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1. INTRODUCTION

Consider the data in Table 1 taken from [1]. These data come
from a randomized, double-blind clinical trial comparing an
active hypnotic drug with placebo in patients with insomnia.
There are many methods available to analyze these data. For
example, [1] proposed the log-linear model to characterize
differential change among treatments, and [2] analyzed these
data by using various marginal models.

Table 1: Time to falling asleep, by treatment and occasion.

Time to falling asleep

Follow-up
Treatment Initial <20 20-30 30-60 >60
Active <20 7 4 1 0
20-30 11 5 2 2
30-60 13 23 3 1
>60 9 17 13 8
Placebo <20 7 4 2 1
20-30 14 5 1 0
30-60 6 9 18 2
>60 4 11 14 22

Table 2 shows sample marginal cumulative distributions for
Table 1. We can see that (1) from the initial to follow-up oc-
casions, the time to falling asleep tends to shift downward for
both treatments, and (2) the degree of shift seems greater for
the active drug. Therefore we are interested (1) in measuring
the degree of departure from equality of two marginal distri-
butions between the initial and follow-up occasions for each
treatment, and (2) in testing the equality of degree of depar-
ture from marginal homogeneity between two treatments.

Table 2: Sample marginal cumulative distributions.

Time to falling asleep

Treatment Occasion <20 <30 <60 <(>60)
Active Initial 0.101 0.269 0.605 1.000
Follow-up 0.336 0.748 0.908 1.000
Placebo Initial 0.117 0.283 0.575 1.000
Follow-up 0.258 0.500 0.792 1.000
2. MEASURE

Consider an R x R square contingency table with ordinal
categories. Let p;; denote the (i, j)th cell probability, and let
X and Y denote the row and column variables, respectively.
Let FX and FY denote the cumulative marginal probabilities
of X and Y, respectively. The marginal homogeneity (MH)
model ([3]) is defined as

FX=FY (i=1,...,R-1).

Submeasure I: Let Ay = Zi_ll (FX + FY), and
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Assume that F{¥ + FY # 0. Consider the submeasure defined
by
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Submeasure II: Let SX =1 - FX SY =1-FY, Ay =
SELNSX + SY) and let
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Assuming that Sp_, + Sh_; # 0, we shall define the sub-
measure (2,72, which represents the degree of departure from
MH, by Qa1 with {7}, {F5,)}, and {Q7;)} replaced by
{51} {954}, and {Q3 ;) }, respectively.
Measure for MH: Assume that F{X + FY # 0 and Sp_, +
SY | # 0. Consider a measure defined by
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Properties of measure: (i) 0 < Qy < 1, (ii) Qp = 0 if
and only if there is a structure of MH, and (iii) Qas = 1 if and
only if the degree of departure from MH is the largest, in the
sense that F/X =0 (then S = 1) and F}¥ =1 (then S} = 0),
or FX = 1 (then S = 0) and Fj* —0 (tilien S — [} for
arbitrary cut point 7 (1 =1,2,..., R —1).

3.TEST

Qum

Let n;; denote the observed frequency in the (4, j)th cell. The
sample version of Qyy, i.e., Qu, is given by Q; with {pi;}
replaced by {p;;}, where p;; = ngj/n and n =3 % n;;. As
suming that a multinomial distribution applies to the R x R
table. Using the delta method, we obtain the following result.
\/ﬁ(ﬁM — Qur) has asymptotically a normal distribution
with mean zero and variance 02[?21\[].

For tables A and B (with sample sizes n4 and ng), denote
Qar by Qg\?) and Qﬁ), respectively. Then an estimate of
the difference between QS\?) and Qg\?) is given by the sample

difference ﬁs\?) —QEV][S). When n4 and np are large, this differ-
ence has approximately a normal distribution with standard
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where 52 [ﬁg&‘)] and 52 [ﬁgv?)] are the estimated variances. For
Table 1, the value of test statistic is 3.20. This is the signifi-
cant at 5% level. So, we can infer that the active drug is more
effective than the placebo.
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