

  forensicsci-03-00004




forensicsci-03-00004







Forensic Sci. 2023, 3(1), 22-33; doi:10.3390/forensicsci3010004




Article



A Non-Racial Approach to Assessing Group Membership of Victims in a Mass Grave Using Cranial Data



John Albanese *[image: Orcid] and Alyssa Di Iorio





Department of Integrative Biology, University of Windsor, Windsor, ON N9B 3P4, Canada









*



Correspondence: albanese@uwindsor.ca; Tel.: +1-(519)-253-3000 (ext. 3973); Fax: +1-(519)-971-3621







Academic Editors: Ricardo Dinis-Oliveira, Francisca Alves Cardoso and Pier Matteo Barone



Received: 27 December 2022 / Revised: 11 January 2023 / Accepted: 16 January 2023 / Published: 25 January 2023



Abstract

:

In some jurisdictions, race, ancestry, or population affinity have been used for historical and po-litical, rather than biological, reasons in forensic anthropology when identifying individuals. The approach persists even though the genetic and skeletal data clearly demonstrate that human variation does not cluster into these groups. For over 60 years, these methods have consistently performed poorly when independently tested using large samples. By racializing the deceased, these methods have further marginalized the living. However, there is a need in the investigation of genocide and human rights violations to demonstrate that a specific group was targeted. Without relying on the outdated typological concepts of human variation, in this paper we present preliminary results for a method that can be used in a mass grave context to demonstrate that a specific group was targeted. Using samples from two identified reference collections, we created subsamples from one relatively homogeneous collection to model various mass grave scenarios and used the relatively heterogenous sample from the other collection as a reference for com-parison. In scenarios that varied by sample size and sex, it was possible to determine that a specific group was targeted if the sample size in a hypothetical mass grave was greater than 25 for a multi-sex sample, when sex is not known, and a minimum of 14 if sex could be estimated.
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1. Introduction


Forensic anthropologists can assist with the identification of an unknown individual by constructing a biological profile by estimating sex, stature, and age at death from skeletal remains. In some jurisdictions, ancestry (sometimes referred to as race or population affinity) is also considered part of identification for historical and political reasons rather than biological reasons [1]. There are many theoretical, methodological, and ethical problems with the continued use of these typological approaches in forensic anthropology. Theoretically, osteometric and genetic variation does not cluster in racial groups, continental origins, and national affinities—for a systemic review in forensic anthropology see [1,2]. Methodologically, when tested systematically using independent samples, methods perform very poorly when estimating group membership, matching premortem documents in only 36–50% of cases [1,3]. These poor results are consistent with some of the earliest tests of these methods beginning in the 1960s, for example, [4]. Changes in reference samples, alternative statistical approaches, new terminology, software updates, etc., have not resulted in any improvements in providing information that could be useful in a forensic investigation [1]. Additionally, linking sex estimation and stature estimation to group membership can make these methods more difficult to apply, while compromising accuracy and utility—see [1,5]. Ethically, there are at least two major problems with these typological approaches. First, forensic anthropologists should be using the best methods that are available and stop using methods that provide wrong information in over 50% of cases [1,3]. Second, the continued racialization of the dead only serves to reinforce existing power structures that marginalize the living [6]. With a privileged place at the intersection of science and law, forensic anthropologists can have an enormous influence on how individuals and groups are racialized and marginalized by what they say and how they say it [7].



For individual cases, assessing ancestry/race/affinity should be avoided because methods provide wrong information that would seriously compromise an investigation in the majority of cases. Forensic anthropologists should adopt a more robust protocol for identification that does not include estimating race, ancestry, or affinity [1,3,6]. However, there is a need to prove that a specific group was targeted in investigations of genocide and crimes against humanity. In this paper, we present an approach to estimate group membership that can be applied to mass graves. Although mass graves are defined differently by various researchers, based on the number of individuals required for a burial site to be considered a mass grave, most researchers agree that a burial site must contain remains that are tightly packed and indiscriminately placed to be considered a mass grave [8]. In other words, the grave is an attempt to hide the evidence of mass murder and deny the dead the locally appropriate mortuary rituals and practices and is thus a continuation of structural violence inflicted on the dead and the survivors.



