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Abstract: In some jurisdictions, race, ancestry or population affinity are part of the biological profile
used in preliminary identification, for historical and political reasons. It is long overdue for forensic
anthropologists to abandon this typological approach to human variation, regardless of the terms
used. Using a sample (1 = 105) selected from the Terry and Coimbra identified reference collections,
a blind experimental approach is used to test several metric methods and versions of methods for
group estimation (Fordisc 3.0 and 3.1, and AncesTrees), that rely on different statistical approaches
(discriminant function analysis and random forest algorithms, respectively) derived from different
reference samples (Howells” data in AncesTrees and Fordisc 3.1, and different forensic subsamples
in Fordisc 3.0 and 3.1). The accuracy for matching premortem documented group designation
is consistently low (36 to 50%) across testing parameters and consistent with other independent
tests. The results clearly show that a change in terminology, software updates, alternative statistics,
expanded reference samples, and newer collections will not solve the underlying fundamental
problems. It is possible and necessary to transition from a typological conceptualization of variation
to the effective utilization of identified reference collections in Forensic Anthropology. In addition to
the theoretical and methodological reasons, it is unethical for forensic anthropologists to continue to
use on the deceased methods that do not work and that serve only to further exclude and marginalize
the living.

Keywords: forensic anthropology; race; ancestry; population affinity; typology; identified reference
collection; theory; methods

1. Introduction and Background

Through an analysis of skeletal remains, a forensic anthropologist may be asked to
construct a biological profile that can assist with the preliminary identification of an un-
known individual. Age at death, sex, and stature form the foundation for this profile, as
this information is usually available on most government issued identification documents.
Therefore, there are premortem records for comparison. In some jurisdictions that have his-
torically had a disproportionate influence on Forensic Anthropology, race or ancestry is also
considered as part of personal identification and assessed for preliminary identification [1].
The perceived need for information regarding race or ancestry is jurisdiction-specific and
based on historical bias rather than real patterns of variation. For example, in South Africa
during the Apartheid era, racial designation was ascribed at birth by an agent of the gov-
ernment and appeared on official government issued identification documents. In contrast
to South Africa, in the United States, racial designation is not necessarily included in official
government issued identification documents. However, it is considered as part of the
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identity of an individual or group. In addition, whether it is self-reported or designated by
a third party, the information is considered as part of identification (see [2] on how race is
categorized in missing persons database in the USA). This wide-spread racialism in the
societies of the United States and South Africa has had and continues to have a dispro-
portionate impact on Forensic Anthropology, and the construction and use of identified
reference collections (IRCs) in those countries and in the rest of the world (see [3,4] for a
counterpoint to racial and Eurocentric approaches).

The development and testing of all methods for constructing a biological profile have
been possible due to the existence of IRCs. In the 21st century, the term IRCs is applicable to
traditional osteological collections derived from anatomical or cemetery sources, collections
of CT and MRl scans, and the Forensic Anthropology data bank (FDB) and similar databases
(see [5] for a systematic review of different types of IRCs and their use in forensic research).
Forensic Anthropology exists due to the fact that these real-bone and virtual collections
are well-documented [5]. An uncritical approach to the use of IRCs has resulted in a series
of sex, age at death, stature, and group estimation methods of limited utility in forensic
contexts. These problems are possibly best seen in various methods for sex and stature
estimation that have been developed in the last two decades, where researchers select a
bone and a collection and create a “population-specific” metric method (see [5] for a critique
of this approach). These problems stem from the method in which IRCs have been used in
Forensic Anthropology [5]. First, the nature and impact of bias on the skeletal variation
sampled and on documentary data that are retained and available for research are rarely
considered. Second, IRCs have typically been treated as biological or statistical populations,
rather than highly biased samples. Third, a typological approach that does not consider the
range of human variation through time has been pursued.

This typological approach rooted in IRCs has affected the construction of a biological
profile in two ways: First, group-specific methods for estimating sex, stature, and age at
death; and second, group estimation methods. Theoretical frameworks and methodologi-
cal approaches for dealing with typology and bias in IRCs have been described in detail
elsewhere and are not re-stated here (see [5-7] for additional details). These alternative
approaches for the use of IRCs to deal with the first issue have proven very successful
when applied to critiques of group-specific methods and to create other alternative ap-
proaches for constructing a biological profile that can be reliably applied in a wide range
of forensic contexts (for example, [8,9] on sex estimation; [10-12] on stature; and [13,14]
on age). Decoupling each question from all of the other questions and certainly from
group-specificity (race, ancestry, nationality, etc.) is a more robust approach to constructing
a biological profile [10]. In this paper, the focus is on the second issue: The estimation of
group membership. With very few exceptions (for example, [1,3,4,15]), the estimation of
group membership, regardless of the term used, has not been an area of critical assessment
from within Forensic Anthropology.

The assessment of group membership remains as one of the most contentious parts
of the biological profile [16]. This persistent and unsubstantiated view is summarized by
Iscan and Steyn [17] (p. 195):

Although almost all biological anthropologists agree that distinct human races do
not exist and that it is impossible to classify humans into discrete race groups based
on their skeletal features, most will agree that some form of geographical patterning
exists. This provides some potential of providing tentative information on biological origin.
However, there is currently no consensus as to how we should go about it, what the correct
terminology would be or even if this type of assessment should be included at all in a
forensic skeletal report.

