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Abstract

A modified large-sample (MLS) approach and a generalized confidence interval (GCI) approach are proposed for constructing
confidence intervals for intraclass correlation coefficients. Two particular intraclass correlation coefficients are considered in a
reliability study. Both subjects and raters are assumed to be random effects in a balanced two-factor design, which includes subject-
by-rater interaction. Computer simulation is used to compare the coverage probabilities of the proposed MLS approach (GiTTCH)
and GCI approaches with the Leiva and Graybill [1986. Confidence intervals for variance components in the balanced two-way model
with interaction. Comm. Statist. Simulation Comput. 15, 301–322] method. The competing approaches are illustrated with data from
a gauge repeatability and reproducibility study. The GiTTCH method maintains at least the stated confidence level for interrater
reliability. For intrarater reliability, the coverage is accurate in several circumstances but can be liberal in some circumstances. The
GCI approach provides reasonable coverage for lower confidence bounds on interrater reliability, but its corresponding upper bounds
are too liberal. Regarding intrarater reliability, the GCI approach is not recommended because the lower bound coverage is liberal.
Comparing the overall performance of the three methods across a wide array of scenarios, the proposed modified large-sample
approach (GiTTCH) provides the most accurate coverage for both interrater and intrarater reliability.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Since the introduction of the intraclass correlation coefficient by R. A. Fisher, its use as a measure of reliability has
received much attention (Bartko, 1966). Its usefulness and application in the social, behavioral, and medical sciences
has been clearly demonstrated (Bartko, 1966; Lin et al., 2002; Fleiss, 1986). Researchers have become increasingly
aware of the observer or rater as a source of measurement error. Because measurement error can impair the statistical
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analysis and its interpretation, it is important to quantify the amount of measurement error by use of some form of a
reliability index such as a kappa statistic, concordance correlation coefficient, or an intraclass correlation coefficient
(Lin et al., 2002; Fleiss, 1986; Fleiss and Cohen, 1973; Landis and Koch, 1977; Fleiss and Shrout, 1979; Armitage
et al., 1994).

The intraclass correlation coefficient is based upon standard analysis of variance (ANOVA) models and the estimation
of variance components. Although assumptions of normality for these models may not be warranted in certain cases,
the ANOVA procedure is generally robust and permits the estimation of the appropriate variance components and the
intraclass correlation coefficients (Landis and Koch, 1977; Searle, 1971). Typically, intraclass correlation coefficients
are the ratio of variance components of interest to total variance. There are numerous forms of intraclass correlation,
each appropriate for different models and objectives (Fleiss and Cohen, 1973; Müller and Büttner, 1994; St. Laurent,
1998). The appropriate version is dictated by the specific situation defined by the experimental design and conceptual
intent of the reliability study (Fleiss and Shrout, 1979). This paper concentrates on two particular intraclass correlation
coefficients that measure interrater reliability and intrarater reliability.

For the balanced two-factor random design with only one observation per subject–rater cell, in which the interaction
term cannot be separated from the error term, confidence intervals for interrater reliability have been presented by
several authors including Fleiss and Shrout (1978), Zou and McDermott (1999), Cappelleri and Ting (2003), Arteaga
et al. (1982), Burdick and Graybill (1988, 1992) and Tian and Cappelleri (2004). For the balanced two-factor random
design with multiple replicates per subject–rater combination (cell), which affords assessment of subject-by-rater
interaction, confidence intervals for interrater reliability have been presented using a modified large-sample (MLS)
approach by Leiva and Graybill (1986) and Burdick and Graybill (1992). For general discussion of intraclass correlation
coefficients,Adamec and Burdick (2003) propose a Satterthwaite approach and Hamada andWeerahandi (2000) propose
a generalized confidence interval (GCI) approach. These investigations, however, do not provide confidence intervals
for intrarater reliability.

This paper, therefore, focuses on applying a type of MLS approach to obtain approximate one-sided and two-sided
confidence intervals for two particular forms of intraclass correlation: interrater reliability and intrarater reliability.
Both reliabilities are derived from a study in which we assess the balanced two-factor random effects design having
multiple replicates per cell. In addition, the proposed MLS and GCI approach are compared to the Leiva and Graybill
(LG) method based on lower bound coverage, upper bound coverage, two-sided confidence interval coverage, and
confidence interval width.

Section 2 describes the two intraclass correlation coefficients. Section 3 explicates the derivation of the confidence
bounds for the intraclass correlation coefficients using the proposed modified large-sample approach. Section 4 intro-
duces the proposed generalized variables for interval estimation for the particular intraclass correlation coefficients.
Section 5 covers the existing Leiva and Graybill method. Section 6 explains the computer simulation study, and Section
7 contains the simulation results. Section 8 illustrates the competing procedures with an example. Section 9 provides
concluding remarks.

2. Interrater and intrarater reliability

We consider a reliability study in which each of the I subjects is independently measured by each of the J raters
a total of K times (K > 1). In addition, it is assumed that both subjects and raters are randomly selected from their
respective populations.

The appropriate statistical model is the two-factor crossed random effect with interaction term. The kth measurement
on the ith subject by the j th rater is represented as

Yijk = � + Ai + Bj + (AB)ij + �ijk ,

i = 1, . . . , I ; j = 1, . . . , J ; k = 1, . . . , K, K > 1, (1)

where � is the overall mean, Ai is the effect of the ith subject, Bj is the effect of the j th rater, (AB)ij is the effect of
the interaction between the ith subject and the j th rater, and �ijk is the unexplained error. The terms Ai, Bj , (AB)ij ,
and �ijk are assumed to be jointly independent normal random variables each with a mean of zero and variances given
by �2

A, �2
B , �2

AB , and �2
� , respectively. The expected mean squares for model (1) is shown in Table 1.
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