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SUMMARY

In a linear model with a missing observation, one can substitute an algebraic
quantity and then minimize the error sum of squares for the augmented model.
This gives the correct error sum of squares, but does not produce the correct
hypothesis sum of squares for testlng a linear hypothesis about the parameters.
The sum of squares obtained is biased but practitioners still use it. The distribu-
tion of this biased sum of squares is derived in this paper for a Latin Square
Design and the consequences of using this biased sum of squarcs on the level of
significance of the test and critical points are examined.
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Introduction

In a Latin square design (LSD) if one observation is missing, an esti-
mate is used in place of it for analysis. This gives error s.s., SSE, cor-

rectly but the hypothesis sum of squares is biased. The bias is well known

(Kshirsagar [3]). The distribution of biased hypothesis s.s. for a LSD is
worked out here, following the lines of Deo and Kharshikar [1].

2. Analysis of LSD

Without loss of generality, let us assume that the observation pertain-
ing to treatment 1 in the first column and first row of a Latin Square
design of order v is missing. : _

An estimate of the missing value, oe is substituted in place of it, where
o i given by

o= [y (R + C; + T1) — 2Gl/(v—1) (v—2) (1
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Here R,, C, and T, denote the sum of available observations on first row,
first column and first treatment and G is the grand total of ¥1—1 obser-

vations.
If the hypothesis is of testmg equality of row effects, i.e. H,,l ocl
= oty == ...= «y.then the substitute for a missing observation when

hypothesis is true is given by
a—wm+m—mm1w,‘ )

* We note here that we can divide the row s.s. into y—1 orthogonal row
contrasts one of which can be considered as

R Ll el G T 3)
The best li_ﬁear unbias-ed estimator (BLUE) of it is |
(R, + Ry + . + Ry — (v—1) (R, + ) ]Iy )
whefc R; denotes the sum of obse\rvatidns in ith row, { = l‘, ce s Ve
 This s also equal to (8 — =) (v-1)* Iv. ' ' (5)
When the hypothesis Hy, is true, we get | - '
E@-e)=0 | | ©).
var (B — ) = va3/{(v — 1)* (v - 2)} , ' [U)
Hence for testing |
Hy 2 &y < + . + x3 — (v—1) oy = 0

the statlstncs ® —oc)’/var (B —<) has a chl-square dlstrlbutlon with

one d.f.
The 8.8. for other (v—2) orthogonal contrasts have o¥? distribution

mdcpendent of each other and they are not affected by a missing obser-

vation (cf. Deo and Kharshikar [l]) : . _ ®)-
The row s.s. is positively biased and the bias is given by
G- @ — SR O

Thus, the exact s.s. for Hy-y ana bias together gives

ap LD 0=2) 1+—;;_1_—=§~J - (10)
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"which is distributed as ‘;___12 o“if' - - (1)

. Hence biased row s.s. SSR (<) has the éistributibh, '

© oty2 ‘ + =1

-2 y—

G’Xi (12)

We note that the distribution of SSR (c¢) is same whatever may be a

: mlssmg observation.

Since there is a symmetry in LSD about row, column and treatment,
the distribution of SST (o) and SSB () are also same as above when
there is a missing observation. The hypothesis for testing equality of
column effects Hgy ¢ B; = B, ... =By and that for testing equahty of

" . treatment effects is Hps : %) = T3 = . . . = Ty.

The substitute for missing observation when the above hypotheses are
true is given as

R, + T,) — GH (—1) R ¢

. and {v (R; + C;) -G}/ (v—122 respectively.

Johnson and Kotz [2] prdved ‘that if Z.is'a mixture of chi-sqhares- .
with E (z) = a, and Var (z) 2a, then za;/a; is a better X* with d.f.
axlaa . (14)

When Hu is true

E [SSR(“’ v—2+(ve1)lkv—2) s
and . | ]

§ Var ﬂ‘i’— =2+ omvo-20 o)
then R . o

— (f SSR (=) | (ay SSE (<)),

has ‘F’ distribution with a}/a, and fe d.f. Here.

S {62+ 6= PI{6=28 + 613
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and fe = v —3y - 1. 17

Practioners use SSR (o) for testing equality of row effects. They
generally use the statistic

N = fe (SSR («))/ [(v—1) SSE (x)] . _ (18)
Then the test usually used is
reject Hy,, if N > F,

where F, is the (I — «) cumulative point for F distribution with
((v—1), fe) d.f.
For such a test the actual size is equal to

PIN> Fy|H,] =PIN*> Fo (v—1)fay| Hol

which is larger than the intended size . The actual sizes for these tests
. when intended size is 0.05 and’ 0.0l is given in Table 1 of Deo and
Kharshikar [!].
- To get a test of level = oane should use N* statistics and
F* = F, (v—1)/a, as a critical point of F distribution with (a3/a,, fe) d.f.
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