This contentiousness is surprising considering that all of the genetic and osteological
evidence is unambiguous and clearly shows that the race concept (sometimes referred to
as ancestry or population affinity) is problematic at best and highly damaging at worst
(for example, [1,15,18-50]). For decades, scientifically rigorous research has consistently
shown that: (1) Within group genotypic and phenotypic variation is greater than between
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group variation; (2) about 6% of genotypic and phenotypic variation is attributable to race
or continental origin; (3) there is no concordance of human genotypic and phenotypic
variation with group membership. Race or continental origin are not coarse or useful
groupings for the investigation of human variation, but rather these groupings maintain
existing power relations in society [22]. Despite the clear evidence, Forensic Anthropology
remained resistant to these substantive critiques of the race concept until the end of the
20th century. The critiques were dismissed as coming from outside of the discipline by
researchers who do not understand Forensic Anthropology (for example, [2,51], and more
recently [52]).

In the 1990s, forensic anthropologists started to respond to these critiques. However, in
a superficial manner with only a change in terminology from race-based to ancestry-based
or continental origin terminology [1]. Terms, such as “Negroid” that had originally been
adopted in Physical Anthropology to be scientific, had come to be perceived as problematic
by the late 20th and early 21st centuries in Biological Anthropology [5]. Therefore, terms
such as “Negroid”, “Caucasoid”, and “Mongoloid” became “African”, “European”, and
“Asian”, since the former terms were considered outdated and not because the typological
concepts had been critically assessed. Ancestry, when not used as an euphemism for race,
can be useful in studying human variation. The classic example is a well-established link
between a series of hemoglobin variants, not only a sickle cell, to malarial environments
on at least three continents, not only West Africa (see [43] for systematic review). In an
early systematic critique from within Forensic Anthropology, Albanese and Saunders noted
that this change in terminology without a critical assessment of the highly problematic
typological framework solves nothing and is actually detrimental [1]. Changing only the
terms further obfuscates the typology used in most of the field of Forensic Anthropology,
which is rooted in racial concepts of human variation used to justify slavery and colonialism
(see [20] for a greater historical context of terminology in Biological Anthropology; see [53]
for a perspective from outside of Biological Anthropology).

More recently, the terms are currently revised again and rather than estimating “race”
or “ancestry”, forensic anthropologists should now be estimating “population affinity”
or only “affinity” (for example, [54,55]). These terms are not new, nor is the critique of
them. Albanese and Saunders started their critique by stating in their first sentence, “The
determination of ancestry, population affinities or ethnicity (in the past, referred to as
‘race’) ... " [1] (p. 282). Furthermore, despite the claims of using “evolutionary theory”,
these typological approaches do not consider the arbitrary nature of group construction,
and the plasticity in human phenotype resulting in a complex fluid range of human
skeletal variation through time (see [20] for a critique of the historical and continued
misuse of “evolutionary theory” to maintain power relations in and through Biological
Anthropology). The arguments posed by Ross and Pilloud [54] in critiquing the construction
of the “Hispanic” group are equally applicable to all of the racialized groups, regardless
of the terms used. Additionally, as noted above, decades of research have demonstrated
that none of those groupings are biologically meaningful. Another change in terms does
not address any of the underlying problems, since regardless of the terms used—race,
ancestry, population affinity, ethnicity, etc. —the approach used in most of the field of
Forensic Anthropology involves only a change in terms, and has been and continues to
be typological.

These typological views of human variation were entrenched in and reinforced by the
IRCs that have been used to develop and test methods [5,7,23], beginning with the establish-
ment of some of the most important IRCs in the USA (Terry and Hamann-Todd collections)
and South Africa (Dart collection) in the 20th century [1,56]. Despite the enormous signifi-
cance of the IRCs to Forensic Anthropology, very little attention has been paid to how the
amassing and use of IRCs have been shaped by a typological view of variation, while at the
same time the collections have reinforced the typological approach [1,5,7]. The typological
approach in Forensic Anthropology assumes that variation sampled from a given collection
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exists outside of all contexts, and that it is inherently and statistically representative of a
given “population” with arbitrary social and political parameters for membership.

Forensic Anthropology has been shaped by views in the greater society in which
forensic anthropologists live, while at the same time has reinforced those racialist and
nationalist views. This typological approach to human variation manifests as racialism
and/or nationalism in different regions for historical reasons [5]. In jurisdictions with a
long history of racism, including the USA and South Africa, racialism is reflected in the
theory and methods used in Forensic Anthropology, and is directed internally (see [30]
for an analogous forensic example involving DNA databanks in the USA). In contrast,
nationalism is manifested in nation-specific methods developed in forensic anthropology
and is targeted externally. Nationalism is clearly seen in methods from Europe, Southeast
Asia, South America, and increasingly in the USA to deal with the influx of migrants
through their southern border. The return to terms, such as “population affinity” is a
direct response to the failure of racialist concepts applied to the nonsensical “Hispanic”
grouping when dealing with the horrific number of deaths of migrants entering the USA
from its southern border. Using terms, such as “population affinity” allows for an attempt
to distinguish between “Hispanics” born in the USA and Europe from “Hispanics” born in
Mexico, Central America, and South America. In this context, Forensic Anthropology is
currently used as an extension of immigration policy in the USA.

Despite the described importance of methods and theory related to race and ancestry
(for example, [52,57]), the rigorous and systematic testing of methods for estimating group
membership using large, independent samples have been lacking in Forensic Anthropology
(see [58] for an early exception). In some cases where larger samples were used, the goal of
these tests was to successfully illustrate the problems with the race concept as it is used
by some biological anthropologists, including forensic anthropologists, rather than to test
the forensic utility of methods (for example, [59]). In that case, an archaeological Nubian
sample was used to test Fordisc. Despite the relative biocultural and temporal homogeneity
and known geographic origin of the Nubian test sample, skulls were assigned to various
continental origins. Unfortunately, these results have been ignored or discounted by
forensic anthropologists as not forensically relevant (for example, [17]), despite the results
demonstrating fundamental flaws with Fordisc as well as the problems with discriminant
function analysis and the failure of post hoc probabilities to flag problematic assessments
(see “Materials and Methods” section below).