Without relying on the outdated typological concepts of human variation, we present some preliminary results for an approach that can be used within the context of a mass grave to demonstrate that a specific group was the target of violence. In this research we use carefully selected research samples from two different identified reference collections (IRCs). Subsamples from the relatively homogeneous Coimbra collection are used to model various mass grave scenarios involving one or multiple sexes and a range of sample sizes. A sample from the relatively heterogenous Terry collection is used as a reference sample for comparison.




2. Materials and Methods


2.1. The Terry Collection


The Terry collection was amassed by Robert J. Terry and Mildred Trottier over the first six decades of the 20th century—for details see [9]. They collected skeletons from cadavers used for anatomical instruction at the medical school at Washington University in St. Louis, Missouri. The cadavers originated primarily from unclaimed individuals who died at various hospitals and institutions from the surrounding area; while a subset of the cadavers included individuals who had bequeathed their remains to be used for anatomical instruction when it became legally possible and socially acceptable to do so. All IRCs are biased in some way due to the collections process and other factors, but bias is a problem if it is ignored in research design and bias can be exploited to address specific research questions [10]. The Terry collection can be considered relatively heterogenous because the collection includes individuals with a wide range of ages at death and years of birth and was drawn from a wide range of geopolitical locations over a long period covering a great deal of political and economic change. For example, some individuals in the collection suffered from the impacts of poverty and economic disparity during their entire lives, while others who died during the Great Depression may have lived in extreme poverty only at the end of their lives—for details about these skeletal manifestations see [2,7]. The study sample used in this research is a subset of the sample previously used to develop both sex and stature estimation methods [5,11]. The sample was carefully selected using year of birth together with age at death to sample a wide range of human variation in Homo sapiens associated with secular changes and mortality bias [11]. For the current research, the sample from the Terry collection was used as a relatively heterogenous reference sample.




2.2. The Coimbra Collection


The Coimbra collection (Colecção de Esqueletos Identificados), which is curated at the University of Coimbra, includes the identified remains of individuals from the main cemetery in the City of Coimbra, Portugal, who died between 1904 and 1936 [12,13]. The collection is relatively homogeneous due to the collection process and the source of the remains. Most of the individuals were included in the collection in two narrow phases of collection from the same cemetery. Most were born and lived in the District of Coimbra, or adjacent districts, and they were from the same socio-economic and political classes. They lived, died, and were buried and exhumed under similar social, political, economic, and legal circumstances. The collection is derived from a relatively homogeneous local community similar to a group that could be targeted in acts of genocide. For this research, the sample from the Coimbra collection was used to create various mass grave scenarios that varied by sample size and sex.




2.3. Cranial Measurements


We pursued a practical approach and used 10 standard cranial measurements that capture overall cranial size and shape and that are relatively resistant to premortem changes such as tooth loss, perimortem changes and trauma, and taphonomic processes including burial and recovery. Table 1 includes a list of measurements and a description of each measurement used in this research [14]. These measurements were also selected because they can be easily collected using spreading and sliding calipers with a minimal amount of training. All measurements were collected by one researcher (JA).



Many of the crania in the Terry collection were sectioned when used for anatomical instruction [9]. Measurements were not taken across the cuts to the cranium because the amount of bone removed by the saw could not be estimated. The total sample from the Terry collection of 111 cases included 48 individuals whose sex was documented as female, and 63 individuals whose sex was documented as male. The sample size for the Coimbra collection varied with each trial to recreate various mass grave scenarios with different numbers of overall cases for all sexes, and males and females separately. Sample size for each of the 60 scenarios are presented in Table 2, Table 3 and Table 4.




