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Introduction

One of the authors Das (1958) obtained a method of analysis of a type
of non-orthogonal data with constant frequency differences. He indi
cated that certain designs could be obtained by utilising such property.
The application of such designs is more fruitful in those fields where
inclusion of more than one block sizes in the same design is not objec
tionable. As such they are not much suitable for field plot experiment.
It may be worth investigating the merits of such designs, where animals
are used as experimental units. One such field of research where ani
mals are used as experimental units is bio-assay. A close examination
was therefore made to study the utility of such designs for bio-assays.

Efficient designs in bio-assay are somewhat different from those
for factorial and varietal trials, because the contrasts of interest are
different in the field.

In bio-assay, there are mainly two types of experiments based on
quantitative response, one is called parallel line assay and the other^
slope ratio assay. In the present paper designs suitable for parallel
line assay have been considered.

In parallel line assays usually two preparations are taken with say k
doses of each preparation. Thus there are 2/c doses and purpose is to
estimate the relative potency of one of the preparations called the test
preparation.

Let the 2k doses be taken as 2^-treatments and denoted by t-^, t^,
t^, ..t^ for the k doses of the test preparation and s^, ..for
the k doses of the standard preparation. Let now Lj, denote the con
trast (^1 + ^2 + ^3 + • • • + ti^ — (^1 + ^2 + • • • + •5't) and the con
trast /i (Jx + ^i) + 4 (^2 + •s'2) + • • • + 4 ih + J?:), where //s denote
coefficients of linear component among k quantities as taken from the
orthogonal polynomial table given in the Fisher-Yates table against k
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as the number of observations. It has been shown in the case of sym
metrical parallel line assay, i.e., those with the same number of observa
tions, against each of the doses, that the logarithm of the relative potency
comes out as a function of

Thus the problem for such bio-assay is to obtain some incomplete
block designs in which both the contrasts L, and can be obtained
free from block differences.

The other consideration regarding such assay is to use designs
which may provide for more than one block size, though the range of
variation of the block sizes should not be wide. Through such designs
litters of different sizes can be used in the same experiment and thus
some wastage of animal resources avoided. Finney (1952) has also
stressed on the need for obtaiiiing such designs.

An attempt has been made in the present paper first to obtain a
series of designs based on constant frequency differences and apply them
for bio-assay such that both these contrast can be kept free from block
differences.

Definition of the Design

Let in a two-way classification with more than one observation
per cell, denote the number of observations in the cell defined by the
j-th level of one of the factors, say A, and the y-th level of the other fac
tor B, let further (««,• —n„,j) remain the same, say, for the first
q levels of B, say, and for the levels ^ + 1 to let it be, say, for the
remaining levels from j -f 1 to /• it being zero. The number of levels
of the factor B evidently varies from 1 to r. A design having this type
of frequency for treatments (factor A) and blocks (factor B) may be
called designs based on three types of frequency differences. This
category of designs can be further generalized if so required by increas
ing the number of types of differences.

We shall give below the method of analysis for such a design.

Let there be two factors A and B. 'A' having p levels with Cj, 02,
..., flp effects, B having r levels with effects b^, b^,, •••, b^, ..., bs, ...,
br. The normal equations for estimating after eliminating b/s come
out as

P r

= (^= 1,2, (1)
m=l .
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and Q( is given by •

where Ti the j-th treatment total and Bj that of the j-th block.

S fiij = n,
i

and

E riij =
i

Eliminating from the first (p — 1) equations i = 1, 2, .. .,p — 1
P

with the help of the restriction 2 ai = 0, these become,
t=i

j=i

Let n„,j — = C,„ for y's varying from 1 to q. - n^j = C„,'
for/s varying from ^ + 1 to and n,nj — 7t^, = 0 for y"s varying from
j + 1 to r. With these substitutions equation (2) reduces to

m=i \ i=i / m^i \ ;=<i+i /

i= 1, 2, ...,p - 1.

Or

Qi = nifii —Ri S dniCm Ri' 2 dtnCm (3)

where

Ri =

and

I

i=a+i

Or

p—i P-i
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Multiplying the j-th equation by C,- and adding over all such equa
tions, we get.

i=l

(5)

Similarly multiplying the /-th equation by C/ and adding over all
such equations, we have

P^l ' p—1 p—1

1 = 1 m=l ( = 1

+ (6)
mssi t=l

from these two equations, viz., (5) and (6), we obtain,

p—1

Ti'-
p—1

•*m^m
m=ii

p—t

P—1

(i^ y^jC/ yR/c,
\ Z-i ?iu /V Lj ) Lj Hi, Lj rti^

i=l i=l t=l 1=1

= L (say) (7)

jj—1

i=l

yc,Q, y^x + y^^fi - y^\
Zj Z-i «i. Z-j \ .Z-j /
1=1 t=l

t=l

= M (say) (8)
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Substituting these values, viz., (7) and (8) in (4), we have.

= + + ^ M.
«i. «i. ni

Solution to Op can be obtained from -S04 -= 0.

(9)

Variance of the (Oi — can be obtained by finding the coefficients
of Qi and in the estimate of (oj — Cm) where m ^(p — 1).