Most of the research assessing the utility of methods in forensic contexts for assigning
an unknown to a group have focused on the small-scale targeted testing of some methods,
and more recently on highly biased historical studies of case files. Superficially, these
assessments seem to suggest that some methods can provide information that may be
useful in a forensic investigation. However, the historical studies are highly problematic
due to the type of cases that are included in the assessment, i.e., the denominator used
in the calculation of the allocation percentage (for example, [60,61]. Parsons [60] makes
every effort to caution the reader about the results, and Thomas et al. clearly describe the
limitations of their methodology for including cases in their analysis: “ ... although this
may inflate the overall accuracy rate (sic) ... ” [61] (p. 972). However, in both cases, they
still proceed to state an accuracy of over 90% for matching premortem group designations,
when the actual accuracy is certainly significantly lower (see [62] for additional details).

In other cases, the tests of methods using small samples are demonstrations on how to
use specific software, where the researcher has a priori knowledge of the unknown, and
are not true tests of utility in a forensic context (for example, [17,63]). In other cases, larger
samples are used to test the forensic utility of methods. However, the results are inflated
by applying a priori knowledge of the unknown to pursue an approach that will provide
better results (for example, [64-66]). Using both craniometric and geometric morphometric
analyses, Duzik’s [65] results of matching premortem records exceeded 90% in targeted
testing using a priori information to frame the question as “Hispanic versus Japanese”, but
dropped to 56-57% when the analysis was not biased by knowledge of the test sample.
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Similarly, Fernandes et al. [64] note how AncesTrees provides slightly higher allocation
accuracies using a test sample from Brazil. One approach to applying the method using
three ancestry groups works slightly better at allocating people of “European origin”.
Additionally, another approach of applying the method using six or two ancestry groups
performs slightly better at allocating people of “African origin.” In a circular fashion, the
recommended best practices for estimating group membership require a priori knowledge
of the group membership of the unknown (for example, [17,64—68]). A more realistic
assessment suggests that AncesTress will provide an allocation to a group that matches
premortem records 49-53% of the time [64].

A blind test of methods using an independent sample is the only way to have a realistic
assessment of the utility of methods in a forensic context [3,4]. The test must be done
without any a priori knowledge to assess how many times the method provides information
that could be useful in a forensic investigation and how many times can the method be
expected to provide wrong information that is detrimental to an investigation. Moreover, a
blind test of methods using independent samples has clearly demonstrated the failure of
metric and morphoscopic methods to provide information regarding group membership
which would be useful in a forensic investigation, with a failure of the probability scores
to flag erroneous cases [3,4]. These problematic results when using independent samples
are not new (see [58] for a specific example, and [1] for systematic overview). “Fixes”
to problems with group estimation methods have been proposed for decades and have
included calls for changes in terminology, software updates, alternative statistics, and
expanding samples or “updating” samples and IRCs (for example, [17,54,64,69,70]).

Using an independent sample drawn from the Terry and Coimbra collections, a
blind experimental approach is used to challenge the typological assumptions of group
estimation methods. First, two completely different methods are tested, specifically Fordisc
and AncesTrees, that rely on different statistical approaches: Discriminant function analysis
with post hoc probability calculations, and random forest algorithms, respectively. Second,
several versions of methods are tested, specifically, Fordisc 3.0 and 3.1 to assess the impact
of software and statistical updates. Third, the impact of different reference samples is
assessed through a comparison of AncesTrees using Howells” data, Fordisc 3.1 using
Howells’ data, and two different sub-samples of the FDB in Fordisc 3.0 and 3.1. The goal of
this paper is not a test of any specific method or to propose tweaks to fundamentally flawed
concepts. Rather, building on the research of Albanese and Saunders [1], Plens et al. [3,4],
and DiGangi and Bethard [15], the goal of this paper is to demonstrate that it is possible
and necessary to transition from a typological conceptualization of variation to an effective
utilization of IRCs in forensic contexts.

2. Materials and Methods
2.1. Fordisc and Discriminant Function Analysis

Since the 1960s, various group estimation methods have been developed for appli-
cation in forensic contexts using different skeletal elements (see [1,17] for overviews of
methods). Building on a key publication by Giles and Elliot [71], discriminant function
analysis has been the most used statistical approach when allocating an unknown to a
group using metric data [72]. Several methods have emerged that use specialized software
for group estimation. One of the first and most widely available applications is Fordisc,
which uses discriminant function analysis to estimate both race and sex at the same time,
using a suite of standard skeletal measurements and different reference samples [73].

Fordisc is an updated and automated version of the fundamental aspects of Giles and
Elliot’s original method with several major additions that are intended to correct the known
problems with the poor performance of this method [74]. First, a sub-sample from the FDB
which includes data from the Terry collection [70,73] or Howells” [75] data can be used as
the reference sample to calculate the discriminant functions used to allocate an unknown.
Sample sizes by sex-race groups are provided and the general sources of FDB data that are
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used in Fordisc are stated in the manual [73]. However, the exact numbers of individuals
from each original source are not provided.