2.4. Statistical Approach


Logistic regression is a robust probabilistic approach for predicting a dichotomous outcome that has occasionally been used in Forensic Anthropology for sex estimation—for early examples see [11,15]. In this research, this statistical approach is used to compare the mass grave subsamples from the Coimbra collection to the reference sample from the Terry collection. Essentially, logistic regression is used to allocate individuals to one of two groups: Coimbra collection subsamples (“mass grave”) or not Coimbra collection subsamples (“not mass grave”). Given this approach, an allocation accuracy of greater than 50% in allocating individuals from the Coimbra subsamples to the Coimbra subsamples instead of the Terry collection sample suggests that a majority of the individuals in the hypothetical mass grave are more similar to each other than to the more diverse reference sample from the Terry collection.



Logistic regression calculates a p-value between zero and one for each case. The default setting is to have 0.5 as the sectioning point. This value can be adjusted to maximize allocation accuracy, but, in this research, it was kept at 0.5 for consistency across trials. Given the coding of the data, a p-value greater than 0.5 allocated an unknown to the Terry collection sample, and a p-value less than 0.5 allocated an unknown to the Coimbra collection subsamples. The p-value is also the probability of a correct assessment. For example, a p-value of 0.9 would allocate the case to the Terry collection sample and can be interpreted as a 90% probability that the individual is from the Terry collection sample. Conversely a p-value of 0.1 would allocate the case to the Coimbra subsamples with a probability of 90% (1 − 0.1 = 0.9). Generally, one of the strengths of logistic regression is that the p-value is used as an indicator of certainty in any one case independent of the overall allocation accuracy. However, in this research the probability of any one correct allocation is less of an issue. What matters most is the pattern of p-values of the subsamples modelled as a mass grave. The p-values for each case were assessed in more detail for the all-sexes scenarios that provided the best results with the largest subsamples, and with the smallest subsamples (n = 26) that met the minimum parameters for useability.




2.5. Selection of Subsamples to Model Various Mass Grave Scenerios


Various scenarios were considered for all-sexes subsamples and sex-specific subsamples. The first step was to run the analysis with the entire Coimbra all-sexes sample. The Coimbra sample was then randomly resampled with decreasing sample sizes using complex random sample selection feature in SPSS 28, wherein the Terry collection sample remained the same and a specified percentage of the Coimbra collection sample was randomly sampled. First, a random sample of 80% of the entire Coimbra collection sample was selected as a model for a mass grave, then 60% was randomly sampled, then 40% was randomly sampled, etc. After these initial major steps of 20% intervals in sampling, the Coimbra collection was resampled to fill gaps in sample size, with a focus on smaller sample sizes to test the limits of applicability of the method. Twenty trials of varying sample sizes (n = 7 to 127) were analyzed using logistic regression. The resampling was stopped at 20 trials because a clear pattern began to emerge with the results. The approach was repeated for those individuals wherein sex was documented as female (n = 6 to 64), and again for those whose sex was documented as male (n = 4 to 63).



This approach for an all-sexes, and sex-specific analysis was pursued to assess the parameters of applicability of the method. In some cases, certain sexes or genders are specifically targeted for violence and are included in a mass grave. In other cases, all sexes and genders are targeted. Biological sex can be defined using various criteria, but using relatively straight forward chromosomal criteria, there are at least five sexes that occur in humans at measurable frequencies: XO, XX, XY, XXY, XYY—for a more comprehensive and nuanced review see [16]. One goal of this research is to assess if there are any benefits of using a sex-specific approach that relies on a binary conceptualization of sex. Does controlling for one of the two more common biological sexes (XX or XY) and/or the more commonly documented sexes, female or male, provide better results? Another goal is to assess the parameters of applicability of the method when a binary approach to sex estimation is not applicable, sex cannot be reliably estimated, or marginalized genders or sexes (not XX or XY) have been disproportionately targeted.





