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Abstract

The possible fallibility of forensic methods has been under scrutiny for over a decade.
Left out of the initial reviews were methods within forensic anthropology. A literature review
was conducted to examine modern methods in determining the biological sex of human skeleton
remains and their associated error rates in making a correct determination. Results showed no
significant correlation between the number of traits being considered the subsequent error rate in
determining sex. The skull was shown to be the least accurate in determining biological sex with
the pelvis showing the lowest rate of error. Finally, between regression line-based methods and
observer-based methods, observer-based methods had a lower rate of error.
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Introduction

According to a Bureau of Justice Statistics Special Report conducted in 2004,
approximately 4,400 human remains are recovered every year. And, of those 4,400,
approximately 1,000 are unidentified (1). If human remains are discovered in stages of severe
decomposition, or if DNA sequencing is unable to be conducted due to compromised or missing
tissue, then forensic anthropology may be employed to identify the remains. Identification of
human remains using forensic anthropology employs the matching of ante-mortem and post-
mortem characteristics. A profile of the skeletal traits is created to make comparisons and attempt
to identify the deceased. A major aspect of such a profile is the biological sex of the skeletal

remains.

Forensic anthropology is a method that relies heavily on the experience of the analyst,
and therefore, is open to the possibility of error, as are all sciences. Validation studies of common

forensic anthropological methods are widespread in the literature.

All scientific fields should be vigilant about validating their methods, even long-
established methods. Forensic science is no different, and, because of the adjacent nature of
forensic science with the justice system, it is even more of a pressing question. No current
method of identifying human remains is free of error, and it is always worth remembering that

these errors have long-term consequences, especially in a court setting.

The 2009 National Academy of Sciences report on forensic science kickstarted an
examination of long-standing practices in forensic science (2). The report found that many
forensic subfields did not have sufficient scientific evidence backing up their admissibility in
United States courts (3). Largely left out of this groundbreaking report, were methods in forensic

anthropology. Anthropologists have taken it upon themselves to vet the technique of their field.



Previous research has been conducted on intra- and interobserver error rates in
osteometric measurements (4). Other research has examined methods in age estimation of human
remains (5), as well as height estimation (6). However, a comprehensive examination into the

errors of determining biological sex is overdue.

This paper aims to examine previous studies in errors relating to determination of
biological sex of human remains. From previous studies, general trends in sex determination
errors will be identified. These trends may provide insight onto the efficacy of certain aspects in
determining biological sex and give guidance as to which techniques may be most effective in

the future, and which techniques may need re-examination.



Methods

A literature review was conducted, focusing on papers that found a calculated error rate
in determining the sex of skeletal remains. Papers were limited to those published after 2000 as
they would reflect the most up-to-date methods used by forensic anthropologists, and the
methods that would likely be used by an expert witness in court. Sources were also limited to
those that used skeletons from the modern era, as those would most closely simulate conditions

of remains in a modern forensic setting.

For errors in sex determination the following data was collected from each paper; sample
size, error rate, year of publication, portion of skeleton being reviewed, number of traits being
considered, whether metric or non-metric methods were being used, and, finally, notes on the

population under review.

Many previous researchers have emphasized the importance of making observations
about remains in the context of their specific population (7-13). Note, the population of the
skeletal remains did not factor into calculations, as an expert witness in a U.S. court would not
have the population context that participants in these studies did. However, they were noted for
the sake of data transparency and for possible future calculations. While populations were noted,
analysis was not conducted on error rates and populations. This is because many populations
were only represented in one study, and therefore, any possible biases or errors in the singular
study could have affected population specific analysis. Studies examining the complex
interactions of ethnicity and/or race with osteometric data are well represented in the literature

(7-13)



An average error rate was calculated from all error rates for different sections of the
skeleton. Pearson’s scores were done between the number of traits considered and error rates and
a correlation matrix was also conducted using Jamovi 2.3.21. Finally, comparative tests were

done for non-metric vs metric methods and their subsequent error rates.



Results

All gathered data was compiled into a master table in order to better see trends in areas of
interest (Table 1). Areas of interest included the portion of the skeleton under review in each
study, the number of traits considered, the methodology of determining biological sex, and the
error rate of determining biological sex. Other aspects of each study were also noted for the sake
of transparency of data; these include a citation to the original study, the sample size of the study,
the year the study was conducted, and a note about the population makeup of each study. From
the master table, variables were graphed to better visualize possible trends between differing

independent variables and calculated error rates in determining biological sex.

