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Abstract

Here in this investigation, we have obtained a method of constructing a
confounded asymmetrical factorial design of the type 2% x 3% with 4 ran-
domly selected blocks each of size 6 in two replications. Considering dif-
ferent cases, different combination of replications involving simple random
sampling with replacement and without replacement method, we have got
different block contents. According to Das (1960), the construction of con-
founded asymmetrical factorial design requires, N = % = S* where S is
prime or prime power, k is any positive integer, P is total number of treat-
ment combinations and R is the number of plots per block. But by our new
method, it is possible to construct the design when we have, N = % L
simply the product of two primes or prime powers. The main superiority of
our new method is that, selecting only 4 blocks randomly, we have obtained
50% relative information of the interaction effects taking any two general-
ized identity relationships out of all possible combinations of generalized
identity relationships.

1 Introduction

In this present investigation, we have constructed a confounded asymmetrical fac-
torial design of the type 22 x 33 with 4 randomly selected blocks each of size 6 by
considering to some extent a modified method of fractional replicates of asymmetrical
factorial design which was extensively developed by Das (1960). For constructing this
asymmetrical factorial design, we have introduced a new method by taking fraction
involving two different choices of identity relationships. In this situation, we have two
replications having 36 blocks each of size 6 and by our new method we have selected
only 4 blocks randomly. The usual procedure of analysis as given by Das and Giri
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(1986) is being used to find the loss of information of the affected effects. The design is
found to be not balanced according to the concept given by Kishen and Tyagi (1964).

2 The Method of Construction of the Confounded Design

22 x 33 is an asymmetrical factorial design having 5 factors. Let the factors be denoted
by A&B each at two levels (0,1) and X;, X2 & X3 each at three levels (0,1,2). For
construction of this design, the total number of treatment combinations, P = 2% x 33
and the number of plots per block, R =6 =2 x 3.

Here, N = % = 2;§§3 = 2 x 32, But according to Das (1960) we have seen that the
construction of confounded asymmetrical factorial design requires % = S* where S is
prime or prime power, K is any positive integer, P is total number of treatment com-
binations and R is number of plots per block. For 22 x 33 design in 6 plots per block
we have, N = % + S* simply the product of two primes or prime powers. These are
mainly dependent on the level of the asymmetrical factorial designs originally given.
Here the value of N contradicts the condition of Das (1960) and therefore, we can not
apply that method. For the construction of the design 22 x 32 with 4 randomly selected
blocks each of size 6, we can proceed by considering fraction of 22 by % considering

1

the identity relationship I = AB and for § fraction of 33, we consider any one of the

different choices of identity relationships Iy which are as follows:

In =X = X9 = X1 X9 = X1 X2
Ip=X1=X35=X1X3 =X, X3
Iy = Xo = X5 = XoX3 = X0 X2
Iy = X1Xo = X3 = X1 X2 X3 = X1 X X?
Iy = XoX3 = X1 = X1 X5 X3 = X1 X2X3
IQG = X1X3 = Xz = X1X2X3 = X1X22X3

Finally combining the first and any one of the second identity relationships by sim-
ply multiplying the individual identity relationships, we have 6 possible generalized
identity relationships which are shown as below:

I1o1 = ABX; = ABXy = ABX 1 Xy = ABX1X22
l199 = ABX; = ABX3 = ABX X3 = ABXng
I193 = ABXy = ABX3 = ABX9 X3 = ABXQX%
Ios = ABX1 Xy = ABX3 = ABX1 X2 X3 = ABX1 X2 X3
I195 = ABX5 X3 = ABX| = ABX 1 X3X3 = ABX1X22X32
I1o6 = ABX 1 X3 = ABXy = ABX1 X9 X3 = ABX1X22X3

Thus, a confounded asymmetrical factorial design of the type 22 x 33 in 6 plots per
block in 6 replications can be obtained from above 6 generalized identity relationships.
It is seen that if we consider only one replication by taking any one of the generalized
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identity relationship, we can not get suitable information of all affected interaction
effects. Therefore, we can consider any two or more different replications by which we
can get suitable information of the affected interaction effects. Now, to construct our
desired design, we have used first two generalized identity relationships which gives
us a confounded asymmetrical factorial design of the type 22 x 32 in two replications
each having 18 blocks By, B2, B3, -+, Byg each of size 6. The procedures are same
for any of the two replications.
The block contents of considered replications are displayed as follows:

Replication -1

Io1 = ABX; = ABXs = ABX Xy = ABX, X3
where,
Il = AB and 121 = X1 = X2 = X1X2 = X1X22

