Letlers to the Editor

QUASI-LATIN SQUARES IN EXPERI-
MENTAL ARRANGEMENTS

IN the thesis submitted by the author in 1843 to
the Calcutta University, it was shown how the
Design of Experiments consists of the Funda-
mental problem together with the problem
of Balancing and the Construction of designs.
Everys experimental design is a mathematical
solulion to a combinatorial problem directly
deducible from the mathematical model set up
by the necessary balance and other require-
ments such as the block size, number of repli-
cations, cost of experimentation, etc., requl
by (he experimenter. Two types of designs
called” as ‘The partially balanced design’ and
*The Intra- and Inter-group balanced design’,
gave a variety of designs in the case of in-
complete block designs. These two systems,
also, gave balanced or partially balanced con-
founded designs in the case of general facto-
rial experiments, asymmetrical or symmetri-
cal. It is proposed to extend these ideas to
Quasi-Latin~ squares which are suggested by
Fisher’s requirement of the ‘local control’ by
which the eficiency of an experimental design
may be enhanced by minimising the error
without increasing the number of replications.
These were fArst introduced by VYates! in the
case of incomplete block designs.
Fundamental Problem.—The

most gen-
cral get up consists of v tr denoted
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Alml}mx of the General Design.—Using the
{ lysis deweloped in the above

thesis we get the esﬁmath\g'equaﬂon as,
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where t; estimates the effect of the treatment
Ty, and

Q=52 (sum of observations of the i-th treai-
ment)

—3s(sum of row and coluran totals in
which the i-th treatment occurs)

+ the weighted. sum ot square totals the
weights ng number of times the i-th
treatment occurs in a square.

From these set of equations, we can test the
ignifi of any ble linear expression
of the treatment effects by comparing it
against its estimated standard error. The esti-
mates of linear expressions being Jinear func-
tions of Q@ their standard errors, ultimately,
depsndlon the following results. Let Q be

v Toy Ty oo T in n lattice square
arrangements of s2 cells each, such that the
i-th treatment is replicated v; times and the
{reatments T; and T, appear together in
columns and rows com‘bined Ay times and in
squares, on the total uy times. The para-
Q\h'ipt:nare connected by L"Ae following relation-

from m; lattice squares. the contri-
bution from the j-th square being qy.
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when the i-th treatment occurs r times In
j-th lattice square.

Cov (QiQm) ~Z Cov (quqm)).

The most general expression for the covariance
has been found out but is not given bere due
to lack of space. There are two types of
designs which appear to be.fruitful.

Type 1.—Let shy—uy =vy. We impose re-
strictions on vy; similar to that of the partially
balanced design (it may be noted that ‘the
second system of parameters infroduced by
Bose' and Nair? are restrictions on the para-
meters vy) or thé Intra- and Inter-group bal-
anced design of the incomplete blocks. Thus
we get two subtypes in type 1.,

Typg 2.—piy=p tsj, independently of i and j.
In this case we impose restrictions on the

rameters Ay, We get two subtypes by allow-
ing the parameters to satisty the conditions of
the partially balanced or the Intr3- and Inter-
group balanced design of the incomplete block
designs.

Various methods of construction of the de-
signs such as the geometrical and the method
of differences developed by Bose? and used by
the author have been found out and a full
lish of practically useful designs will be given
in an elaborate paper 1o be published shortly.
Also the Quasi-Latin squares used for double
confounding in factorial experiments, the neces-
sary ‘and the sufficient condition for which has
been given by the author in the work referred
to, come out as special cases,
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