Several general trends were identified as well as an absence of significant correlations.
First examined, and of the highest interest, was the possible correlation between the number of
traits being considered and the calculated error rate of determining biological sex. The number of
traits under consideration were plotted along with the error rate from the associated study (Fig.1).
The Pearson’s Correlation Coefficient (r*) between these variables was 0.0762. This score
indicates that only 7% of the dependent data (error rate) could be explained by the chosen
independent variable (number of traits). There is evidence of minimal linkage between the two.
Therefore, it was necessary to run a correlation matrix (Table. 2). The p-score that resulted from
the correlation matrix was 0.075, which can be rejected according to the null hypothesis.
According to the gathered data, there is no significant correlation between the number of traits

under review and the error rate in determining biological sex.

Another question under review was the portion of the skeleton and how that compared
the average error rate in determining biological sex. A bar graph showing the portion of the

skeleton and the average overall error rate was created (Fig 2). Fig. 2 shows that the skull had the



highest average error rate at 19.04%. The skull is followed by the clavicle (13.75%), long bones

(12.34%), scapulae (11.93%), and finally the pelvis at 7.95%.

From the general areas of interest examined in Fig. 2, a more detailed examination of
each skeletal portion was conducted. Fig. 3 is a bar graph examining the average error rate based
on the section of the skull under review. Considering the skull as a whole proved to be the most
accurate based on gathered data, with an average error rate of 15.15%. Examining the mandible
exclusively had an average error rate of 22.75%, and examining the cranium exclusively had an

average error rate of 23.30%.

Next, the long bones were examined in greater detail. Fig. 4 is a bar graph showing the
long bones and the average error rate associated with each bone. The ulna had the highest
average error rate at 14.87%. The ulna is followed by the humerus (13.07%), the radius

(11.67%), the femur (10.78%), and the tibia at 9.35%.

The pelvis was also examined in greater detail. Fig. 5 shows a bar graph in which the
portion of the pelvis under review is graphed along with the average error rate. Gathered data
shows that isolating the Os Coxae yields an average error rate of 13.80%. By examining the

pelvis as a whole, the average error rate drops to 5.62%.

The final point under review, again of heightened interest, was the methodology of
determining biological sex versus the average error rate. Traditional methods rely more on the
expertise of the observer, however, modern sex determining studies have utilized regression
equations to make the distinction. Fig. 6 shows a bar graph where the two methodologies are

compared based on their average error rate. The metric method, based on regression equations,



was calculated to have an average error rate of 12.55%, while the non-metric, observation

method had an average error rate of 10.46%.



Discussion

The analysis of the data shows that there is no significant relationship between the error
in determining sex, and the number of traits used to make that determination. Therefore, it is the
quality and not the quantity of specific traits that matter to forensic anthropologists when making
the distinction between biologically male and female skeletons. Though it is beyond the scope of
this paper, ideally, this work can contribute to the examination of which skeletal traits are most

accurate when making a sex determination.

The skull was shown to be the least reliable in the determination of biological sex.
However, by examining the skull as a whole, the average error rate was greatly reduced.
Examining the skull in individual parts (mandible vs cranium) showed to have a higher average

error rate.

Long bones were also examined for their efficacy in determining biological sex. Long
bones had an intermediate average error rate. Of the long bones, the tibia showed the lowest
average error rate, while the ulna showed the highest. Long bones have been used in court to
determine sex in the absence of other, more traditional, portions of the skeleton. Understanding
the possible hierarchy of accuracy using the different long bones should be pursued, as whole
skeletons are rare in a forensic setting. It is necessary to understand the possible information that
can be gleaned from all sections of the skeleton, and, for investigative reasons, it is important to

understand how accurate those analyses might be.

The scapula and clavicle have less precedence in court, however, much research is under
way to understand the type of information that can be derived from these bones. Studies

determining their use in determining biological sex are promising. The gathered data put their



average error rate above 10%, which can be problematic from an investigative standpoint.
However, these numbers are affected by the limited sample size afforded in this paper. Studies of
this nature are still in their infancy and could benefit from duplicate studies with different

populations.

Out of the whole skeleton, the pelvis was shown to be the most accurate region in
determining sex. However, full skeletal remains are a luxury very rarely enjoyed by
anthropologists, and the pelvis may be fragmented, or entirely missing in a forensic context. In

that case, other portions of the skeleton could be of use.