3. Results


An allocation accuracy of greater than 50% for a subsample from the Coimbra collection indicates that the individuals included in the hypothetical mass grave have more in common with each other than with the reference sample from the Terry collection. This threshold of 50% was exceeded for the all-sexes scenarios when the sample size for the mass grave was greater than 25 cases (Table 2). The 50% threshold was met with smaller sample sizes for sex-specific trials. For scenarios that included individuals whose sex was documented as female (Table 3), allocation accuracy for the Coimbra collection mass grave subsamples consistently exceeded the 50% threshold when the sample size was 14 individuals or higher. When the sample was below 14 individuals, the accuracy varied widely from 28.6% (n = 7), to 38.5% (n = 13), to 100% (n = 6). For scenarios that included individuals whose sex was documented as male (Table 4), the Coimbra collection mass grave subsamples consistently met or exceeded the 50% threshold with a sample size of about 12 to 14 individuals. As with the females, the allocation accuracy below this sample size produced both the lowest allocation accuracy of 44.4% (n = 11) and the highest allocation accuracy of 100% (n = 4). It is worth stating explicitly that the 100% accuracy for the smallest sex-specific models are likely due to chance since the results are not consistent with other results wherein accuracy is correlated to sample size.



Excluding the smallest sample sizes (n = 4 males and n = 6 females), which had the highest allocation accuracies (100%), there is a clear pattern wherein allocation accuracy increases with an increase in size of the mass grave sample. This pattern is clearly visible in Figure 1, a scatter plot of sample size by allocation accuracy. The other pattern that is clear in Figure 1 is that, for any given sample size, the allocation accuracy for the sex-specific scenarios always exceeds the all-sexes scenarios.



The p-values for each case were reviewed in detail for two specific trials for the all-sexes scenarios to assess the pattern of allocation. The p-values for the scenario with the best results using the entire Coimbra collection sample are presented graphically in Figure 2. The p-values for the subsamples (n = 26) that met the minimum parameter (50% allocation accuracy) for useability are presented in Figure 3. For both figures, the first column includes p-values between 0.0 and 0.09, the second column includes p-values between 0.1 and 0.19, the third column includes p-values between 0.2 and 0.29, etc. The white portion of each column represents the Coimbra collection individuals, and the shaded portion of each column represents the Terry collection individuals. Any given column may include individuals from either collection. For example, the first column in Figure 2 includes four individuals from the Terry collection sample allocated to the Coimbra collection sample, and over 50 individuals from the Coimbra collection sample allocated to the Coimbra collection sample. The pattern in Figure 2 clearly demonstrates that the majority of the sample from the Coimbra collection was allocated to the Coimbra collection with p-values from 0.0 to 0.29 (probabilities of 99% to 71%, respectively), as seen in the white portions of first three columns. The strong p-values from each individual case confirm the relative homogeneity of the Coimbra collection sample. The results in Figure 3 appear to be different because of the much smaller sample size for the Coimbra collection subsamples. However, these results are consistent with Figure 2. For this scenario wherein the Coimbra collection subsamples included 26 individuals, 14 of those individuals (53.8%) were allocated to the Coimbra collection. Of those 14 cases, 13 cases out of 26 (i.e., 50%) had p-values between 0.0 and 0.29 (probabilities of 99% to 71%, respectively). Even after excluding a case from the Coimbra collection with an ambiguous p-value of 0.44 (the one case in white in the column 0.4 in Figure 3), the overall allocation accuracy is still 50%.




4. Discussion


Allocation accuracies varied with subsample sizes and sex-specific approaches in various scenarios, but consistently demonstrated the utility of the method for assessing that a specific relatively homogeneous group was targeted and included in a mass grave. Allocation accuracies of greater than 50% for the various subsamples modelled as mass grave scenarios were possible, provided that minimum samples (n > 13 for sex-specific and n > 25 for all-sexes) were available for analysis. The modeling of the Coimbra collection subsamples demonstrates that it is possible to assess that those individuals who were murdered and included in the mass grave have more in common with each other than with an external, independent reference sample.



