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Although linear and quadratic weighting schemes are widely used, their selection is often guided
by substantive considerations rather than a standardized statistical rule. This methodological
short communication described an exploratory data-informed approach for characterizing
ordinal association and category-level heterogeneity using Spearman’s rank correlation and
one-vs-rest receiver operating characteristic (ROC) analysis. The approach is intended to provide
supplementary information for interpreting disagreement patterns rather than to establish a
validated rule for selecting a specific kappa weighting scheme.

Materials and Methods: We described a two-component exploratory approach. First, Spearman’s
rank correlation coefficient was used as a descriptive measure of ordinal association between
two raters and was interpreted separately from agreement statistics. Second, one-vs-rest ROC
analysis was used to describe variation in category-level discrimination across ordinal categories.
The difference between the maximum and minimum area under the curve (AUC) values was
summarized using a descriptive heterogeneity index (D=AUC__ - AUC__ ). The approach was
illustrated using a simulated ordinal dataset. The index was used only to characterize the observed
heterogeneity and was not assigned a validated cutoff or used as a definitive decision rule for
selecting linear or quadratic weighting.

Results: In the illustrative example, the two raters demonstrated a moderately strong positive
ordinal association (Spearman’s P=0.737). One-vs-rest ROC analyses showed variation in AUC
values across categories and between raters. The highest AUC was 0.833 and the lowest was
0.528, resulting in a descriptive heterogeneity index of D=0.305. This variation illustrates non-
uniform category-level discrimination across the ordinal scale. The observed pattern may provide
supplementary information when considering the characteristics of disagreement and the
interpretation of alternative weighting schemes, but it does not establish that quadratic weighting
is universally preferable.
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Conclusion: This methodological short communication presented an exploratory approach for
describing ordinal association and category-level heterogeneity when considering weighting
choices for Cohen'’s kappa. Spearman’s correlation and ROC/AUC analysis provide complementary
descriptive information but do not directly measure inter-rater agreement or constitute a validated
rule for selecting linear or quadratic weighting. The proposed D index is intended only as a
descriptive summary of AUC heterogeneity. Larger simulation studies and independent datasets
are required to determine whether these measures provide useful information for weighting
decisions in different ordinal settings.

Keywords: Cohen’s Kappa, Weighted Kappa, Spearman’s rank correlation, ROC curve, Area under
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Introduction

nter-rater reliability (IRR) is an important

component of medical and health research

because disagreement between raters can

affect the interpretation of categorical
and ordinal outcomes. Cohen’s kappa is widely used to
quantify agreement between two raters while account-
ing for agreement expected by chance. For ordinal vari-
ables, however, disagreements may differ in practical or
clinical importance according to the distance between
categories [1, 2]. Consequently, weighted versions of
Cohen’s kappa are commonly used when the ordinal
structure of the outcome makes the magnitude of dis-
agreement relevant [1, 3].

Two commonly used weighting schemes are linear and
guadratic weighting. Linear weighting assigns penalties
that increase proportionally with the distance between
categories, whereas quadratic weighting assigns pro-
gressively greater penalties to more distant disagree-
ments. The choice between these schemes is therefore
related to how disagreement severity is understood
within the specific measurement scale. Importantly,
there is no universally applicable statistical rule for de-
termining which weighting scheme is appropriate for
every ordinal outcome; substantive knowledge of the
scale remains important. Measures of association may
provide additional information about the relationship
between ordinal ratings. Spearman’s rank correlation
coefficient describes the degree to which the ordinal
ordering of observations is similarly preserved between
raters. However, correlation should not be interpreted
as a measure of agreement, because strong association
can coexist with systematic disagreement. Similarly, re-
ceiver operating characteristic (ROC) analysis primarily
measures discrimination and does not directly quantify
inter-rater agreement [4, 5].

Despite these limitations, category-specific ROC analy-
sis may provide supplementary descriptive informa-
tion when an appropriate external reference criterion
is available. In particular, variation in one-vs-rest AUC
values across ordinal categories may help characterize
whether category-level discrimination is relatively ho-
mogeneous or heterogeneous. Such information may
complement, but cannot replace, direct assessment of
inter-rater agreement and consideration of the substan-
tive meaning of the ordinal scale.

The present methodological note therefore introduced
an exploratory data-informed approach that combines
Spearman’s rank correlation and category-specific ROC
analysis to describe ordinal association and heterogene-
ity across categories. The proposed approach is intend-
ed as an illustrative and descriptive framework rather
than a validated decision rule for selecting between lin-
ear and quadratic weighting. A simulated dataset was
used solely to demonstrate how the proposed mea-
sures can be calculated and interpreted.