The second major difference with Fordisc, when compared with many other discrim-
inant function methods, is that it calculates case-specific probability scores post hoc [74].
These scores, known as posterior and typicality probability, are intended to correct ma-
jor well-known shortcomings of discriminant function analysis. As with any predictive
approach, the overall allocation accuracy for a method that uses discriminant function
analysis does not necessarily provide any information regarding its certainty in any one
specific case where the method is applied. Furthermore, the discriminant function score
for any one case may allocate an unknown to a given group. However, the score alone
does not include information to assess the likelihood of a correct allocation in that one
case. Finally, discriminant function analysis will force an allocation into one of the selected
groups even if the unknown is not a member of any of those groups or if the parameters for
group construction are arbitrary and not biologically meaningful. The probability scores
are intended to assess the level of certainty in an allocation of one unknown individual in
one specific case. Posterior or typicality probability scores are between 0 and 1, and there
is also a threshold that needs to be considered. Posterior and typicality probability scores
of less than 0.05 indicated that no confidence should be placed on the allocation of the
unknown individual into a given group, since the unknown is outside of 95% of the range
of the reference sample. Posterior probability is an indicator of how the unknown fits into
any of the selected groups and the posterior probability scores for possible membership in
all of the possible groups sum up to 1. Typicality probability addresses the “none of the
above” problem using discriminant function analysis, and scores of less than 0.05 indicate
that the unknown is “not typical” of the groups selected.

The typicality probability is significantly more important than the posterior probability
in assessing confidence in any given allocation. For example, if the groups “White females”,
“Black females”, and “Hispanic females” are selected for the Fordisc analysis, but the
unknown is documented as male, the discriminant function will force an allocation of
the unknown into one of the female groups, since no male groups were included in the
analysis. The posterior probability of membership in any of the female groups would
similarly support the allocation of female. The posterior probability, with a total of 1,
would be divided among the three selected groups and could be 0.89 for “White females”,
0.09 for “Black females”, and 0.02 for “Hispanic females”. Therefore, while the discriminant
function will force an allocation, the typicality probability of membership in any of those
groups should be less than 0.05 for all the groups selected, indicating “none of the above”
groups, since the unknown is documented as male (see [59]).

In the current study, Fordisc 3.0 and 3.1 [73] were tested using the FDB reference
sample. There are two main differences between these Fordisc versions that are most
relevant to the current test. First, there are differences in the original source and composition
of reference samples from the FDB used in Fordisc. Additionally, there was a shift toward
using less data from the Terry collection with version 3.1. Second, there are updates
on how the typicality probabilities are calculated. Fordisc 3.1 should provide a better
allocation accuracy due to the reference samples used to calculate the discriminant functions.
Moreover, it should provide more certainty in any one allocation with what should be a
more statistically robust approach to calculating three different typicality probabilities.

2.2. AncesTrees and Howells’ Data

AncesTrees is an internet browser-based method that relies on random forest algorithm
to classify an unknown into a group using craniometric data (see [64,76] for additional
details). The random forest approach is probabilistic and is intended to solve the problems
with discriminant function analysis without the need for probabilities to be calculated
post hoc. In contrast to Fordisc, which gives the user the option of selecting FDB or
Howells” data, AncesTrees only uses Howells” data as the reference sample. Moreover, in
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contrast to Fordisc, AncesTrees only assesses group membership and not sex. For each
ethnic-geographic-temporal reference sample, the sexes were combined into one group.

Howells [75] collected craniometric data from archaeological samples organized into
28 groups based on ethnic, temporal, and geographic criteria, including Ainu, Andaman
Island, Anyang, Arikara, Atayla, Australia, Berg, Buriat, Bushman, Dogon, Easter Island,
Egypt, Eskimo, Guam, Hainan, Mokapu, Moriori, Norse, North Japan, Peru, Philippines,
Santa Cruz, South Japan, Tasmania, Teita, Tolai, Zalavar, and Zulu. His approach to
sampling each source was not random, and crania that were considered as “typical” of
each group were selected [75]. Howells did not include crania that were “morphologically
unusual for the population as a whole” [75] (p. 89), and thus created artificially distinct
homogenous groups that did not sample the actual range of variation in any given group,
while also exaggerating the differences between the groups. The negative impact of this
approach to selecting the reference sample should be greater for methods, such as Fordisc
since the discriminant function analysis is inversely related to the degree of overlap among
groups [69]. However, the random forest method used in AncesTrees is a machine learning
approach that should not be susceptible to the same types of problem, given the construction
of the reference samples [76]. AncesTrees should outperform Fordisc using Howells” data
as the reference sample.

2.3. Test Samples

Documentation alone does not make the IRC a useful source of data. The research
potential for IRC is directly related to the quality and accuracy of the documentary data
available for each individual and for the collection as a whole [5]. Without cross-validated
and rigorously verified documentary information, an IRC is only a collection with limited
use for forensic research. The samples used to test all of the methods/versions of methods
were selected from two of the best documented reference collections available for research:
The Terry collection [56] and the Coimbra collection [7,77]. The anatomy-derived Terry
collection is curated at the Smithsonian Institution, and as with all IRCs can be a biased
source of data. However, in this study, the bias can be considered positive in favor of
Fordisc, since a portion of the reference sample in Fordisc comes from the Terry collection.
Fordisc should work very well at allocating individuals from the Terry collection. The
second major source of data came from the cemetery-derived Coimbra collection (Colecgao
de Esqueletos Identificados), which is curated at the University of Coimbra in Coimbra,
Portugal. Group membership was based on the documentation that is available for each
individual from their respective collections. For the Terry collection, race is noted as “White”
or “Negro” or “Black” in the original documents reviewed by the first author [5,56]. Based
on the documentary data available for the Coimbra collection, all of the individuals in
the test sample were born in Portugal and by definition are European [7]. The sample
(n = 105) included 40 Black individuals and 65 White or European individuals (see Table 1
for additional details). For consistency, this paper follows the racial terms used in Fordisc
when presenting the results.

Table 1. Test sample by collection, group, and sex. The group terminology in the table is consistent
with the terminology used in Fordisc; for discussion about terms, please see the text. BF: Black female;
WF: White female; BM: Black male; WM: White male.

