction ABC is estimated by = (a-1)(b-1)(c-1), here sign of 1 is negative. Hence the
AF for ABC = [25.4+26.9+25.2+30.1] - [23.9+21.4+20.6+22.4] = 19.3
Hence Adjusted effect total for ABC becomes = 5.4 – 19.3 = -13.9

Sum of square of ABC=[ ] = . = 8.05
S.S.  due to error =  total   S.S. - block  S.S. - treatment = 63.42

Put all these sum of squares  in a ANOVA  table and test for main effects and  their
interaction.
Analysis of variance table for the partially confounded 23 - experiment
Source of
variation

Degree of
freedom

Sum of
Square

Mean sum of
square

Fcal Ftab (5 %)

Blocks 7 410.39 2.80 F.05 at
(7,17)=2.61

Treatments 7 52.95
A 1 6.12 6.12 1.64 F.05 at (1,17)

=4.45
B 1 1.20 1.20 <1 F.01 at (1,17)

=8.40



AB 1 0.960 0.960 <1
C 1 25.205 25.205 6.76*
AC 1 9.25 9.25 2.48
BC 1 2.16 2.16 <1
ABC 1 8.05 8.05 2.16
Error 17 63.42 3.73
Total 31
From the above table, it is observed that only the main effect of the factor C is
significant at the 5% level. The other effects are found to be non-significant. Also the
block effect are found significant.
In comparing means it is important to keep in mind that the interactions are determined
on merely ¾ of the replications. Thus, the standard error of a mean interaction response

is = ∗ .∗ =0.788

Similarly, the standard error of a main effect will be  = ∗ .∗ = 0.683

Properties of Equilibrium population:

(i) The heterozygote can not take the value more than 50% among all three
genotypes which is given below:
We know that as per the Hardy-Weinberg law that the heterozygote H=2pq
where p is the proportion of dominant genes and q is the proportion of
recessive genes. Taking
H=2pq
H=2p(1-p)=2p-2p2

Differentiating H partially with respect to H,
H

p




=2-4p, then H

p




=0 for solution of p

We have the value of p=0.50, then
2

2

H

p




=-4< 0.It shows that the heterozygote can not take the value more than

50% among all three genotypes.
(ii) The heterozygote  among all three genotypes is twice the geometric mean of

dominant nd recessive genes, which is given below:

We know that as per the Hardy-Weinberg law that the heterozygote
D=p2,H=2pq and R=q2, then H=2√ . = H2=4D.R which is clearly acceptable.