Controlling for some variation related to commonly documented sexes (male and female) consistently provided better results and worked well with smaller samples. These results are statistically expected since a sex-specific subsample, regardless of how sex is defined, will include a narrower range of variation for any given subsample. A male-only sample will exclude the smallest individuals from a subsample, and the female-only sample will exclude the largest individuals from the subsample. Either approach will truncate the range of variation. Controlling for some of the variation associated with documented sex necessarily made the Coimbra subsamples more homogeneous and allowed for good results (over 50%) with smaller sample sizes. Although the all-sexes approach requires a larger sample, it is a more robust approach for several reasons. First, sex cannot always be reliably estimated. It can be difficult to assess which individuals might be larger females versus smaller males. In other cases, individuals who identify as men (gender) and are targeted because of their gender may have a skeletal phenotype that is consistent with a “female pattern” or vice versa. Although counter-intuitive, a sex-specific approach based on various biological assumptions may perform worse than an all-sexes approach when a specific gender was targeted because biological sex does not neatly map onto gender. Additionally, the all-sexes approaches can be pursued without linking this method to sex estimation. Individual sex and group membership remain two separate independent questions, and errors in sex estimation will not have an impact on the assessment of group membership—for a well-documented case involving stature estimation see [5]. Overall, the all-sexes approach should be used when a binary approach to sex estimation is not applicable, sex cannot be reliably estimated, or marginalized genders or sexes (not XX or XY) have been disproportionately targeted.



An added benefit of this approach that focuses on the entire group of victims rather than any one individual is that missing data for any one case (for example, due to severe cranial trauma), or the ambiguous p-value in any one case (see Figure 3), will not compromise the utility of the method. The measurements collected for most individuals in the mass grave can be effectively used to demonstrate that a specific relatively homogeneous group was the target of violence, and a clear cluster of strong p-values can be used to support the conclusion (see Figure 2 and Figure 3). The results wherein allocation accuracy exceeded 50% were consistent when sample sizes fluctuated slightly. For example, when the subsamples for the all-sexes scenario (Table 2) ranged from 49 to 52 individuals, the allocation accuracy ranged from 73.5% to 75%. All the results in this accuracy range strongly demonstrate the homogeneity of the subsample used to model a mass grave. Having to exclude a few cases because of missing data has minimal impact on the utility of the method provided the sample size minimums are met.



Additional research is needed to establish the full parameters of applicability and utility of the method using different predictor variables. Logistic regression allows for a great deal of flexibility in which variables can be used as predictor variables because the data do not need to be normally distributed. It is possible to use different measurements and possibly fewer measurements, and to combine measurements with morphological data and dental non-metric traits as predictor variables. However, future research should be conducted to confirm the minimum number of variables required, and which combinations can be used effectively. In this research we used 10 standard cranial measurements that capture overall cranial size and shape. These standard measurements are often already being collected as part of a standard protocol in many investigations. Thus, the approach described here can be applied to data collected from individuals from mass graves that have already been excavated. The method has potential beyond the investigation of genocide and human rights violations. The method can be applied in some bioarchaeological contexts as well. This research was initiated, in-part, by a need to establish the parameters of applicability of the method to assess the relationships of the deceased included in a Late Bronze Age monumental tomb on the island of Kefalonia, Greece, without relying on destructive methods —for detailssee [17].



Skeletal analysis is one of two critical steps to determine that a specific group was targeted and included in a specific grave. After the relative homogeneity of the victims in a mass grave is confirmed with this new method, the ethnicity of the targeted group must be assessed using material cultural objects found in the mass grave with the victims. To be clear, we are not attempting to estimate “ethnicity” as a euphemism for race, ancestry, or affinity. The skeletal data are not used to estimate “ethnicity.” The true ethnicity of a group is assessed with the material cultural objects and personal belongings of those murdered and placed in a mass grave. The skeletal data would only indicate that the victims were a relatively homogeneous group when compared to an external reference sample. A similar approach using material cultural objects can be used to assess if certain genders were disproportionately targeted.



