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1. Introduction. This paper is concerned with some aspects of the statistical
analysis of factorial experiments carried out according to a completely ran-
domized design, and is one of the joint portions of an investigation into the role
and meaning of linear statistical models in the analysis of randomized experi-
ments.

There are essentially two ways of obtaining the analysis of data obtained in a
comparative experiment. One way, which is given in standard texts, is to write
down a model of the type

Yijk-.o = 4+ a; + bj 4 -+ ete,,

where ¥;x... is the observation and the terms on the right-hand side are fixed
unknown constants or random variables with specified properties. The above
equation with a complete statement of all the properties of the quantities con-
tained in it is usually called the model for the experiment. The texts and the
literature are to the best of our knowledge, with a few exceptions to be mentioned
later, bare with regard to how one determines the model, how one answers a
question such as “Why not a multiplicative model?”’ or “Why are the a’s fixed
and the b’s random?”’ The other way is that practiced intuitively by many ex-
perimental statisticians and described most aptly by Fisher (3], [4], [5], [6]) in
which (a) one envisages an analysis of variance of the observations from the
point of view of topography, apart from treatment, such as for instance in a field
experiment by rows, columns, plots within row-column cells, etc.; (b) one en-
visages an analysis of variance by treatments; (¢) one notes how the treatments
have been assigned to the experimental material, such as, for instance, factor @
to rows; and (d) one therefore sees with which part of the topographical analysis
any particular component of the treatment breakdown should be associated.

The second procedure cannot be regarded as fully specified by what is said
above. The first procedure can only be regarded as arbitrary unless some logical
basis can be given for it. It is to the problem implied in the last sentence which
we have addressed our work.

In preparing this paper for publication we have had the benefit of specific

Received December 30, 1955.

! This paper is based on a part of the Ph.D. Thesis (Iowa State College, 1955) of the
senior author [14].

2 Some of the investigations on which this paper is based were sponsored by Wright Air
Development Center. Part of the preparation of this paper for publication was in con-
nection with research sponsored by the Office of Naval Research.

3 Journal Paper No. 3057 of the Iowa State College Agricultural Experiment Station.

950

[
]
Institute of Mathematical Statistics is collaborating with JSTOR to digitize, preserve, and extend access to éﬁ%%
The Annals of Mathematical Statistics. IIKOIRS ®

WWw.jstor.org