Source/Group BF BM WF WM Total
Terry Collection 20 20 8 17 65
Coimbra

Collection 20 20 40
Total 20 20 28 37 105

For the purpose of this test, the age of the Terry and Coimbra collections, i.e., when
the collections were amassed, is irrelevant for two completely separate reasons. First, the
samples from the Terry and Coimbra collections are consistent with samples that have
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been used to develop and test methods for group membership in Forensic Anthropology.
Racialized samples and collections have been used to develop and test methods in ways
that assume that the biological race exists outside of all contexts. Howells” archaeological,
constructed subsamples are used as reference samples in Fordisc and AncestTrees. Even
when the FDB option (rather than Howells” data) is selected in Fordisc, the “ American Indi-
ans” reference sample is derived from 19th century sources. Additionally, as noted above,
the FDB sample includes data from the Terry collection. Furthermore, Navega et al. [76]
used data from the Valle Da Gafaria collection to test AncesTrees. This collection consists
of over 150 people who were enslaved in Africa and died in Lagos, Portugal. Second,
the forensic relevance and research potential of “older” collections is described in detail
elsewhere [5,7]. When sampled in an appropriate manner to address specific questions, the
Terry and Coimbra collections have been used to develop and test methods that have been
proven to perform very well in a forensic context (for example, see [8,9] for sex estimation,
and [10] for stature estimation).

2.4. Measurements and Analysis

It is widely reported that cranial data are the best source of information for estimating
group membership [17], and thus the focus of this research is the cranium. AncesTrees
or Fordisc provide almost no guidance for which and how many measurements should
be used to assign an unknown to a group. Including too few variables in the analysis
may not capture the size and shape of a cranium, while including too many variables is
statistically problematic due to the correlation among predictor variables. In this research,
we pursued a practical approach and selected nine cranial measurements that capture
cranial size and shape, but that are relatively resistant to premortem changes, such as
tooth loss, perimortem changes, such as trauma, taphonomic processes due to burial and
recovery (Coimbra collection), and handling for research purposes (Terry collection). All of
the nine measurements were used in the Fordisc analyses using the FDB data, and eight
were used for the analyses involving Howells’ data. Upper facial height was not collected
by Howells. The measurements are listed and described in Table 2 [78]. Crania that were
sectioned during autopsy or dissection were not included, since cranial height and other
measurements taken across the cuts would be affected by the unknown thickness of the
saw used for sectioning. The sample is a subset of the data collected by the first author to
sample a wide range of human variation in Homo sapiens rather than any one collection
(see [9] for details on sampling).

All of the analyses were carried out using a blind experimental approach. The first
author anonymized the test sample of 105 individuals. First, all of the information regarding
sex, collection, and group membership were removed from the spreadsheet with cranial
data. Second, a random case number was assigned to each individual, in order that the
case number did not reveal any information regarding the source IRC. Third, the order of
the cases was randomized in order that the individuals were not clustered by source or
other criteria. The second and third authors conducted the analysis using the FDB reference
sample in Fordisc 3.0 and 3.1, and Howells’ reference sample in Fordisc 3.1 and AncesTrees.
The analysis was focused on one issue: Utility. In other words, a count of how often
the methods tested provide information that would be useful in a forensic investigation,
and how often the methods would provide information that would be detrimental to
an investigation.
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Table 2. Cranial measurements used in the analysis [78].

Maximum cranial length
(GOL)

The distance of Glabella from opisthocranion in the mid-sagittal plane in a straight
line; measured with spreading caliper

Maximum cranial breadth
(XCB)

The maximum width of the skull perpendicular to the mid-sagittal plane wherever it
is located with the exception of the inferior temporal line and the immediate area
surrounding the latter; measured with spreading caliper

Bizygomatic breadth The direct distance between both zygia located at their most lateral points of the
(ZYB) zygomatic arches; measured with sliding caliper

Basion-bregma height The direct distance from the lowest point on the anterior margin of the foramen
(BBH) magnum, basion, to bregma; measured with spreading caliper

8;?31 Ibase length The direct distance from nasion to basion; measured with spreading caliper

Basion-prosthion length
(BPL)

The direct distance from basion to prosthion; measured with spreading caliper or
sliding caliper

Maxillo-alveolar breadth
(MAB)

The maximum breadth across the alveolar borders of the maxilla measured on the
lateral surfaces at the location of the second maxillary molars; measured with
spreading caliper

Upper facial height *
(UFHT)

The direct distance from nasion to prosthion; measured with sliding caliper

Minimum frontal breadth
(WFB)

The direct distance between the two frontotemporale; measured with sliding caliper

* Not used in the analysis involving Howells’ data.

3. Results

The results of the blind test of AncesTrees and various versions and options in Fordisc
are presented in Table 3. A match with premortem records for group membership ranges
from 36% using Fordisc 3.0 with Howells’ reference sample to 50% for Fordisc 3.0 using
the FDB reference sample. The results from the tests of Fordisc 3.0 and 3.1 using the FDB
reference sample are further deconstructed in Table 3. Both versions of Fordisc force the
user to select groups based on race and sex. Estimating only sex is not an option. As
presented in Table 4, the results for sex and/or race would have been misleading in forensic
investigation 60% of the time for Fordisc 3.0 and 61% of the time for Fordisc 3.1.

Table 3. Utility by trial using identified cases from the Terry and Coimbra collections (1 = 105).

Fordisc 3.0

Fordisc 3.1 Fordisc 3.1 AncesTrees

Reference Sample

FDB *

FDB * Howells Howells

Statistical Approach Discriminant Function Discriminant Function Discriminant Function Random Forest
Matches 50% 47% 36% 37%
Documentation

* FDB: Forensic Anthropology databank.