B X, = 0 X, = 0
A+B“O}Mm2 — 1 Y'Mod3 ~ 1 Y'Mod3
-
00 01 000 010 020 100 110 120 200 210 220
11 10 001 011 021 101 111 121 201 211 221

002 012 022 102 112 122 202 212 222

Combining above two sets of treatment combinations, we get,

B Bs Bs By Bs Bg Bz Bs By
00000 | 00010 | 00020 | 00100 | 00110 | 00120 | 00200 | 00210 | 00220
00001 | 00011 | 00021 | 00101 | 00111 | 00121 | 00201 | 00211 | 00221
00002 | 00012 | 00022 | 00102 | 00112 | 00122 | 00202 | 00212 | 00222
11000 | 11010 | 11020 | 11100 | 11110 | 11120 | 11200 | 11210 | 11220
11001 | 11011 | 11021 | 11101 | 11111 | 11121 | 11201 | 11211 | 11221
11002 | 11012 | 11022 | 11102 | 11112 | 11122 | 11202 | 11212 | 11222

Bio B Bio B3 B4 Bis Big By Big
01000 | 01010 | 01020 | 01100 | 01110 | 01120 | 01200 | 10210 | 01220
01001 | 01011 | 01021 | 01101 | 01111 | 01121 | 01201 | 01211 | 01221
01002 | 01012 | 01022 | 01102 | 01112 | 01122 | 01202 | 01212 | 01222
10000 | 10010 | 10020 | 10100 | 10110 | 10120 | 10200 | 10210 | 10220
10001 | 10011 | 10021 | 10101 | 10111 | 10121 | 10201 | 10211 | 10221
10002 | 10012 | 10022 | 10102 | 10112 | 10120 | 10202 | 10212 | 10222
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Replication -2

Lios = ABX, = ABX3 = ABX X3 = ABX,1 X3

where,

I =AB and Iy = X; = X3 = X1 X3 = X1 X2

A+B = 0

1

00 01

11

10

} Mod 2

X1

000
010
020

001
011
021

= 0
1
= 2

002
012
022

Mod 3

100
110
120

101
111
121

0
1

102 200
112 210
122 220

Combining above two sets of treatment combinations, we get,

Mod 3

201 202
211 212
221 222

By

Bs

Bs

By

Bs

Bg

Bz

Bg

By

00000
00010
00020
11000
11010
11020

00001
00011
00021
11001
11011
11021

00002
00012
00022
11002
11012
11022

00100
00110
00120
11100
11110
11120

00101
00111
00121
11101
11111
11121

00102
00112
00122
11102
11112
11122

00200
00210
00220
11200
11210
11220

00201
00211
00221
11201
11211
11221

00202
00212
00222
11202
11212
11222

Bio

By

Bia

By

Bis

Big

Bi7

01000
01010
01020
10000
10010
10020

01001
01011
01021
10001
10011
10021

01002
01012
01022
10002
10012
10022

01100
01110
01120
10100
10110
10120

01101
01111
01121
10101
10111
10121

01102
01112
01122
10102
10112
10122

01200
01210
01220
10200
10210
10220

10201
01211
01221
10201
10211
10221

01202
01212
01222
10202
10212
10222

2.1 2% x 3% design with 4 randomly selected blocks each of size 6
obtained from two replications

2.1.1 Simple random sample with replacement method

Drawing a simple random sample of size 2 blocks from each of 2 replications with
replacement method, we get Bs, By for first replication and Bs & Byy4 for second
replication and denoted them by B}, B and Bj, Bj respectively as follows :
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Replication - 1 Replication - 1
B B B B
00020 | 00020 00101 | 01101
00021 | 00021 00111 | 01111
00022 | 00022 00121 | 01121
11020 | 11020 11101 | 10101
11021 | 11021 11111 | 10111
11022 | 11022 11121 | 10121
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The design is non orthogonal, the usual procedure of analysis as given by Das and

Giri (1986) is as follows:
For the affected effects, let us consider R-treatments as bellow:
R- Treatments for ABX;: t; = (a1 — ag) (b1 —bg) (X1); ;1 =0,1,2.
= (a1by + apby — a1by — apb1)(X1);
where,
(X1)o = 0004-00140024-0104-01140124-0204+-021+4-022
(X1)1 = 1004+1014+1024+1104+1114+1124120+121+4122
(X1)2 = 2004-201+4-202+4-210+4-211+4212+4-220+221+-222

R-treatments for ABX5: p; = (a1by + agbg — a1bg — agby) (X2); ;i =0,1,2.