Based on the gathered data, all portions of the skeleton besides the pelvis had an average
error rate greater than 10% which is usually considered unreliable in a forensic setting. However,
this is most likely due to the limited sample size, as the goal of the study was to identify possible

trends rather than definitive rates of error.

While modern times have been leaning more into the use of regression models to make
certain determinations about skeletal remains, the gathered data shows that regression models
may be less accurate than the determinations from experienced anthropologists. However, this
finding is particularly limited by the sample size. There were significantly more studies utilizing

regression models, versus those using visual analysis from experts.

All findings discussed are subject to the limitations of statistical analysis. The sample size
of studies examined is cut down by the restrictions explained in the methods section. The studies
picked were conducted during or after the year 2000. The selected studies also focused on
modern populations. Importantly, all studies also focused on determining biological sex based on

skeletal characteristics that have a precedent of admissibility in a United States court. Therefore,



the sample size is a limiting factor is generalizing the findings discussed. Analysis of more

specific variables are even further limited by sample size.

U.S. based studies with diverse representative populations could provide further insight
into U.S. specific strengths and weaknesses in determining biological sex. Studies examining the
qualities of different traits should also be conducted. Future emphasis should be on evaluating
the quality of the markers used for biological sex, rather than increasing the number of traits that
can be used for determining sex. Finally, most of the studies in the data set had the luxury of a
comparative population. In a forensic context, this is rarely the case. Most determinations are
made in a vacuum. So, studies testing the error rates on a single set of human remains, or ones
that do not allow a comparative sample, could give a better indication of errors as they may

appear in a forensic case today.

The study was conducted to identify possible trends in how specific variables affect the
accuracy and precision of determining biological sex. The gathered data shows that the most
accurate portion of the skeleton for determining sex is an intact pelvis. However, in the absence
of a pelvis, long bones, and the scapula and clavicle, and the skull have traits that can

differentiate the sexes. The emphasis should be on using high quality traits.

The research conducted here may potentially shine light on the most and least accurate

means in determining biological sex for all involved in the carrying out of justice.

Forensic science has an everyday impact on the lives of people. It is the responsibility of
forensic scientists to continuously vet their methods and upkeep rigorous standards of scientific

quality. The overhaul of forensic science in the late 2000s largely kept forensic anthropology out

10



of the picture, so methods in forensic anthropology are due for routine inspection of their

efficacy.
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Tables

Sample Error Rate Portion of # of traits

Ciation: B Size: (3 HE vear H skeleton: H considerel Method: B Notes:

Bruzek 402 5 2002 Pelvis 5 Mon-metric Spanish and portugese origin

Williams

and Rogers 50 4 2006 Skull 20 Non-metric William M. Bass Collection [white, European)
All males in study, experienced experts,

Druric 262 1] 2005 Pelvis 7 Mon-metric contemporary Balkan
Mixed sex in this portion, experienced,

Druric 180 2944 2005 Skull S Mon-metric contemporary Balkan

|Sangchay 408 858 2022 Pelvis 3 Non-metric Modem Thai
Maostly male, tooth losshad grest impact on
results, Department of Forensic Anthropology of

Balci 120 142 2005 Skull [Mandible) 1 Mon-metric the Council of Forensic Medicine in lstanbul
European American, African America, and English

Walker 304 12 2008 Skull 5 Mon-metric ancestry
Modem Greek skeletons used, nearly equsl