Materials and Methods

1. Cohen’s kappa: Cohen’s kappa measures agreement
between two raters beyond the agreement expected by
chance. In its unweighted form, all disagreements be-
tween categories receive the same treatment. Although
unweighted kappa can be calculated for ordinal vari-
ables, it does not account for the magnitude or practical
importance of disagreements between ordered catego-
ries [1, 2, 6].

2. Weighted kappa (Kw): Weighted kappa extends Co-
hen’s kappa by assigning partial penalties to disagree-
ments according to the distance between categories.
This makes it more suitable for ordinal outcomes [7-9].

a) Linear weighted Kappa: Linear weighting assigns
penalties that increase proportionally with the dis-
tance between categories. Under this scheme, moving
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one category farther from exact agreement results in
a proportional increase in the disagreement penalty.
Linear weighting may be appropriate when the practi-
cal importance of disagreement is assumed to increase
approximately proportionally across the ordinal scale
(8-11].

b) Quadratic Weighted assigns increasingly greater
penalties as the distance between categories increas-
es. Consequently, disagreements between distant cat-
egories contribute substantially more to the overall
disagreement than under linear weighting. Quadratic
weighting may be informative when large category
discrepancies are considered substantially more con-
sequential than adjacent-category disagreements.
However, the choice of quadratic weighting should be
justified according to the substantive characteristics of
the ordinal scale rather than determined solely by an
empirical statistic [7, 8, 9, 12].

Exploratory use of Spearman’s rank correlation

Spearman’s rank correlation coefficient was used as a
descriptive measure of ordinal association between the
two raters. It quantifies the extent to which the relative
ordering of observations is similarly preserved across
raters. A higher coefficient indicates stronger monoton-
ic association between the ratings.

Spearman’s correlation does not directly measure
inter-rater agreement and, therefore, should not be
used as a stand-alone criterion for deciding whether
unweighted or weighted kappa is appropriate. In par-
ticular, a high correlation may occur in the presence of
systematic differences between raters. In the present
framework, Spearman’s coefficient was reported only
to characterize the ordinal association between the rat-
ings and to provide complementary information along-
side direct agreement statistics.

Exploratory ROC analysis

To further characterize category-level patterns, one-
vs-rest ROC analysis was performed separately for each
ordinal category when an external reference classifica-
tion was available. For each analysis, the target category
was treated as the positive class and the remaining
categories as the negative class. The resulting area un-
der the curve (AUC) values describe the discriminatory
separation associated with each category.
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ROC/AUC analysis was not interpreted as a measure of
inter-rater agreement and was not used as a validated
criterion for determining the appropriate kappa weight-
ing scheme. Rather, the analysis was used descriptively
to examine whether category-level discrimination was
relatively homogeneous or heterogeneous across the
ordinal scale.

The usefulness of ROC analysis in this context depends
on the presence of a clinically or substantively mean-
ingful external reference criterion. Therefore, the ROC
results should be interpreted as supplementary infor-
mation rather than as a replacement for direct assess-
ment of agreement or substantive consideration of the
ordinal measurement scale.

Descriptive heterogeneity index

For exploratory purposes, we defined a simple hetero-
geneity index:

D=AUC__ -AUC__

Where, (AUC__) and (AUC ) represent the largest
and smallest AUC values obtained across the one-vs-
rest ROC analyses.

The D index summarizes the spread of category-spe-
cific AUC values. A larger value indicates greater varia-
tion in category-level discrimination, whereas a smaller
value indicates more similar AUC values across the eval-
uated categories. In this study, D is used solely as a de-
scriptive measure of heterogeneity. No cutoff value was
proposed, and D was not used as a validated decision
rule for selecting linear or quadratic weighting.

Illustrative example:

The proposed exploratory approach was demonstrat-
ed using a simulated dataset consisting of 36 observa-
tions rated independently by two raters on a three-level
ordinal satisfaction scale: dissatisfied, neutral, and satis-
fied.

The simulated example was constructed solely to
demonstrate the calculation and interpretation of the
proposed descriptive measures. It was not intended to
evaluate the validity, accuracy, sensitivity, specificity, or
generalizability of the proposed approach.

Spearman’s rank correlation was calculated to de-
scribe the ordinal association between the two raters.
One-vs-rest ROC analyses were then performed for
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Table 1. Category-specific area AUC values from the one-vs-rest ROC analyses

Groups (One-vs-Rest) Rater 1 Rater 2
Dissatisfied vs others 0.833 0.528
Neutral vs others 0.75 0.639
Satisfied vs others 0.528 0.667
each satisfaction category using the specified external Discussion

reference classification. The resulting AUC values were
summarized using the D index.

