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Abstract

We consider the comparison of two instruments with a gold standard with the goal of finding the
best one—the one that agrees most with the gold standard. Using natural log of the mean squared
deviation as the measure of agreement, we present a large sample two-stage procedure with good
small sample properties. When the differences of the paired measurements are bivariate normal, a
first-stage sample of size 15 is adequate for its application.We illustrate the procedure using a dataset
from the literature.
© 2004 Elsevier B.V. All rights reserved.

Keywords:Agreement; Bivariate normal distribution; Concordance; Multiple comparisons with the best;
Selection of the best; Two-stage procedures

1. Introduction

We consider the problem of comparing two instruments (or methods of measurement)
with a gold standard in method comparison studies. The goal is to find the instrument that
agrees most with the gold standard and we refer to it as the best one. We assume that
one measurement per subject is available from every instrument, the measurements are
continuous, and have the same unit.
Let the triplet (G, X1, X2) denote the measurements on a typical subject by the gold

standard, the first and the second instrument, respectively, andDi be the differenceG−Xi

(i =1,2).We assume thatD= (D1, D2) follows a bivariate normal (BVN) distribution with
mean� = (�1,�2), standard deviation� = (�1,�2) and correlation�, where(�,�,�) ∈
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� = {(�,�,�) : −∞ <�i < ∞,0<�i < ∞, i = 1,2; |�| <1}. Thus,D(2) = (D21, D
2
2) has

mean� = (�1, �2), standard deviation� = (�1,�2) and correlation�, where

�i = �2i + �2i ,�
2
i = 2�4i + 4�2i �2i and

� = (�1�2)
−1{2��1�2(��1�2+ 2�1�2)}. (1)

We take the mean squared deviation (MSD),�i , as the measure of agreement between
theith instrument and the gold standard, where smaller�i value indicates better agreement.
Let [1], [2] be the unknown indices such that�[1] ��[2]. Thus, the instrument associated
with �[1] is the best one and our goal is to find it. The role of MSD in measuring agreement
between two instruments has been discussed byLin (2000)who also presented some large-
sample results. For various other measures of agreement, see the reviews byLin (2003)and
Lin et al. (2002).
In the ranking and selection literature (seeGupta and Panchapakesan, 1979for an in-

troduction),Mukhopadhyay and Chou (1984)describe a two-stage procedure for selecting
the component of a multivariate normal distribution with the smallest mean, assuming non-
negative correlations. But in our case, (a) the BVN assumption forD(2) is not justified in
general—we are assuming it forD, and (b) the covariancematrix ofD(2) is not free of�, the
parameter of interest. So we cannot assume any simplifying structure on this matrix (such
as non-negative correlation, equal variances, etc.). Also, the standard multiple comparisons
with the best (MCB) techniques (see Chapter 4,Hsu, 1996for an introduction) cannot be
directly employed.
Let

�i = log(�i ), 	2i = �2i /�
2
i , i = 1,2, and 	2d = 	21+ 	22− 2� 	1	2, (2)

where�i , �i , and� are given by (1). Also, letD[i] be the difference associated with�[i].
Hence,(�[1],�[2]) and (�[1],�[2]) are the mean and standard deviation of(D[1], D[2]),
and (�[1], �[2]) and (�[1],�[2]) are the mean and standard deviation of(D2[1], D2[2]). Let
Dj = (D1j , D2j ), j =1,2, . . . , denote a sequence of i.i.d. observations onD. Based on the
firstmobservations, let̂�i (m) and�̂2i (m) denote the usual unbiased estimators�i and�

2
i ,

and let the sample correlation be�̂(m). The estimators of functions of these five parameters
are constructed by plugging-in their sample counterparts, and are denoted by the usual
hat notation. When it is clear from the context, we will suppress the sample size from the
notations of the estimators. Finally, letz(
) andtk(
), respectively denote the upper
-th
quantiles of aN(0,1) distribution and at-distribution withk degrees of freedom.
In the method comparison literature,St. Laurent (1998), andHutson et al. (1998)have

considered the problem of measuring agreement of two instruments with a gold standard.
St. Laurent assumes a random effects modelXi = G + �i , where�i , i = 1,2, are correlated
random variables with zero means and distributed independently ofG. This model assumes
no bias among the two instruments and the gold standard. St. Laurent takes the intraclass
correlation between(Xi, G) as the measure of agreement (seeHarris et al., 2001, for an
extension of this measure). For selection purposes he employs a nonparametric bootstrap
confidence interval (CI) for the difference between the two intraclass correlations. This
approach is ad hoc and the no bias assumption cannot in general be justified in practice.
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