Steyn 152 45 2008 Pelvis 17 Metric male/female split

Pretorus 60 99 2006 Pelvis 1 Metric South African Black ditizens used

Pretorius 71 313 2006 Skull [Mandible) 1 Metric South African Black ditizensused

Pretorus 60 33 2006 Skull {Cranium) 1 Metric South African Black ditizens used

Albanese 312 106 2008 Femur 4 Metric Temy Collection

Albanese 302 5 2008 Femurand Pelvis 5 Metric Temy Collection

Albanese a0 5 2008 Fernur 4 Metric Grant Collection

Albanese En 3 2008 Femurand Pelvis 5 Metric GrantCollection

Sakaue (=3 5 2004 Humerus 1 Metric Modem Japanese

Sakaue (=23 3 2004 Tibia 1 Metric Modem Japanese

Sakaue (=3 2 2004 Ulna 1 Metric Modem Japanese

Sakaue (=23 2 2004 Radius 1 Metric Modem Japanese

Sakaue (=3 2 2004 Femur 1 Metric Modem Japanese

Mall 143 o959 2000 Humerus 1 Metric Middle Eurcpean, Modem

Mall 143 10:87 2001 Radius 1 Metric Middle Eurcpean, Modem

Mall 143 1143 2001 Radius 1 Metric Middle Eurcpean, Modem

Mall 143 1151 2001 Humerus 1 Metric Middle Eurcpean, Modem

Mall 143 12195 2001 Ulna 1 Metric Middle Eurcpean, Modem

Mall 143 19.42 2001 Humerus 1 Metric Middle Eurcpean, Modem

Mall 143 2152 2001 Ulna 1 Metric Middle Eurcpean, Modem

Mall 143 2174 2001 Radius 1 Metric Middle Eurcpean, Modem

Mall 143 786 2001 Ulna 1 Metric Middle European, Modem

Moaore 108 139 2016 Scapula 1 Metric Modem Columbian

Moore 128 14 2016 Humerus 1 Metric Modem Columbian

Moaore 123 15.4 2016 Scapula 1 Metric Modem Columbian

Moore 123 171 2016 Fernur 1 Metric Modem Columbian

Moore 109 174 2016 Clavide 1 Metric Modem Columbian

Moore 17 1359 2016 Humerus 1 Metric Modem Columbian

Moore 125 192 2016 Fernur 1 Metric Modem Columbian

Moore 102 196 2016 Pelvis [ Os Coxa) 1 Metric Modem Columbian

Moaore 107 B.5 2016 Scapula 2 Metric Modem Columbian

Moore 102 2 2016 Pelvis|0s Coxa) 3 Metric Modem Columbian

Moore 109 101 2016 Clavide 3 Metric Modem Columbian

Moore 119 101 2016 Ulna 1 Metric Modem Columbian

Moore 122 123 2016 Radius 1 Metric Modem Columbian

Moore 121 157 2016 Tibia 1 Metric Modem Columbian

Table 1: A table outlining all of the data gathered for the analysis. The citation is listed, as well as the
sample size, calculated error rate (in percentage), the year of the study, portion of skeleton under review, number of
traits being considered, method, and notes on the population being studied.
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Correlation Matrix

Mumber of Traits Error Rate
Number of Traits Pearson's r —
p-value —
Error Rate Pearson's r -0.275 —
p-value 0.075 —

Table 2: A correlation matrix was run with the number of traits under consideration as the independent
variable and the associated error rate as the dependent variable. The p-value was calculated as 0.075, which is not
flagged as significant, as 0.075 is greater than 0.05.
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Figures

Number of Traits vs. Error Rate(%)
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Fig. 1: Scatter plot of the number of traits being considered vs the error rate in determining biological sex.
Both data points are pulled from Table. 1. Number of traits is the independent variable, while error rate is the
dependent variable. A Pearson’s correlation coefficient was calculated to be 0.0762, showing a very weak
association between the two points.

Portion of Skeleton vs Average Error Rate(%)

20 19.04
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Fig. 2: Bar graph showing the portion of skeleton under review and the calculated average error rate. All
data is pulled from Table. 1. Results show a 19.04 average error percentage for the skull; an 11.93 average error rate

for the scapula; a 13.75 average error rate for the clavicle; a 12.34 average error rate for the long bones; and a 7.95
average error rate for the pelvis.
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Portion of Skull vs Average Error Rates (%)
25
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Fig. 3: A bar graph showing the portion of the skull under review vs the average error rate. All data is

pulled from Table. 1. The whole skull shows an average error rate of 15.15. The mandible shows an average error
rate of 22.75. The cranium shows an average error rate of 23.3.

Long Bones vs Average Error Rate (%)
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Fig. 4: A bar graph showing the average error rate for each of the long bones. All data is pulled from

Table.1. The femur shows an average error rate of 10.78; the humerus, an average error rate of 13.07; the tibia, an
average error rate of 9.35; the ulna, an average error rate of 14.87; and the radius, an average error rate of 11.67.
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Portion of Pelvis vs. Average Error Rate (%)
16
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Fig. 5: A bar graph showing the portion of the pelvis being reviewed vs the average error rate. All data is

pulled from Table 1. The whole pelvis shows an averge error rate of 5.62. When isolating the Os Coxa, the average
error rate is 13.8.

Method vs Average Error Rate (%)

13 12.55
12.5
12
11.5
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Method

Fig. 6: A bar graph showing the methods of determination vs the average error rate. The methods are
divided into metric and non-metric methodologies. The average error rate of the metric method was calculated to be
12.55, and the average error rate of the non-metric method was 10.46.
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