Results

To explore category-specific patterns, one-vs-rest ROC
analyses were performed for each category. The AUC
values were as follows:

Two raters independently evaluated the satisfaction
level of 36 patients using a three-level ordinal scale.
Spearman’s rank correlation coefficient between the
two raters was calculated and found to be 0.737, indicat-
ing a strong positive monotonic association. Based on
this result, the use of weighted Cohen’s kappa was con-
sidered appropriate.

To explore category-specific patterns, one-vs-rest ROC
analyses were performed for each category. The AUC
values were as follows:

The AUC values varied across categories and between
raters, indicating that category-level discrimination was
not uniform across the ordinal scale. The largest AUC
was 0.833 and the smallest was 0.528, yielding a D in-
dex of:

D=0.833 - 0.528=0.305

This value indicates a relatively heterogeneous dis-
tribution of category-specific AUC values within this il-
lustrative dataset. The observed heterogeneity may be
relevant when considering the practical interpretation
of disagreements across the ordinal scale; however,
it does not, by itself, establish that linear or quadratic
weighting is superior. The example is intended only to
demonstrate the calculation and descriptive interpreta-
tion of the proposed index.

The resulting AUC values are presented in Table 1.

This methodological note presented an exploratory ap-
proach for describing ordinal association and category-
level heterogeneity when considering weighting schemes
for Cohen’s kappa. The central premise was that the inter-
pretation of disagreement in ordinal data should consider
both the statistical structure of the ratings and the practical
meaning of distances between categories. The proposed
approach combined Spearman’s rank correlation as a de-
scriptive measure of ordinal association with category-
specific ROC/AUC analysis as supplementary information
about discrimination across the ordinal scale.

Importantly, neither Spearman’s correlation nor ROC/AUC
is a direct measure of inter-rater agreement. Spearman’s
correlation describes monotonic association between rat-
ings, whereas ROC/AUC describes discrimination relative
to an external reference criterion. Accordingly, these mea-
sures should not replace direct agreement statistics or sub-
stantive consideration of the ordinal scale. Their proposed
role in this study is descriptive: they may help characterize
patterns that can be considered alongside the observed
agreement matrix and the clinical or practical meaning of
the distances between categories.

Interpretation of the D index

The D index provides a simple summary of the spread
of category-specific AUC values. In the illustrative exam-
ple, D=0.305 indicated that the degree of category-level
discrimination varied across the evaluated categories.
This observation may be useful when describing the
structure of an ordinal scale, particularly when dis-
agreements across categories may have different practi-
cal implications.

However, the present study does not establish a direct
relationship between the magnitude of D and the su-
periority of either linear or quadratic weighting. There-
fore, no threshold was proposed. The D index should be
regarded as an exploratory descriptive measure whose
potential usefulness for weighting decisions remains to
be evaluated.

Shabankhani B, et al. Exploratory Assessment of Kappa Weighting Schemes. Iran J Health Sci. 2026; 14(3):321-326.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

Iranian Journal of Health Sciences

Limitations

Several limitations should be emphasized. First, the
proposed approach was demonstrated using a single
simulated dataset and was not designed to validate the
performance of the proposed measures. Second, the
relationship between AUC heterogeneity and the opti-
mal weighting scheme for Cohen’s kappa has not been
established empirically. Third, ROC analysis requires
an appropriate external reference criterion, and its in-
terpretation may therefore depend on the clinical or
substantive context in which it is applied. Fourth, Spear-
man'’s correlation measures ordinal association rather
than agreement and should not be interpreted as a sub-
stitute for kappa or other agreement coefficients.

Accordingly, the proposed approach should be con-
sidered hypothesis-generating and exploratory. Future
research should evaluate its behavior using extensive
simulation studies with different numbers of categories,
distributions of ratings, patterns of disagreement, prev-
alence structures, and predefined weighting assump-
tions. Independent empirical datasets should also be
used to determine whether category-level heterogene-
ity measures provide information that is useful beyond
conventional agreement statistics and substantive judg-
ment.

Conclusion

Choosing between linear and quadratic weighting for
Cohen’s kappa depends on the structure of disagree-
ments and the practical meaning of distances between
ordinal categories. This methodological note presented
an exploratory approach for describing ordinal associa-
tion and category-level heterogeneity using Spearman’s
rank correlation and one-vs-rest ROC/AUC analysis.
The proposed D index provides a simple descriptive
summary of variation in category-specific AUC values.
However, neither Spearman’s correlation nor ROC/AUC
directly measures inter-rater agreement, and no validat-
ed threshold or decision rule for selecting a weighting
scheme was proposed. The approach should therefore
be regarded as supplementary and exploratory. Larger
simulation studies and independent datasets are re-
quired before its potential role in informing weighting
choices can be established.
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