where,
(X2)o = 0004+00140024100+101+102+4200+201+202
(X2); = 0104+01140124+110+1114+1124210+211+212
(X32)2 = 0204-02140224120+121+122+220+221+222

R-treatments for ABX3: ¢; = (a1b1 + agbp — a1bg — agby) (X3):; 1 =0,1,2.

where,
(X3)o = 0004010+0204100+11041204+200+210+220
(X3)1 = 001401140214+1014+111+1214+201+2114221
(X3)2 = 0024-012+40224102+1124+122+202+212+-222

R-treatments for ABX1X2 LMy = (a1b1 + a(]b() — a1b0 — aobl) (X1X2)7;; 1=

where,
(X1X32)p = 0004+00140024+120+121+1224+210+2114212
(X1X35)1 = 0104011401241004+101+1024-220+2214-222
(X1X39)2 = 0204021402241104+111+1124-200+2014-202

R-treatments for ABX1X3 LS = (a1b1 + aobo — a1b0 — aobl) (Xng)i; 1

where,
(X1X3)0 = 00040104+0204+102+1124122+201+211+221
(X1X3)1 = 001401140214100+110+1204-202+2124-222
(X1X3)2 = 0024012+40224101+111+1214-200+2104-220

0,1,2.

=0,1,2.
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R-treatments for ABX1X22 : lz = (a1b1 + aobo - a1b0 — aobl) (XlX%)Z, 1= 0, 1, 2.
where,

(X1X3)o = 000+001+002+110+111+112+220+221+222

(X1X3)1 = 020+0214022+100+1014102+210+211+212

(X1X3)s = 010+011+012+120+121+122-+200+201+202

R-treatments for ABX1 X3 : r; = (a1by + agbo — a1by — agb1) (X1X3); ;i =0,1,2.
where,

(XlX??)O = 0004-010+0204+1014+111+1214202+212+222

(X1X2); = 002+012-+022+100-+110+120-+201+211+221

(X1X32)2 = 0014011+0214+1024112+1224200+210+220

Here the information of the affected effects AB X can not be obtained because it is
confounded in both the replications and hence we can not write any normal equation
for ABXl

The normal equations for ABX,

(4—§>p0—%(p1+p2) = Qpo
(4—§>p1—§(p0+p2) = On

80 8
<16 - g) P2 g (po+p1) = Qp2

Solving above normal equations under the restriction, Z?:o p; = 0 we get, p; = %Qpi,
i = 0,1,2. Therefore, the variance of the estimate ABX5 when it is confounded is,
Vi = iaQ and using proportional frequency condition the variance of the estimate
when it is not confounded is -

2 el 4 o2 4 o2 | 16 o2 2
Zizovvzm. 7ﬂ‘j+ﬂ. +ﬂ-ﬁ o

_ — 4 -2

Yo Wi 31+ 31+ ot 8
where w; is the proportional frequency corresponding to the i-th level. Now the relative
information is, % = % = 0.50 and the loss of information is, (1—0.50) = 0.50. By using

similar process, we shall get the relative information 0.50 and the loss of information
0.50 for affected effect ABX3, ABX1 X2, ABX3, ABX1X3, ABX,X3, ABX;X3.
The design is seen to be not balanced since Kishen and Taygi (1964) defined as
7 A factorial design in incomplete blocks confounding certain d.f. belonging to main
effects and / or interactions is said to be balanced if the loss of information on each
single d.f. Belonging to a particular effect is the same”.
The same result follows for sampling without replacement.
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3 Concluding Remarks

Constructing 2% x 33 design with 4 randomly selected blocks each of size 6 in two
replications, the significant remarks can be displayed as follows:

e Considering another (°cy — 1) = 14 combinations of generalized identity rela-
tionships from 6 generalized identity relationships which are mentioned in (2),
we can construct different confounded asymmetrical factorial design of the type
22 x 33 with 4 blocks each of size 6 in two replications. We can also find out the
loss of information as well as the relative information of the affected interaction
effects by the usual process.

e We have observed that the relative information and the loss of information of all
affected effects except ABX; are usually same which is, 0.50 in case of simple
random sample with replacement and without replacement method. For both
cases, the information for the affected effect ABX; is not found because this
affected effect is confounded in two replications simultaneously.

e The main superiority of the constructed design is that it requires the minimum
possible resources to have the same information feature of the affected effects,
i.e. by taking only 4 blocks randomly out of 36 blocks, we have got our expected
50% information for affected effects in both cases. Our constructed designs are
seen to be not balanced.

e In our investigation, we have the freedom of selecting replications and taking
blocks from replications which facilities are not available in Das (1960).
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