Table 4. Accuracy by sex and race (n = 105) for Fordisc 3.0 and 3.1 using the FDB reference sample.
Both versions of Fordisc do not allow for the separate estimation of sex and group membership.
Linking sex to group, reduced the utility of sex estimation, and increased the number of cases with
wrong information.

Correct Allocations Race Only Sex Only Both Race and Sex
Fordisc 3.0 50% 73% 40%
Fordisc 3.1 47% 75% 39%

One of the important statistical updates with Fordisc 3.1 was the inclusion of typicality
probabilities that are calculated in three different ways. Low typicality probabilities are
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invaluable for assessing the level of certainty in any one allocation and flagging and
excluding wrong assessments. As noted above, discriminant function analysis may force
an allocation. However, typicality probabilities of less than 0.05 should flag the problematic
cases. Therefore, the typicality scores for each of the 64 cases (61%), where Fordisc 3.1
did not match the documented sex and/or race, were reviewed. In 21 erroneous cases, at
least one of the three typicality scores indicated that no confidence could be placed in the
allocation. In other words, the typicality probability worked as intended in about one third
of cases to flag allocations that did not match premortem records. However, in about two
thirds (42 out of 64) of erroneous cases, the typicality probability indicated confidence in
the assessment even though it did not match premortem records.

4. Discussion

Theoretical, methodological, and ethical problems persist with the continued use of a
typological approach to investigating human variation using IRCs in Forensic Anthropology.
These problems are most evident in the continued attempts at developing methods for
assessing group membership, regardless of the terms used. Whether the people in the
test sample are referred to as “Negro” (as apparent in some original documents), Black
or of African origin or whether they are referred to as “Caucasian,” White, European or
of European origin, the groupings do not capture patterns of variation. Furthermore, the
methods used to assign people to a group have consistently failed. Changing terms from
race to ancestry to population affinity does not solve any of the problems. Additionally, it
only serves to further obfuscate the underlying power relations, where the racialization of
the deceased further contributes to the marginalization of the living [62].

Methodologically, the results from this study are consistent with blind independent
forensically relevant tests of methods for assessing group membership, where accuracy
is about 50%. Additionally, the probability scores fail to identify cases with erroneous
assessments (for example, [3,4]). Moreover, the results presented are consistent with the
test of AncesTrees by Fernandes and colleagues [64] when they assessed accuracy (49-53%)
without a priori assumptions of group membership, which approximates a blind trial.
Similarly for Fordisc, the results are consistent with other independent tests [59,66,79,80].
Furthermore, the figure of about 50% is consistent with the first major systematic test of
Giles and Elliot’s [71] foundational method that used discriminant function analysis to
estimate group membership. Birkby [58] found that the allocation accuracy for matching
the documented group was 52%.

The results presented in this paper are clear and unambiguous. With a systematic,
experimental, and blind approach to testing, the methods and the versions of methods using
various options performed poorly. Using data from the FDB rather than Howells” data
did result in an improvement in the overall allocation accuracy for matching premortem
records. Part of this improvement could possibly be attributed to a larger portion of the test
sample that is selected from the Terry collection. However, the best accuracy for matching
premortem records was still low at 50%. When holding the reference source constant
using Howells” data, the results for AncesTrees (37%) were not substantively different
from Fordisc 3.1 (36%). The statistical approach in AncesTrees does not correct any of the
problems with discriminant function analysis or the sampling problems with Howells’
data. Software updates and some changes in the reference samples used between Fordisc
3.0 (50%) and Fordisc 3.1 (47%) did not result in any meaningful difference in allocation
accuracy. Overall, these results are consistent with Urbanova et al. [66] who tested the same
sample with various methods, including Fordisc 3.0, and found that the highest accuracy
for matching premortem records was about 50%.

Updates to the statistical approaches in Fordisc 3.1, including three different calcula-
tions of typicality probability, lead to incorrect results in all of the calculations in two thirds
of the erroneous cases. These results are consistent with the Fordisc 2.0 tests when typicality
was calculated only one way [59]. Additional statistics further buried the lack of typicality
of an unknown, and thus contributed to the perceived certainty in an allocation when the
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result did not match premortem records. When considering the typicality probabilities for
race and sex, the Fordisc 3.1 results suggest confidence in an allocation in 80% of the cases
(correct matches as well as wrong allocations that were indicated as certain by the typicality
score). However, the results match premortem records for both race and sex in only 39%
of the test cases. Different methods, different group terminologies, alternative statistics,
modified reference samples, software updates, etc. do not provide better results, since the
underlying issues are theoretical problems with conceptualizing human variation and the
use of IRCs in most of the field of Forensic Anthropology.

The fundamental problems are theoretical on at least two levels. On one level, as
noted in the “Introduction and Background” section of this paper, human variation does
not cluster into racial categories, continental origin, ethnicity, population affinity or arbi-
trarily defined IRCs. Regardless of the terms used, the evidence is overwhelming: The
groupings are based on social and political criteria for exclusion and marginalization,
and not based on genotypic and phenotypic variation. On another level, a major shift in
Forensic Anthropology is required to conceptualize patterns of human variation using
IRCs. In contrast to the previously used approaches, IRCs must be considered as highly
biased samples and not as statistical or biological populations [5]. Stating the likelihood
of an unknown’s skeletal variation matching a constructed social group by extrapolating
from a biased sample selected from an IRC is highly problematic. It is relatively easy to
find significant statistical correlations between skeletal variation and arbitrary typological
categories. Albanese and Saunders [1] demonstrated how pubic bone length seems to be
highly correlated with “race” in the Terry collection. However, the pattern of variation is
due to mortality bias, where adult females who were described as Black died prematurely
with compromised growth.

