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Introduction
Compliance with the Daubert ruling [1] requires the evaluation of all medico-legal methods and techniques
employed in forensic anthropology. Among other requirements, Daubert calls for estimates of reliability of
methods through interobserver error testing. Reliability is best appreciated as a measure of the consistency
of recorded observations. It is a necessary component of validity (the strength of the connection between
observations, methods, and applicable conclusions) because unreliable methods cannot be valid. However,
despite these criteria, few researchers measure interobserver error.
A recent study by Ingvoldstad and Crowder [2] has revealed a lack of consistency in the field for testing
observer error in forensic anthropological research. In a review of 276 articles from 1980 to 2008 in the
Journal of Forensic Science, they reported that only 30% of the articles presented observer error analyses
and even fewer (19%) looked at interobserver error. When tests of error were reported, they found that very
little attention was given to the topic. This is problematic because many studies fail to report the method
used for observer error or fail to use reliable methods for some specific data sets.
Testing interobserver error in discrete data, such as ordinal data often employed to assess sex or age in
forensic anthropology, poses a particular challenge for several reasons. Primarily, Agresti [3] has noted
that for ordinal scales raters often do not have perfect agreement because of perceptual differences in the
meaning of categories and because of intrarater variability. While there is often disagreement, there is a
general tendency to only differ by small amounts [4]. Also in the case of ordinal scaled categories applied
in forensic anthropology studies, there is often no standard with which to compare each observer’s score.
In these cases tests of interobserver error measure the consistency of scoring between observers [4]. Of
the reported methods for observer error analyses from the review of Ingvoldstad and Crowder [2], tests of
percent agreement, correlation, and t-tests were the most commonly employed statistics followed next by
Cohen’s Kappa (K) [5].
Simple frequency and percent agreement methods fail to account for agreement due to chance and tend
to overestimate the actual agreement. Kappa was introduced as a more reliable measure of observer
agreement that corrected for chance. Originally K was proposed for use with nominal data with two
observers and dichotomous categories. It has since been extended to ordinal data with more than two
categories, as well as to multirater assessment [6]. Observer agreement using K is assigned an index of
agreement corrected for chance. A zero score equals chance agreement, while a positive one equals perfect
agreement. Guidelines of acceptable agreement scores have been proposed by Green [7] where K > 0.75
shows high agreement, < 0.40 shows low agreement, and between 0.40 - 0.75 presents a fair to good level
of agreement.
Kappa has been widely used because this statistic has several benefits over previously used forms of
agreement measures. Most notably, K adjusts for chance, provides a single index of agreement that can
be compared and can be easily calculated with free online programs [5]. In spite of these advantages, K
is not without its limitations and weaknesses. One major shortcoming when using the K statistic for ordinal
data is how heavily it is affected by bias, prevalence, and the number of categories [8, 9]. In addition, K is
only a measure of exact agreement and assumes that all disagreements in classification are equally serious
thereby ignoring the degree of agreement and near misses [9, 10]. Currently, K is the most popular method
of analyzing observer agreement in disciplines such as clinical medicine and psychology for categorical
data. Recently, its use in forensic anthropology has been explored and its application in the field continues to
increase [3, 11].

values: ventral arc 0.25, subpubic concavity 0.19, and medial aspect of the ischio-pubic ramus 0.25 (i.e.
high interobserver error) (Table 2). These low values question the likelihood of replicating this high correct
classification rates when the variables are scored by other researchers. Percent agreement for each trait, as
well as combined complete and within one score percent agreement were calculated to further investigate
the level of agreement (Table 3). Specifically, the low K values (reflecting supposedly low reliability) did not
seem to disturb a highly accurate and highly valid method of estimating sex. Therefore, using this method
of measuring reliability, specifically interobserver differences, did not appear to be reliable for these data
because scoring differences minimally affected classification accuracy. Unreliable methods cannot be valid
and in this case, a low indication of reliability was contradicted by a high indication of validity.

Results
Results using methods employed in the previous studies with the
additional collected data:

* Data set from Klales (2009) and Vollner et al. (2009)				
† Observers with previous experience 								

˚ Additionally collected data for current study
‡ Observers without previous experience

Table 2. Values of Cohen’s Kappa for each trait from both the previous study and the current
study with additional data.

Classification accuracy for sex using all three traits was 93.5% for both sexes, 91.6% for females and 95.4%
for males, respectively (Table 1, Rater D). Interobserver statistics using K for all four observers provided
low indices of agreement (Table 2). While for two of the three traits K scores increased from the previous
studies, they still fell well below the adequate level of agreement. Percent of overall agreement for each
trait, as well as the combined complete and within one score percent agreement was analyzed for each trait
(Table 3). For the ventral arc, the overall percent of agreement for four scorers was 38% and all observers
were the same or within one score 51% of the time. In scoring the subpubic concavity, all four scorers had
an overall percent agreement of 36% and in 41% of all observations, they were the same or within one
score of each other. The medial aspect of the ischio-pubic ramus showed a percent overall agreement of all
scorers of 41% and all scores agreed or were at least within one score 65% of the time.

New results from these data using methods not previously
employed for interobserver agreement:
Table 3. Percent of overall agreement and combined within one score and complete percent agreement for the original study and the current study.

* Data set from Klales (2009) and Vollner et al. (2009) with 3 observers (chance = 33%)
† Data set from current study (Klales & Ousley 2010) with 4 observers (chance = 25%)

The aim of this study was to examine the utility of Cohen’s Kappa for assessing interobserver error for
ordinal data sets and also to compare it with those of other alternative methods. This evaluation is based on
the analysis of newly recorded data and the original datasets from Klales [12] and Vollner et al. [13].

