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The measurement of the degree of agreement among different assessors, which
is called inter-rater agreement, is of critical importance in the medical and social
sciences. Inter-rater agreement is measured by using different statistics for various
types of data. In this work, inter-rater agreement is considered for an ordinal scale with
two assessors. For an ordinal scale, agreement measures are used along with weight
functions based on the values of scores representing the structure of hierarchy among
the levels of the ordinal row and column variables. The choice of row and column
scores impacts the estimated degree of agreement. The weighted agreement measures
are prone to the unbalanced structures of the table and/or the existence of grey zones
in the agreement table owing to the assessment behaviour of the raters.

In this study, we focus on the impact of such grey zones on the accuracy of
inter-rater agreement measures for the ordinal outcomes. While there are altered
versions of the inter-rater agreement measures for the ordinal tables, there is no explicit
agreement about the use of a standardised method. In an inter-rater agreement study,
where two raters score different facets of the subject of interest or have different
degrees of expertise, there might be a grey zone among the levels of the categories. A
grey zone may cause misrepresentation of the degree of consensus among raters and
impact the decisions made based on the inter-rater agreement measures. In this context,
it is important to know how the presence of a grey zone influences the inter-rater
agreement measures to use the most reliable measure of agreement against the grey
zones.

There are many combinations of agreement measures and weight functions pro-
posed in the literature. However, the reliability of an agreement measure and weight
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function combination against the grey zones has not been thoroughly studied in the
literature. There is a lack of a general definition of a grey zone in an agreement
table and no methodology developed for random generation of agreement tables in
Monte Carlo simulation studies. Estimation of weights from the agreement table to
compute inter-rater agreement measures has not been considered in the literature.

The thesis starts with the introduction in Chapter 1, where we give an overview
of inter-rater agreement studies in the literature and describe our research questions,
objectives and contributions. Next, in Chapter 2, we provide general information on
inter-rater agreement measures in both classical and Bayesian approaches and outline
Markov Chain Monte Carlo methods used in this thesis. In Chapter 3, we assess the
accuracy of the inter-rater agreement measures when there is no grey zone and the cell
counts are distributed across the cells of the agreement table in an unbalanced pattern
(unbalanced table structure) by considering a large number of agreement measure and
weight function combinations in a Monte Carlo setting. Then, in Chapter 4, we propose
a formal definition for grey zone context and a method for the random generation of
agreement tables with a grey zone in Monte Carlo studies. We extend our first Monte
Carlo study for the tables having grey zones to identify reliable measures of agreement
against the existence of grey zones. In Chapter 5, we propose a Bayesian approach
to estimate the row and column scores of the agreement tables from the data and
compute the weights based on the scores reflecting the information on the hierarchy
among the ordinal levels. We illustrate the details of prior specifications and the impact
of this approach using a real agreement table with grey zones. We also conduct a
Monte Carlo simulation study to assess the accuracy of the proposed approach and
compare it to the classical approach for the weighted agreement measures. By the
proposed approach, in Chapter 6, we conclude that our studies improve the accuracy
of the weighted agreement measures and mitigate the impact of the grey zones in the
estimation of the strength of agreement between two raters in inter-rater agreement
studies.

Some of this research has been published in [1, 2].
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