The correlation of variation with a racialized group is an artifact of the collection
process, which is not unique to the Terry collection and affects all of the IRCs. The skeletal
manifestations reflect the impact of poverty, racism, and economic disparity, and this
impact on the skeleton varies [34,81]. In other words, assessing the impact of racism is not
a useful approach for estimating race, since it is not consistent through time and does not
manifest in the same way on the skeleton. Variation is not static and does not exist outside
of economic and political contexts. Furthermore, the parameters for group membership
vary. Socially defined racial identity, as in the USA, and bureaucratically defined racial
designation, as in South Africa, vary through time, by region, and jurisdiction (see [1] for a
discussion concerning social and bureaucratic races). One can easily change their race by
crossing a political boarder [82]. A method using pelvic dimensions based on a sample from
the Terry collection will seem promising for estimating race, ancestry or affinity. However,
the failure to assess the complex causes of variation, racism and not race, results in a
significantly poorer understanding of human variation, and methods that cannot possibly
work when applied to forensic cases. When used in a similar manner, Howells” data can
and should be considered as a collection that is similar to almost any other IRC. As with all
of the other IRCs, these biased samples were constructed through the efforts of collectors
working within historically specific contexts. IRCs are highly biased samples of human
variation and must be sampled accordingly to address specific research questions. The
arbitrary, artificial homogeneity of Howells’ data that also exaggerates group differences
is not a unique problem. It should not be a surprise that AncesTrees (37%) did not make
any difference in allocation accuracy for matching premortem records when compared
with the Fordisc (36%) trial with Howells” data. Fordisc, which uses racial terminology,
and AncesTrees which uses ancestry terminology, are based on the theoretically erroneous
assumption that social categories are fixed and unchanging and that race or ancestry groups
capture at least some human variation. Switching to terms, such as “population affinity” or
only “affinity” does not solve any of the fundamental problems: All of the real-bone and
virtual IRCs are biased samples and not populations; variation is not static; groups are not
homogeneous and distinct; and group membership is fluid and based on social, economic,
historical, and political criteria that do not account for phenotypic or genotypic variation.
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In this paper, the focus has been on metric approaches to assess the key issues related
to software updates, alternative statistics, and expanded or updated reference samples.
However, the results are relevant regardless of the types of data used. The debate and
discussion regarding metric versus morphoscopic data span theoretical and methodological
problems. The difference in accuracy is marginal, and consistently poor, when testing metric
(50%) versus morphoscopic (53%) methods for estimating group membership [3,4,79]. As
Albanese and Saunders [1] have demonstrated, the fundamental problems with typological
approaches are the same regardless of the types of data used, including metric, non-metric,
morphoscopic, and genetic data. Furthermore, geometric morphometric analyses do not
perform in a better way than traditional metric methods [65]. Different approaches to data
collection can capture similar patterns of variation [9]. The pubic bone is an important
source of information for estimating sex. Additionally, as noted above, it can be erroneously
linked to race. Variation in the pubic bone is directly attributable to differential growth at
the symphyseal end of the bone, which will result in the presence or absence of the ventral
arc [83,84]. The ventral arc itself cannot be measured with calipers, and thus it is scored.
However, the differential growth of the pubic bone can be assessed with the measurement
of the superior ramus of the pubic bone (SPRL), a more reproducible alternative to the
traditional measurement of the pubic bone. Measuring the pubic bone and scoring the
manifestation of the ventral arc capture the same variation. There are no “magical” types
of data that will solve fundamental problems with conceptualizing human variation and
poor sampling strategies for the construction of reference samples from IRCs [5].

Moreover, spanning theoretical and methodological problems, the linking of sex,
stature, and age estimation to arbitrary group membership undermines the utility of these
methods in a forensic context. Group-specific methods for estimating sex, stature, and
age at death, are more difficult to apply since group membership must be first assessed,
while at the same time, these group-specific methods do not provide better results when
independently tested. The importance of decoupling all of the questions in the biological
profile from each other, and especially from race/ancestry/affinity and nationality, has been
well illustrated in a series of publications on stature estimation in a forensic context [10-12].
Regardless of how the groups were defined (age, sex, race, continental origin, nationality,
year of birth, etc.) the group-specific methods did not provide better estimates of stature.
Sex-specific equations provide marginally better results, but only if sex was certain. An
error in estimating sex would result in a noticeable decrease in precision and utility for
estimating stature. The method for stature estimation, developed in part from a subsample
of individuals described as “Black females” from the “old” Terry collection, worked as
well or better than a Portuguese-specific and males-specific method when tested on a
sample from Portugal. The generic equations for stature estimation worked best most
often without the need to estimate group membership. Better results are possible when
addressing each question concerning the biological profile independently of each other.
Additionally, erroneous results from one question will not have an impact on answers to the
other questions. The forced linking of sex estimation to race estimation in Fordisc is more
explicit evidence in support of uncoupling group membership from sex estimation. Fordisc
undermines its own potential usefulness for estimating sex. If only sex could be estimated,
the two versions of Fordisc could provide useful information regarding sex that matched
premortem records in 73-75% of cases. By linking sex to race with a typological approach
to human variation, Fordisc provides information that will compromise an investigation in
60-61% of cases.

There are at least two interconnected levels to an ethical argument against the con-
tinued use of a typological approach in Forensic Anthropology [1,3,4,15]. First, forensic
anthropologists, as with all researchers and scholars, have an ethical obligation to conduct
rigorous research and use the best theories and methods available for research and prac-
tice. As demonstrated in the current research, a typological approach to conceptualizing
human variation that racializes the dead will result in a poor understanding of human
variation, and produce methods that do not work as intended. Current methods in Forensic
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Anthropology for estimating group membership provide wrong information that would
compromise a forensic investigation in 50-64% of cases. After 60 years, Fordisc, the updated
and improved automated version using discriminant function analysis, does not perform
any better than the original Giles and Elliot [71] method when tested by Birkby [58] on a
large, independent sample. The utility of AncesTrees to provide information that would
be useful in a forensic investigation is even lower. Furthermore, linking sex, stature, and
age at death estimation to group membership (race, ancestry, affinity, nationality) places
ideology ahead of utility and compromises the answers to those questions, as well. Forensic
anthropologists have an ethical obligation to pursue better research and practice.

