
Ann. Inst. Statist. Math. 
Vol. 41, No. l, 149-167 (1989) 

ON THE TESTING OF MARGINAL HOMOGENEITY 
WITH A ONE-SIDED ALTERNATIVE IN THE ANALYSIS 

OF VARIANCE 

CHU-IN CHARLES LEE 1., TIM ROBERTSON 2. AND F. T. WRIGHT 3. 

i Department of Mathematics and Statistics, Memorial University of Newfoundland, 
St. John's, Newfoundland, Canada, A I C 5S7 

2Department of Statistics and Actuarial Science, University of lowa, Iowa City, 1A 52242, U.S.A. 
3Department of Mathematics and Statistics, University of Missouri-Rolla, Rolla, MO 65401, U.S.A. 

(Received October 19, 1987; revised July 18, 1988) 

Abstract. We consider a two-factor experiment in which the factors 
have the same levels with a natural ordering among the levels. Likelihood 
ratio tests for testing equality of the main effects with a one-sided 
alternative and for testing the one-sided hypothesis as a null hypothesis 
are studied. Closed form expressions for the maximum likelihood esti- 
mates under the various hypotheses are obtained. The null hypothesis 
distributions for these test statistics are derived. 
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1. Introduction 

Duality is a powerful tool for solving optimization problems and 
Luenberger (1969) contains an excellent discussion of the topic of duality. 
The concept of a simple (linear) order and the concept of stochastic 
ordering are related via Fenchel duality, as was first pointed out in Barlow 
and Brunk (1972). This duality between simple and stochastic orderings is 
also discussed in Section 1.7 and Chapters 5 and 6 of Robertson et al. 
(1988) and is further explored in order restricted testing problems in 
Robertson and Wright (1981, 1982). 

In this paper we explore a further manifestation of this type of duality 
in an inference problem which has a different character than those discus- 
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