Journal of
Clinical
Epidemiology

32 s BCX »Ju”'
ELSEVIER Journal of Clinical Epidemiology 61 (2008) 983—990

Quality assessment of ordinal scale reproducibility: log-linear models
provided useful information on scale structure
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Abstract

Objective: In health research, ordinal scales are extensively used. Reproducibility of ratings using these scales is important to assess
their quality. This study aimed to compare two methods analyzing reproducibility: weighted Kappa statistic and log-linear models.

Study Design and Setting: Contributions of each method to the reproducibility assessment of ratings using ordinal scales were com-
pared using intra- and interobserver data chosen in three different fields: Crow’s feet scale in dermatology, dysplasia scale in oncology,
updated Sydney scale in gastroenterology.

Results: Both methods provided an agreement level. In addition, log-linear models allowed evaluation of the structure of agreement.
For the Crow’s feet scale, both methods gave equivalent high agreement levels. For the dysplasia scale, log-linear models highlighted scale
defects and Kappa statistic showed a moderate agreement. For the updated Sydney scale, log-linear models underlined a null distinguish-
ability between two adjacent categories, whereas Kappa statistic gave a high global agreement level.

Conclusion: Methods that can investigate level and structure of agreement between ordinal ratings are valuable tools, since they may
highlight heterogeneities within the scales structure and suggest modifications to improve their reproducibility. © 2008 Elsevier Inc. All
rights reserved.
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1. Introduction really measures what it is intended to measure, its validity
is an essential issue in the quality of such measurement in-
struments [13]. Sensitivity to changes is also required to de-
tect clinically significant changes due to disease evolution.
In addition, reproducibility of the ratings is also necessary.

Reproducibility can be defined by the ability to obtain
similar results when several measurements of the same ob-
jects are performed. In particular for patients, the reproduc-
ibility of ratings made using an ORS is a major issue,
because their classification into one of the different
categories may have important consequences on their ther-
apeutic follow-up, and possibly on their quality of life.
Therefore, it is of prime importance to analyze the variabil-
ity of ratings resulting from the use of an ORS and to inves-
tigate the reproducibility of these ratings as a component of
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In health research, ordinal rating scales (ORS) are mea-
surement instruments that have been extensively used over
the past decades. Initially developed in psychometrics to
assess the severity of behavioral troubles or disturbances
[1,2], ORS became essential in health research tools to
measure clinical outcomes such as symptoms [3,4], pathol-
ogist findings [5,6], disease severity [7,8], treatment re-
sponse [9,10], and health-related quality of life [11,12].
The use of ORS allows clinicians to classify patients, in
an objective and homogeneous way, into different patients’
categories for which standardized treatment and manage-
ment could be defined. Given that an ORS is valid if it
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or independently by two or more observers (interobserver
ratings). Then, to estimate the degree of agreement between
these ratings, weighted Kappa statistic [14] is widely used
because it appears as a simple index of agreement, easily
computable using statistical software. For an ORS, the
weighted Kappa statistic treats disagreements in adjacent
categories as less severe than disagreements in more distant
categories. Moreover, these weights can be chosen in accor-
dance with the importance given to the disagreements.

More recently, log-linear models have been developed in
an attempt to explain the structure of agreement among two
or more observers using an ORS [15—18]. Lately, Valet
et al. [19] introduced new developments of log-linear
models to investigate the quality of an ordinal scale through
the analysis of the degrees of distinguishability between its
adjacent categories, that is to say the ability for the two ob-
servers to distinguish between these adjacent categories.
Actually, this new method provides a description of the
structure of agreement, which may highlight where the
defects of the scale are located.

In this paper, we described Kappa statistic and log-linear
models methods that have been introduced by Valet et al.,
to analyze the reproducibility of two ratings made using
an ORS. For that purpose, both methods were used to assess
the reproducibility of ratings made with three different ORS
coming from dermatology, oncology, and gastroenterology.

2. Materials and methods

2.1. Estimating the degree of agreement between
two ordinal ratings: weighted Kappa statistic

Ratings made using an ORS by two independent ob-
servers A and B, or by the same observer at two distant
times, can be summarized in a contingency table (Table
1). To estimate the degree of agreement between ratings
n;;, where n;; is the number of objects rated i by A and j
by B, the Cohen’s weighted Kappa statistic [14] is gener-
ally used. This statistic is more informative than simple
proportions of agreement, as it accounts for the proportion
of agreement that is expected by chance only. Moreover,

Table 1

the weighted Kappa statistic is an improvement of the usual
Kappa statistic, which is used for qualitative nonordinal
ratings, since it can attribute “full credit” for complete
agreement (maximal weight w; = 1 attributed to the corre-
sponding n;; diagonal cells) and varying amounts of *“‘par-
tial credit” for different disagreements (weights w; <1,
attributed to discordant ratings n;, decreasing as the
distance between i and j increases). The weighted Kappa
statistic is defined by:
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In 1973, Fleiss and Cohen proposed the “‘square error
weights” [20], defined by:
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where [ is the number of categories.

Theoretical Kappa values range from —1 to 1, but in
practice, they are usually nonnegative. Values close to 0 in-
dicate agreements that can be explained by chance only and
a value equal to 1 accounts for a perfect agreement. To in-
terpret the level of agreement, a five-level nomenclature
proposed by Landis and Koch [21] is generally used:
“slight agreement” for Kappa values inferior or equal to
0.2, “fair agreement” ]0.2—0.4], “moderate agreement”
10.4—0.6], ““substantial agreement’ ]0.6—0.8], and ‘“‘almost
perfect agreement” ]0.8—1].

The weighted Kappa statistic can be computed, for ex-
ample, using SAS© (FREQ procedure option AGREE) or
R (Kappa function in package ved or wkappa function in
package psy) statistical software.

2.2. Estimating the degree of distinguishability between
adjacent categories: log-linear nonuniform association
models

2.2.1. Theoretical aspects
When the same objects are rated by two different ob-
servers A and B (or by the same observer at two distant

Contingency table: classification of N objects by two observers A and B (or by one observer at two distant times A and B), using an ordinal rating scale

with [ categories

B

ilj 1 2 i I-1 1 Total
A 1 npy np2 nyi nyp1 nyi nj.

2 ny; n22 na; n2rq nzy ny,

1 nij ni2 n;; uosi njy n;,

I-1 npgr nrj2 nyji npgr1 npgr npj.

1 nyy npe ny; nyg nn ny.

Total n; no n; npg ny n =N

Cell counts n;; indicate the number of objects rated i for measure A and j for measure B.
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