Materials and Methods
Current Study

Klales [12] and Vollner et al. [13] used a sample of 170 innominates
of known adult individuals from the Hamann-Todd Collection (HTH).
The sample consisted of 83 females and 86 males from American
“White” and “Black” populations. Each of the three Phenice [14] traits
were blindly scored from the HTH material by three different individuals
of varying experience levels (one with experience [Rater A] and two
without experience [Raters B and C]). Scores from one to five were
assigned for each trait following the scale corresponding to illustrations
and written descriptions (Figure 1). Different estimates of interobserver
error were obtained as were the percentages of overall agreement and
correct classification for each observer.

A fourth observer with experience scored the expanded Phenice traits using the same sample from the
previous studies. All analyses conducted during the original studies were recalculated using the additional
data from the fourth observer. These analyses included calculating cross-validated, classification accuracies
for sex using linear discriminant function analysis, and tests of interobserver agreement using overall
percent agreement, complete and within one score agreement and K.
Basic descriptive statistics not used in the previous study were also calculated to further describe the level
of agreement between observers. Spearman’s rho (SR), a commonly used correlation measure of rater
agreement, was calculated using the new data set. Using SR as opposed to the Pearson’s product moment
correlation is preferred for ranked data and was calculated for all scorers with a two-tailed test of significance
at the 0.01 level. In addition, frequency of scorer agreement for each trait was calculated for all observers.
Figure 1. Ordinal scores (from top to bottom) for the
subpubpic concavity, the medial aspect of the ischiopubic ramus, and the verntal arc from Klales (2009)
and Vollner et al. (2009).

This method uses marginal scores and is less sensitive to the number of categories, a major advantage
compared to K [17]. A two-way random average model was used, with consistency type 95% tolerance
interval. Log linear modeling takes into account the effect of chance and rater disagreement by using models
to assess the goodness of fit of each model based on the terms that make up those models (each scorer)
and is preferred over the analysis of variance for categorical data [16]. Backward elimination was used
to test all possible observer interactions, starting with a saturated model. For each step chi-square was
calculated and models deemed non-significant were dropped until the simplest models of observer scoring
were generated.

Table 1. Classification accuracies by scorer using linear discriminant function analysis.

Review of Original Studies

Sex estimation was based on linear discriminant function analysis
for each rater and provided correct classification rates as high as
99.4% (Table 1). However, Cohen’s K in these studies rendered low
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The reliability of the previous interobserver method (K) was also tested using statistically more robust
alternative error estimations including the intraclass correlation coefficient (ICC) and log linear models
(LLM). The ICC measures the proportion of the variance that is attributable to object measurements [15].

Results for the SR correlations were significant
at the 0.01 level for all observers for all three
traits (Tables 4, 5, 6). In all traits, the observers
with experience (Rater A and Rater D) had the
highest correlations: ventral arc 0.86, subpubic
concavity 0.63, and medial aspect of the ischiopubic ramus 0.76. Frequencies for each trait
were calculated by the number of observer
agreements (Figure 2).
The ICC for this study rendered high values:
ventral arc 0.87, subpubic concavity 0.81, and
medial aspect of the ischio-pubic ramus 0.79.
These values show a high level of consistency
in scores between observers compared to K,
thereby, indicating reliability of scoring. Log
linear modeling for agreement for each trait
produced four, two by two agreements using all
observers for each trait with a non-significant
chi-square indicating a good fit of the model.

Table 4. Spearman’s rho correlation coefficient for the ventral arc.

Figure 2. Frequency of observer agreement for all traits.

In this study other methods provided measures of reliability more consistent with the observed correct
classification rates, most notably the ICC with the LLM confirming the fit of all users within the best model.
This suggests that K should be interpreted with caution, or even abandoned at times, when analyzing ordinal
data in forensic contexts.
Cohen’s [17] weighted K (WK) was considered as an alternative to K for this study because it is the
proportion of weighted agreement corrected by chance, thereby fixing the assumption of K that all
disagreements are equal [11]. Weights in WK are typically assigned prior to collecting the data; however,
these weights are arbitrary in nature and like K are affected by the number of categories. When standard
weights were used, WK was found by Fleiss and Cohen [16] to be equal to the ICC and avoids arbitrarily
assigned weights. For this reason, reliability analysis using ICC is recommended over using WK.
Also of note from this study is the effect of experience on classification accuracies. The inclusion of a
second experienced observer allowed for comparison between the two levels of rater experience. While
the inexperienced observers (Raters B and C) still achieved fairly good classification accuracies for sex, the
experienced observers (Raters A and D) achieved much higher classification rates. Therefore, while this
method can be utilized by those without experience, its utility for sex estimation increases if the scorer has
some familiarity with the Phenice characteristics.

Acknowledgements
Table 5. Spearman’s rho correlation coefficient for the subpubic concavity.

The authors thank Lyman Jellema, of the Cleveland Museum of Natural History, for access to the HamannTodd Collection and Rebekah Baranoff and Alexis Dzubak who assisted in the data collection process.
Thanks also go to Dennis Dirkmaat, Steve Symes, Luis Cabo and Michael Kenyhercz for their support, as well
as David Pedler for graphic and editorial assistance. Finally the authors would like to thank Jennifer Vollner,
one of the authors of the previous study and data collectors for this research.

References
Table 6. Spearman’s rho correlation coefficient for the medial aspect of the ischio-pubic
ramus.

Discussion &
Conclusions
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