In addition to providing evidence supporting the utility of a new method, the results from this research also provide additional evidence against using a typological approach in forensic anthropology. The Coimbra collection subsamples consisting of European-born individuals did not cluster with those individuals from the Terry collection who were described as “White” in various documents—for details about documentary data see [9]. Furthermore, those individuals who were described in various documents as “White” and “Black” from the Terry collection were consistently grouped together. The results in Table 2, Table 3 and Table 4 indicate that the allocation accuracy for the Terry collection sample starts high at 82.5% and increases to 100% as the Coimbra collection subsamples decrease. However, a more rigorous approach is to hold sample sizes from each collection approximately equal. For the all-sexes comparison (Table 2), the Terry collection sample included 111 cases, and the allocation accuracy for this reference sample was 83.8%. Comparable samples from the Coimbra collection are 100 and 127 individuals, and allocation accuracy for these Coimbra samples were 82.0% and 84.3%, respectively. Similarly, for the female-specific scenario wherein sample size was the same for each collection (n = 48), the allocation accuracy was 83.3% for the Terry collection individuals and 85.4% for the Coimbra collection subsamples (Table 3). Lastly, for the male-specific scenario the maximum sample size was the same at 63 individuals for the Coimbra collection sample and the Terry collection, and allocation accuracy was 82.5% for the Terry collection sample and 81.0% for the Coimbra collection sample. It is possible to predict collection membership with an allocation accuracy exceeding 80% with minimal bias in accuracy by collection. The historical, socioeconomic, and political context of the collection has much more explanatory power than race/ancestry/affinity when investigating patterns of human variation (2,5,10,11,13,18).



The results from this research demonstrate that the method for assessing group homogeneity can work in a mass grave context, and that approaches that use race, ancestry, or affinity are not effective at capturing patterns of human variation and predicting group membership. However, the results do not show that the variation in the subsamples from the Coimbra collection can, or should, be extrapolated nationally, and the results do not demonstrate a pattern of “population affinity” for Portugal—see [10]. The homogeneity of the Coimbra collection subsamples is due to the samples being derived from the mortality sample of a group from a very specific time, place, and political and socioeconomic context. The method works because it assesses temporally, geographically, and economically specific biocultural variation for a specific local group. A different pattern of variation is necessarily expected with living conditions that vary through time and space. For example, in the context of assessing patterns of secular change, the mean maximum femur length for males from the Coimbra collection born in the 19th century was not significantly different from the mean for females from the Terry collection when controlling for year of birth [18]. When looking at secular changes during the 20th century throughout Portugal, the mean height of males increased from 163.2 cm in 1904 to 172.13 cm with significant differences by district [19]. There is no homogeneity through time or space in Portugal.




5. Conclusions


The main goal of this research is to present a new approach that is applicable in a mass grave context to assess that a specific, relatively homogeneous group was targeted without resorting to harmful typological pseudo-scientific stereotypes. This method may be used in more recent forensic contexts and possibly in some bioarchaeological applications. We used 10 standard cranial measurements that capture overall cranial size and shape and that are relatively resistant to premortem, perimortem, and taphonomic changes. All the measurements can be easily collected with standard spreading and sliding calipers with minimal training, and typically are already collected as part of a standard protocol in many investigations. The results suggest that these standard measurements can be applied to mass graves that have already been excavated, as well as to future investigations. Missing data or measurements for any one case will not compromise the utility of the method, provided that minimum sample sizes are available for analysis. Additional research is required to assess which other metric, morphological, and non-metric variables could reliably be used as predictor variables.



The pattern of results clearly supports that this method does provide useful information for the investigation of mass graves with minimum sample sizes of greater than 25 for a multi-sex scenario and greater than 13 individuals for sex-specific approaches. The results from this research also provide additional evidence against a typological approach in forensic anthropology involving race, ancestry, and affinity. The Coimbra collection subsamples of European-born individuals consistently did not cluster with those individuals from the Terry collection who were described as “White.” Those individuals who were described as “White” and “Black” from the Terry collection were consistently grouped together.
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Figure 1. A scatter plot of sample size by allocation accuracy for the Coimbra collection subsamples for 60 trials modeling various mass grave scenarios. 






Figure 1. A scatter plot of sample size by allocation accuracy for the Coimbra collection subsamples for 60 trials modeling various mass grave scenarios.