When (itij —n„j) takes only two values for different fs, viz., Xi,„
and 0, i.e., C,„ = CJ and this reduces to the case discussed by Das
(1958). The equation (3) reduces in this case to the form.

.where

riifli — S a„C„Ri = a
m=i

(10)

/=i

Solution to a,, viz., (9) reduces to

(11)

where

11

ji—1

Zj m.

x =

(>-i:¥)
i=i

and the variance of (oj — a„) is

+

_ ;^Y£i _
Ani. nm.A«i. n,„J,

i=l

(12)
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and the corresponding,

QVia, - = +

c,(Ri _ y^\\
«i. V«i. La fii.)

(i L-^ rii. )'
4=1

(13)

By using this property of non-orthogonal data, we can obtain
several series of designs, which are particularly suitable for parallel
line assays. A Ust of such designs is given below. In these designs
both the preparation as also the regression contrasts are unaffected by
block effects and the other components required for validity tests can be
obtained through the method given by Das (1958). We have given below
as illustration some of the designs. In these designs only the block
types have been shown. Some of these block types may be omitted
if necessary, or some of the types of blocks may be repeated any num
ber of times, if so required. Through each of these designs the pre
paration and regression contrasts can be estimated -from the corres
ponding contrasts of the dose means.

(i) Designsfor the four-point parallel line ajjaj^j.-^The figtires in the
body of the table denote frequencies of observations, denote the
two doses of the standard preparation, and t^ and t^ denote those of
the test preparation.

Types of
Blocks

Dose Size
of the

blockSi ^2 h h

0 1 1 0 2

1 2 2 1 6 ,

2 3 .3 ; 2 ; 10

« • t •
•

1 1 1 1 4

2 2 2 2 8

Totals: of observation •S'2 T,
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In this design five blocks having only two types of differences have
been presented. Depending on the availabilityof animals, we may repeat
any type of blocks any number of times or omit one type altogether.
Blocks of sizes two only presented above cannot themselves form
designs, though any n different blocks where n > 1 can constitute a
design. Some further blocks may also be obtained, if necessary by
increasing the frequencies in any types of block by a constant. If S^,
S2 and Ti, denote the observation totals against the four doses, it is
easily seen that the preparation contrast of dose effects = (jj + jg)
—ih + Q = the corresponding contrasts of means, independent
of block differences. Further, Z-i (the regression contrast) = — (^i -f ?i)
+ (Ja + Q is also independent of block differences. Thus, through
such a design the potency can be estimated without any loss of informa
tion.

(ii) It will be seen that in the previous design, we have used two
sets of initial blocks, one incomplete and the other, complete. The
other blocks have been developed from them by adding a frequency
unity or any other suitable number to each treatment. Thus these
designs are based on two types of frequency differences.

The usefulness of the design can be increased further, by making
block sizes closer. - This can be achieved if one more type of incomplete
blocks can be accommodated in the same design. It will then be a
design based on three types of frequency differences, for the purpose
of illustration the initial blocks for a six-point assay have been taken
and described below.

(a) Design for a six-point assay

Types
of

blocks

Doses

Block size
J2 ^3 ti t2 H

1 0 0 110 0 2 + 6«

2 10 110 1 4 + 6y

3 1 1 1 1 I 1 6 + 6/c

Here (I), (2) and (3) are the initial blocks from which the other
blocks can be generated as stated by adding unity to each frequency.
The method of analysis of the data obtained through such designs
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follows the same line as indicated for (1). In this case Lp= + ^2 +

- ih + t2 + ta) and Li = - (ji + ^i) + fe + ta); it will be clear
that they are free from block differences.

{b) Design for eight-point assays
Similarly for an eight-point assay we can use the design

Types
of

blocks

Doses Possible
block
sizes

• ^2 S3 54 h h h

1 0 0 0 1 1 0 0 0 2 + 8/

2 1 0 0 1 1 0 0 1 4 + 8;

3 1 1 1 1 1 1 1 1 8 + 8A:

Total of
' observations S2 ^3 ^4 T^ T2 T3 T,

where i,j and k can take the values 0, 1, 2.
different blocks.

Summary

If in a two-way classification with more than one observation per
cell, «„ denote the number of observations in the cell defined by the
i-th class of and J-th class of the other factor B, then it is well known
that the data are orthogonal and can be analysed orthogonally if
remains the same for all values of j, i and m denoting any two levels
of the factor A. It has been shown in this .paper that if
remains the same, for some7's and takes the value C„„ and for some
other it takes the values Cj„,', and is zero for the other 7's corresponding
to a given section of the levels of B, then the data though non-
orthogonalcan be analysed easily siiice this type of data can be so mani
pulated as to make the normal equations solution easy and systematic,
required for the analysis of variance of such data.

For the case when Ci„. and CiJ are equal, the algebraic solution
of the normal equation is easy, and has also been discussed.

Utilising the above property we have presented two designs for
three types of frequency differences suitable for four and six point
assay. -

References

1, Das, M. N. ^ Afew 7>i)e 0/ZiM/g/i, 11th Annual General Meeting
of the Indian Society of Agricultural Statistics,
held at Bangalore in January, 1958.

2. Finney, D. J. .. Statistical Method in Biological Assay, 1952.

.. so as to generate