Harm to the living is the direct result of the second level for an ethical argument against
a typological approach. Forensic anthropologists have a privileged place at the intersection
of law and science in popular and scholarly discourse. How something is said can be as
important as what is said (see [81] for a case study applying critical discourse analysis
in Forensic Anthropology). Regardless of the terms used by forensic anthropologists, in
highly racialized societies (for example, South Africa, USA, Brazil), authorities are asking
about race, a concept used to marginalize and exclude, and historically to justify slavery
and colonialism. Discussions of group membership in this context by privileged speakers
reinforce racial stereotypes, which promote an Eurocentric world view and allow for third
parties to be racist.

Two papers, published almost 20 years apart with similar titles, illustrate the per-
sistence of these problematic issues with the discourse of methods for estimating group
membership in Forensic Anthropology. Sauer [2] authored “Forensic Anthropology and the
concept of race: if races don’t exist, why are forensic anthropologists so good at identifying
them?”. Seventeen years later, Ousley and colleagues’ [85] coauthored an article with a sim-
ilar title: “Understanding race and human variation: why forensic anthropologists are good
at identifying race”. The focus of these two articles is to illustrate the persistent harm to the
living that can be caused through a typological discourse of the dead [62,81]. This critique
is directed at the discipline for the continued use of a typological approach in the study
of human variation, and not any one forensic anthropologist (see Brace [26] on Sauer [2]).
Third parties looking for “evidence” to justify overt racism and inexperienced forensic
scholars can easily find provocative titles to articles published by forensic anthropologists
in major journals. Detailed and contextualized discussions are more difficult to find in
forensic literature. The more nuanced three-page discussion on race and Fordisc does not
begin until page 72 of the current Fordisc manual (V 1.53) in the section “Race, Races, and
‘Biological Race’”, where statements, such as the following can be found: “FORDISC does
not define, redefine, or justify any racial classifications ... ”

In the titles for both publications [2,85], the respective authors establish the uncon-
tested view of the reality of “race” without defining the meaning of the concept: Biological?
social? bureaucratic? As stated in this manner, readers can default to their own meaning of
race to reinforce their world view. Furthermore, those authors assert the authority of their
discipline and frame the question as to why forensic anthropologists are very good at identi-
fying “them.” Framing a question in this way dismisses the value of research that is critical
of race by scholars from outside of the discipline and precludes the need for independent
assessments of methods through rigorous testing from within the discipline. Despite the
biased framing through these provocative titles, the results presented in this paper are
consistent with the results from previous research: Forensic anthropologists are not good
at and have never been good at identifying race. After 60 years of refinement, different
methods, different group terminologies, alternative statistics, modified reference samples,
software updates, and updated IRCs have not made a difference. It is long overdue for
forensic anthropologists to abandon a typological approach to human variation, regardless
of the terms used.
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5. Conclusions

The problems with a typological approach to conceptualizing human variation are
theoretical, methodological, and ethical, regardless of the terms used (race, ancestry, pop-
ulation affinity, ethnicity, etc.). These concepts are firmly rooted in a misconception of
variation among the general public. Additionally, they are reinforced by the way forensic
anthropologists have used and continue to use IRCs.

Methodologically, the results from the current research are consistent with previous
blind, independent tests of methods for assigning an unknown individual to a group.
The methods consistently perform very poorly (36-50%). Software updates, alternative
statistical approaches, expanded reference samples, etc. have not and cannot solve the fun-
damental theoretical problems with a typological approach to human variation. Since they
are based on flawed assumptions regarding the variation sampled in IRCs, these methods
do not and cannot provide information that would be useful in a forensic investigation.
Forensic anthropologists can expect wrong or misleading results involving a mismatch
with premortem descriptions in at least half of the cases, with a failure of probability
statistics to flag problematic assessments. Linking sex, stature, and age estimation to an
estimated group membership, only ensures that the answers to these questions concerning
the biological profile will also be compromised.

Theoretically, it is to be expected that group estimation methods cannot possibly work,
since evidence of over 100 years is unambiguous and demonstrates that phenotypic and
genotypic variation does not cluster into racial categories, continental origin or population
affinities. This typological approach is firmly rooted in pseudo-scientific concepts of
human variation that have been used to racialize, marginalize, and exclude individuals
and groups. Sanitizing terminology does not address the wide-spread misconceptions of
human variation in scholarly context or with the general public. The continued use of
IRC data in a typological framework in Forensic Anthropology will contribute to a poorer
understanding of human variation.

Ethically, forensic anthropologists have an obligation to conduct rigorous research
and to use the best available methods. No information in a forensic investigation is better
than wrong information, which will result in taking an investigation in the wrong direction.
Pursuing a typological approach places ideology regarding human differences ahead of
utility in a forensic context. Furthermore, forensic anthropologists have a very privileged
place in the scholarly and public discourse regarding human variation. Although not
intended by forensic anthropologists, sanitized terms serve as dog whistles that are heard
by some segments of society with a long history of white supremacy. In 2006, Albanese
and Saunders asked a question with the title: “Is it possible to escape racial typology in
forensic identification?”. With rigorous theoretical and methodological frameworks, it is
possible and necessary to transition from a typological conceptualization of variation to the
effective utilization of IRCs in Forensic Anthropology, and to discuss human variation in a
manner that does not further marginalize the living.
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