[image: Forensicsci 03 00004 g001]







[image: Forensicsci 03 00004 g002 550] 





Figure 2. Distribution of p-values for the all-sexes Terry collection sample (n = 111) and the entire all-sexes Coimbra collection sample (n = 127). 
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Figure 3. Distribution of p-values for the all-sexes Terry collection sample (n = 111) and the smallest all-sexes Coimbra collection subsamples (n = 26) that met the minimum 50% allocation accuracy criterion. 
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Table 1. Descriptions of cranial measurements [14].






Table 1. Descriptions of cranial measurements [14].





	Measurements
	Definition





	Maximum cranial length
	Distance of glabella from opisthocranion in the mid sagittal plane measured in a straight line.



	Maximum cranial breadth
	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 surround the latter.



	Bizygomatic breadth
	Direct distance between both zygia located at their most lateral points of the zygomatic arches.



	Cranial height
	Direct distance from the lowest point on the anterior margin of the foramen magnum, basion, to bregma.



	Cranial base length
	Direct distance from nasion to basion.



	Basion prosthion
	Direct distance from basion to prosthion.



	Maximum alveolar breadth
	Maximum breadth across the alveolar borders of the maxilla, measured on the lateral surfaces at the location of the second maxillary molars.



	Upper facial height
	Direct distance from nasion to prosthion.



	Minimum frontal breadth
	Direct distance between the two frontotemporale.



	Mastoid length
	Projection of the mastoid process below, and perpendicular to, the eye–ear plane in the vertical plane.
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Table 2. Allocation accuracies using logistic regression with decreasing sample sizes from the Coimbra collection used to model mass grave scenarios with all sexes. Sample size from the Terry collection was held constant (n = 111) as a reference sample.






Table 2. Allocation accuracies using logistic regression with decreasing sample sizes from the Coimbra collection used to model mass grave scenarios with all sexes. Sample size from the Terry collection was held constant (n = 111) as a reference sample.





	
Coimbra Collection

	
Terry Collection (n = 111)




	
n

	
Coimbra

	
Terry

	
% Correct

	
Coimbra

	
Terry

	
% Correct






	
127

	
107

	
20

	
84.3

	
18

	
93

	
83.8




	
100

	
82

	
18

	
82.0

	
15

	
96

	
86.5




	
81

	
61

	
20

	
75.3

	
14

	
97

	
87.4




	
73

	
54

	
19

	
74.0

	
11

	
100

	
90.1




	
66

	
48

	
18

	
72.7

	
12

	
99

	
89.2




	
52

	
39

	
13

	
75.0

	
8

	
103

	
92.8




	
51

	
38

	
13

	
74.5

	
9

	
102

	
91.9




	
49

	
36

	
13

	
73.5

	
9

	
102

	
91.9




	
46

	
28

	
18

	
60.9

	
10

	
101

	
91.0




	
38

	
27

	
11

	
71.1

	
4

	
107

	
96.4




	
34

	
21

	
13

	
61.8

	
6

	
105

	
94.6




	
28

	
18

	
10

	
64.3

	
6

	
105

	
94.6




	
26

	
14

	
12

	
53.8

	
6

	
105

	
94.6




	
24

	
10

	
14

	
41.7

	
7

	
104

	
93.7




	
23

	
10

	
13

	
43.5

	
6

	
105

	
94.6




	
21

	
11

	
10

	
52.4

	
6

	
105

	
94.6




	
15

	
7

	
8

	
43.8

	
4

	
107

	
96.4




	
11

	
2

	
9

	
18.2

	
1

	
110

	
99.1




	
8

	
3

	
5

	
37.5

	
1

	
110

	
99.1




	
7

	
1

	
6

	
14.3

	
0

	
111

	
100
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Table 3. Allocation accuracies using logistic regression with decreasing sample sizes from the Coimbra collection used to model mass grave scenarios with individuals whose sex was documented as female. Sample size from the Terry collection was held constant (n = 48) as a reference sample.






Table 3. Allocation accuracies using logistic regression with decreasing sample sizes from the Coimbra collection used to model mass grave scenarios with individuals whose sex was documented as female. Sample size from the Terry collection was held constant (n = 48) as a reference sample.





	
Coimbra

	
Terry (n = 48)




	
n

	
Coimbra

	
Terry

	
% Correct

	
Coimbra

	
Terry

	
% Correct






	
64

	
59

	
5

	
92.2

	
8

	
40

	
83.3




	
58

	
53

	
5

	
91.4

	
8

	
40

	
83.3




	
50

	
44

	
6

	
88.0

	
8

	
40

	
83.3




	
48

	
41

	
7

	
85.4

	
7

	
41

	
85.4




	
46

	
41

	
5

	
89.1

	
7

	
41

	
85.4




	
41

	
35

	
6

	
85.4

	
7

	
41

	
85.4




	
37

	
29

	
8

	
78.4

	
6

	
42

	
87.5




	
36

	
30

	
6

	
83.3

	
7

	
41

	
85.4




	
31

	
26

	
5

	
83.9

	
7

	
41

	
85.4




	
29

	
22

	
7

	
75.9

	
7

	
41

	
85.4




	
26

	
20

	
6

	
76.9

	
7

	
41

	
85.4




	
25

	
19

	
6

	
76.0

	
5

	
43

	
89.6




	
23

	
15

	
8

	
65.2

	
5

	
43

	
89.6




	
21

	
15

	
6

	
71.4

	
5

	
43

	
89.6




	
16

	
10

	
6

	
62.5

	
6

	
42

	
87.5




	
14

	
8

	
6

	
57.1

	
4

	
44

	
91.7




	
13

	
5

	
8

	
38.5

	
5

	
43

	
89.6




	
11

	
7

	
4

	
63.6

	
3

	
45

	
93.8




	
7

	
2

	
5

	
28.6

	
1

	
47

	
97.9




	
6

	
6

	
0

	
100

	
0

	
48

	
100
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Table 4. Allocation accuracies using logistic regression with decreasing sample sizes from the Coimbra collection used to model mass grave scenarios with individuals whose sex was documented as male. Sample size from the Terry collection was held constant (n = 63) as a reference sample.






Table 4. Allocation accuracies using logistic regression with decreasing sample sizes from the Coimbra collection used to model mass grave scenarios with individuals whose sex was documented as male. Sample size from the Terry collection was held constant (n = 63) as a reference sample.





	
Coimbra

	
Terry (n = 63)




	
N

	
Coimbra

	
Terry

	
% Correct

	
Coimbra

	
Terry

	
% Correct






	
63

	
51

	
12

	
81.0

	
11

	
52

	
82.5




	
56

	
45

	
11

	
80.4

	
10

	
53

	
84.1




	
50

	
39

	
11

	
78.0

	
7

	
56

	
88.9




	
49

	
39

	
10

	
79.6

	
9

	
54

	
85.7




	
47

	
37

	
10

	
78.7

	
9

	
54

	
85.7




	
45

	
33

	
12

	
73.3

	
9

	
54

	
85.7




	
40

	
28

	
12

	
70.0

	
9

	
54

	
85.7




	
37

	
28

	
9

	
75.7

	
3

	
60

	
95.2




	
34

	
25

	
9

	
73.5

	
4

	
59

	
93.7




	
27

	
19

	
8

	
70.4

	
5

	
58

	
92.1




	
24

	
18

	
6

	
75.0

	
1

	
60

	
95.2




	
23

	
17

	
6

	
73.9

	
3

	
60

	
95.2




	
19

	
12

	
7

	
63.2

	
2

	
61

	
96.8




	
15

	
10

	
5

	
66.7

	
1

	
62

	
98.4




	
14

	
7

	
7

	
50.0

	
2

	
61

	
96.8




	
12

	
6

	
6

	
50.0

	
1

	
62

	
98.4




	
11

	
4

	
5

	
44.4

	
3

	
60

	
95.2




	
9

	
5

	
4

	
55.6

	
1

	
62

	
98.4




	
6

	
3

	
3

	
50.0

	
1

	
62

	
98.4




	
4

	
4

	
0

	
100

	
0

	
63

	
100
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